Therapeutic Class Overview
Colony Stimulating Factors

Therapeutic Class Overview/Summary:

This review will focus on the granulocyte colony stimulating factors (G-CSFs) and granulocyte-
macrophage colony stimulating factors (GM-CSFs)." Colony-stimulating factors (CSFs) fall under the
naturally occurring glycoprotein cytokines, one of the main groups of immunomodulators.® In general,
these proteins are vital to the proliferation and differentiation of hematopoietic pro(genitor cells.®® The G-
CSFs commercially available in the United States include pedfilgrastim (Neulasta™), filgrastim
(Neupogen®), filgrastim-sndz (Zarxio®), and tbo-filgrastim (Granix®). While filgrastim-sndz and tbo-
filgrastim are the same recombinant human G-CSF as filgrastim, only filgrastim-sndz is considered a
biosimilar drug as it was approved through the biosimilar pathway. At this time, filgrastim-sndz has not
applied for the interchangeable designation from the Food and Drug Administration (FDA). When tbo-
filgrastim was approved, a regulatory pathway for biosimilar drugs had not yet been established in the
United States and tbo-filgrastim was filed under its own Biologic License Application.9 Only one GM-CSF
is currently available, sargramostim (Leukine®). These agents are FDA-approved for a variety of
gonditions relating to neutropenia or for the collection of hematopoietic progenitor cells by Ieukapheresis.1'

The G-CSFs are generally used in patients with cancer to reduce the incidence of adverse events
associated with chemotherapy, such as febrile neutropenia, infections and delayed neutrophil recovery
time. Neutrophils are the body’s defense system against infection and play a key role in the process of
acute inflammation.™ Chemotherapy and radiation can affect neutrophil function as well as decrease the
production of neutrophils in the bone marrow. When the absolute neutrophil count (ANC) falls below
1,500 cells/uL, this is defined as neutropenia. Patients who have severe neutropenia (ANC <500 cells/uL)
are at high risk for infection. ' Endogenous G-CSF is a growth factor produced by monocytes, fibroblasts
and endothelial cells that acts upon the bone marrow to increase the production of neutrophils. In addition
to increasing neutrophil production, G-CSF also enhances phagocytic and cytotoxic actions of mature
neutrophils."? Filgrastim, tbo-filgrastim, filgrastim-sndz and pegfilgrastim are produced by recombinant
deoxyribonucleic acid (DNA) technology via the insertion of the human G-CSF gene into Escherichia coli
(E coli) bacteria.'*° Pedfilgrastim, a long-acting formulation of filgrastim, is produced by conjugating
filgrastim with polyethylene glycol, thereby increasing the molecular weight and delaying kidney
excretion.

GM-CSF is primarily used to accelerate myeloid recovery in oncology patients following
myelosuppressive treatment regimens. Endogenous GM-CSF is predominantly found in T lymphocytes,
monocytes, macrophages, fibroblasts and endothelial cells.® In addition to increasing the production of
neutrophils, GM-CSF also increases other white blood cells including monocytes, macrophages and
eosinophils in the bone marrow as well as promoting their function. Like the G-CSFs, sargramostim is
also produced utilizing recombinant DNA technology; however it is derived in yeast (Saccharomyces
cerevisiae) expression system rather than from E coli bacteria.*

Table 1. Current Medications Available in the Therapeutic Class'™®

Generic Food and Drug Administration- Dosage Generic
(Trade Name) Approved Indications Form/Strength Availability
Filgrastim (Neupogen®) Severe neutropenia in patients Vial:
receiving myelosuppressive 300 pg/1 mL
therapy for nonmyeloid 480 ug/1.6 mL
malignancies and Induction .
and/or Consolidation Prefilled Syringe: a
Chemotherapy for AML, 300 pg/0.5 mL
Myeloablative chemotherapy 480 ug/0.8 mL
followed by BMT, Autologous

Page 1 of 5
Copyright 2016 « Review Completed on 2/29/2016



Therapeutic Class Overview: Colony Stimulating Factors

Generic

(Trade Name)

Food and Drug Administration-
Approved Indications

Dosage
Form/Strength

Generic
Availability

Peripheral Blood Progenitor Cell
Collection and Therapy,
Congenital Neutropenia,
Idiopathic or Cyclic Neutropenia,
Hematopoietic Syndrome of
Acute Radiation Syndrome

Filgrastim-sndz (Zarxio™*)

Severe neutropenia in patients
receiving myelosuppressive
therapy for nonmyeloid
malignancies and Induction
and/or Consolidation
Chemotherapy for AML,
Myeloablative chemotherapy
followed by BMT, Autologous
Peripheral Blood Progenitor Cell
Collection and Therapy,
Congenital Neutropenia,
Idiopathic or Cyclic Neutropenia

Vial:
300 pg/1 mL
480 pg/1.6 mL

Prefilled Syringe:
300 pg/0.5 mL
480 ug/0.8 mL

Pegfilgrastim (Neulasta®)

Severe neutropenia in patients
receiving myelosuppressive
therapy for nonmyeloid
malignancies, Hematopoietic
Syndrome of Acute Radiation
Syndrome

Prefilled Syringe:
6 mg/0.6 mL

Sargramostim (Leukine®)

Induction Chemotherapy for AML,
Non-Hodgkin’s lymphoma, acute
lymphoblastic leukemia and
Hodgkin’s disease undergoing
autologous BMT, Allogeneic or
autologous bone marrow
transplantation in whom
engraftment is delayed or has
failed, Autologous Peripheral
Blood Progenitor Cell Collection
and Therapy

Vial (powder for
reconstitution):
250 ug

Vial (solution)
500 pg/1 mL

Tbo-filgrastim (Granix®)

Severe neutropenia in patients
receiving myelosuppressive
therapy for nonmyeloid
malignancies

Prefilled Syringe:
300 pg/0.5 mL
480 pg/0.8 mL

*Zarxio® is a biosimilar to the reference drug Neupogen®.

Evidence-based Medicine

The safety and efficacy of the granulocyte and granulocyte-macrophage colony stimulating factors
have been evaluated in several clinical trials; however, there are few trials that compare G-CSFs to
GM-CSFs. Agents were shown to be safe and effective for FDA-approved indications.'®®
Tbo-filgrastim was evaluated in a single multi-center, placebo- and active-controlled, randomized
control trial that evaluated patients with breast cancer. Patients received tbo-filgrastim, filgrastim, or
placebo for cycle one. For cycle two to four, patients that received placebo were switched to tbo-
filgrastim. Doses were 5ug/kg daily for both active treatment groups for all cycles. The primary
efficacy endpoint was duration of severe neutropenia in cycle one. When compared to placebo, tbo-
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filgrastim was provided a statistically significant improvement in duration of severe neutropenia (no P
value reported). When compared to filgrastim, tbo-filgrastim was considered equivalent with a least
square mean difference of 0.028 (95% ClI, -0.262 to 0.325). Secondary endpoints showed no
differences between tbo-filgrastim and filgrastim during any cycle or overall.*®

Key Points within the Medication Class

Based on current guidelines:

0 ltis important to prevent and limit the duration of febrile neutropenia.

0 Recommend primary prophylaxis with a CSF when the risk of febrile neutropenia is >20%.

o Recommend that the therapeutic use of a CSF be considered only when a patient with febrile
neutropenia is at high risk of infection-related complications based on prognostic factors.

0 There is currently no general consensus among the guidelines regarding the specific CSFs
within the class.

o0 The NCCN states that when choosing an agent for the treatment of prophylaxis of febrile
neutropenia, filgrastim and pegfilgrastim are considered to have stronger data to support their
use compared to sargramostim.’""?

0 The European Organization for Research and Treatment of Cancer recommends the use of
filgrastim and pedfilgrastim while stating that there is some evidence showing G-CSF and
GM-CSF are comparable in efficacy.™

0 The ASCO state that due to the lack of information, no recommendation can be made with
regards to the equivalency of the two G-CSFs."?

11,12

Other Key Facts:

o Due to the pathway taken, tbo-filgrastim does not share all of the same indications as
filgrastim and these two products are not interchangeable. It is important to note that although
filgrastim-sndz is a biosimilar product, and it was approved with all the same indications as
filgrastim at the time, filgrastim has since received FDA-approval for an additional indication
that filgrastim-sndz does not have, to increase survival in patients with acute exposure to
myelosuppressive doses of radiation."

o Differences among dosing schedules also exist between the agents. Pedfilgrastim is
administered at a fixed dose (6 mg subcutaneously once per chemotherapy cycle), while
filgrastim, filgrastim-sndz, tbo-filgrastim, and sargramostim are dosed based on patient’s
body weight and are administered daily.1'5
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Overview/Summary

This review will focus on the granulocyte colony stimulating factors (G-CSFs) and granulocyte-
macrophage colony stimulating factors (GM-CSFs)." Colony-stimulating factors (CSFs) fall under the
naturally occurring glycoprotein cytokines, one of the main groups of immunomodulators.® In general,
these proteins are vital to the proliferation and differentiation of hematopoietic pro(genitor cells.®® The G-
CSFs commercially available in the United States include pedfilgrastim (Neulasta™), filgrastim
(Neupogen®), filgrastim-sndz (Zarxio®), and tbo-filgrastim (Granix®). While filgrastim-sndz and tbo-
filgrastim are the same recombinant human G-CSF as filgrastim, only filgrastim-sndz is considered a
biosimilar drug as it was approved through the biosimilar pathway. At this time, filgrastim-sndz has not
applied for the interchangeable designation from the Food and Drug Administration (FDA). When tbo-
filgrastim was approved, a regulatory pathway for biosimilar drugs had not yet been established in the
United States and tbo-filgrastim was filed under its own Biologic License Application.9 Only one GM-CSF
is currently available, sargramostim (Leukine®). These agents are FDA-approved for a variety of
conditions relating to neutropenia or for the collection of hematopoietic progenitor cells by Ieukapheresis.1'
® Due to the pathway taken, tbo-filgrastim does not share all of the same indications as filgrastim and
these two products are not interchangeable. It is important to note that although filgrastim-sndz is a
biosimilar product, and it was approved with all the same indications as filgrastim at the time, filgrastim
has since received FDA-approval for an additional indication that filgrastim-sndz does not have, to
increase survival in patients with acute exposure to myelosuppressive doses of radiation.” A complete
list of indications for each agent can be found in Table 2. Differences among dosing schedules also exist
between the agents. Pedfilgrastim is administered at a fixed dose (6 mg subcutaneously once per
chemotherapy cycle), while filgrastim, filgrastim-sndz, tbo-filgrastim, and sargramostim are dosed based
on patient’s body weight and are administered daily.1’5

The G-CSFs are generally used in patients with cancer to reduce the incidence of adverse events
associated with chemotherapy, such as febrile neutropenia, infections and delayed neutrophil recovery
time. Neutrophils are the body’s defense system against infection and play a key role in the process of
acute inflammation.™ Chemotherapy and radiation can affect neutrophil function as well as decrease the
production of neutrophils in the bone marrow. When the absolute neutrophil count (ANC) falls below
1,500 cells/uL, this is defined as neutropenia. Patients who have severe neutropenia (ANC <500 cells/uL)
are at high risk for infection. ™ Endogenous G-CSF is a growth factor produced by monocytes, fibroblasts
and endothelial cells that acts upon the bone marrow to increase the production of neutrophils. In addition
to increasing neutrophil production, G-CSF also enhances phagocytic and cytotoxic actions of mature
neutrophils. 2 Filgrastim, tbo-filgrastim, filgrastim-sndz and pedfilgrastim are produced by recombinant
deoxyribonucleic acid (DNA) technology via the insertion of the human G-CSF gene into Escherichia coli
(E coli) bacteria."*° Pedfilgrastim, a long-acting formulation of filgrastim, is produced by conjugating
filgrastim with polyethylene glycol, thereby increasing the molecular weight and delaying kidney
excretion.

GM-CSF is primarily used to accelerate myeloid recovery in oncology patients following
myelosuppressive treatment regimens. Endogenous GM-CSF is predominantly found in T lymphocytes,
monocytes, macrophages, fibroblasts and endothelial cells.® In addition to increasing the production of
neutrophils, GM-CSF also increases other white blood cells including monocytes, macrophages and
eosinophils in the bone marrow as well as promoting their function. Like the G-CSFs, sargramostim is
also produced utilizing recombinant DNA technology; however it is derived in yeast (Saccharomyces
cerevisiae) expression system rather than from E coli bacteria.”*

Based on current guidelines regarding the general use of CSFs such as the National Comprehensive
Cancer Network (NCCN) Myeloid Growth Factors Clinical Practice Guideline in Oncology and the
American Society of Clinical Oncology (ASCO) 2006 Update of Recommendations for the Use of White
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Blood Cell Growth Factors, both recognize the importance of preventing and limiting the duration of febrile
neutropenia. Similarly, both guidelines recommend primary prophylaxis with a CSF when the risk of
febrile neutropenia is >20%. In addition, they recommend that the therapeutic use of a CSF be
considered only when a patlent with febrile neutropenia is at high risk of infection-related complications
based on prognostic factors.""'? There is currently no general consensus among the guidelines regarding
the specific CSFs within the class. The NCCN states that when choosing an agent for the treatment of
prophylaxis of febrile neutropenia, filgrastim and pegﬂlgrashm are considered to have stronger data to
support their use compared to sargramostlm ' The European Organization for Research and
Treatment of Cancer recommends the use of filgrastim and pegfllgrastlm while stating that there is some
evidence showing G-CSF and GM-CSF are comparable in efflcacy The ASCO state that due to the Iack
of information, no recommendation can be made with regards to the equivalency of the two G- CSFs."

Medications

Table 1. Medications Included Within Class Review

Generic Name (Trade name) Medication Class Generic
Availability
Filgrastim (Neupogen®) Granulocyte colony stimulating factor ar
Filgrastim-sndz (Zarxio®*) Granulocyte colony stimulating factor -
Pedfilgrastim (Neulasta®) Granulocyte colony stimulating factor -
Sargramostim (Leukine®) Granulocyte-macrophage colony stimulating factor -
Tbo-filgrastim (Granix®) Granulocyte colony stimulating factor -

*Zarxio® is a biosimilar to the reference drug Neupogen®.
Indications

Table 2. Food and Drug Administration-Approved Indications™®

Indication

Filgrastim
Filgrastim-sndz
Pegfilgrastim
Sargramostim
Tho-filgrastim

Acceleration of myeloid recovery in patients with non-Hodgkin's lymphoma,
acute lymphoblastic leukemia and Hodgkin's disease following autologous
bone marrow transplantation.

V)

Acceleration of myeloid recovery in patients undergoing allogeneic bone
marrow transplantation from human leukocyte antigen-matched related a
donors.

Graft failure or engraftment delay, in the presence or absence of infection,
following autologous or allogeneic bone marrow transplantation

Mobilization of autologous hematopoietic progenitor cells into the peripheral
blood for collection by leukapheresis in patients undergoing autologous
peripheral blood progenitor cell collection and following transplantation of
autologous peripheral blood progenitor cells

To decrease the incidence of infection, as manifested by febrile neutropenia,
in patients with nonmyeloid malignancies receiving myelosuppressive anti-
cancer drugs associated with a significant incidence of severe neutropenia
with fever/febrile neutropenia

To increase survival in patients acutely exposed to myelosuppressive doses
of radiation (Hematopoietic Syndrome of Acute Radiation Syndrome)
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S| e|E|E
Indication Q g 5| E|D
(=) = = =
|58 5|2
T |2 |F
To reduce the duration of neutropenia and neutropenia-related clinical
sequelae in patients with nonmyeloid malignancies undergoing myeloablative | a | a
chemotherapy followed by bone marrow transplantation
To reduce the incidence and duration of sequelae of chronic neutropenia in
symptomatic patients with congenital neutropenia, cyclic neutropenia, or a* | ar
idiopathic neutropenia
To reduce the time to neutrophil recovery and the duration of fever, following +
induction chemotherapy in patients with acute myeloid leukemia a|a a
To reduce the time to neutrophil recovery and the duration of fever, following
consolidation chemotherapy in patients with acute myeloid leukemia a | a

*Approved for chronic administration.
t1Safety and efficacy has not been established in patients <55 years of age.

Although not FDA approved, filgrastim has been used for the treatment of graft failure after bone marrow
transplantation, neutropenia associated with myelodysplastic syndrome, hairy cell leukemia, aplastic
anemia, acquired immune deficiency syndrome and zidovudine- and other drug-induced neutropenias.
Pedfilgrastim has been used for peripheral blood stem cell leukapheresis prior to autologous stem cell
transplantation. Sargramostim has also been used for non-FDA approved indications. It has been most
commonly used to treat Crohn’s disease. Other uses of sargramostim include the treatment of melanoma,
neutropenia associated with myelodysplastic syndrome or aplastic anemia, oral mucositis, pulmonary
alveolar proteinosis, sepsis and neutropenia in the newborn, stomatitis, zidovudine- and other drug-
induced neutropenia and wound healing. Sargramostim has also been used as a vaccine adjuvant and an
adjunct to high-dose chemotherapy.15’1

Pharmacokinetics

Table 3. Pharmacokinetics'™"’
. . S : Active Serum Half-
* 0, 0,

Generic Name(s) Bioavailability (%) | Renal Excretion (%) Metabolites Life (hours)
Filgrastim 60 to 70 (SC) Not reported Not reported 3.5
Filgrastim-sndz 60 to 70 (SC) Not reported Not reported 3.5
Pedfilgrastim Not reported Not reported Not reported 15t0 18

. 1(IV)
Sargramostim Not reported Not reported Not reported 2103 (SC)
Tbo-filgrastim 33 Not reported Not reported 3.2t03.8

SC=subcutaneous, IV=intravenous
*Absolute bioavailability based on a dose of 5 pg/kg injected subcutaneously.

Clinical Trials

The safety and efficacy of the granulocyte and granulocyte-macrophage colony stimulating factors have
been evaluated in several clinical trials; however, there are few trials that compare G-CSFs to GM-

CSFs 18-53

Two retrospective trials evaluated the differences in efficacy between filgrastim and pedfilgrastim in
patients with nonmyeloid malignancies who underwent chemotherapy. In Aimenar et al, a multicenter,
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retrospective, observational trial, pedfilgrastim was associated with fewer episodes of febrile neutropenia
compared to filgrastim (10.7 vs 24.3%, respectively; P value not reported) as well as fewer
hospitalizations for febrile neutropenia (9.3 vs 19.8%, respectively; P value not reported).18 Results from
Weycker et al also showed the risk of hospitalization for febrile neutropenia or infection was lower with
pegfilgrasgigm compared to filgrastim (odds ratio, 0.64; 95% confidence interval [Cl], 0.48 to 0.85;
P=0.002).

A multicenter, randomized, double-blind, active-control trial compared single-dose pegfilgrastim to daily
filgrastim in reducing neutropenia in 310 patients who received four cycles of myelosuppressive
chemotherapy for high-risk breast cancer. There were no significant differences between treatment
groups in the duration of severe neutropenia and the depth of ANC nadir in all cycles. Overall, the
incidence of febrile neutropenia was less in the pegfilgrastim group than in the filgrastim group (9 vs 18%;
P=0.029). The difference in the mean duration of severe neutropenia between the pegfilgrastim and
filgrastim treatment groups was less than one day. Adverse event profiles in the pedfilgrastim and
filgrastim groups were similar. A single injection of pedfilgrastim per cycle was as safe and effective as
daily injections of filgrastim in reducing neutropenia and its complications in patients who received four
cycles of chemotherapy.?’

One randomized, double-blind, multicenter trial compared filgrastim and sargramostim in 181 patients
with chemotherapy-induced febrile neutropenia (ANC <500 cells/uL). Patients were given daily
subcutaneous injections of either agent until ANC levels reached 21,500 cells/pL. Overall, the mean
number of days patients received filgrastim (4.60+0.14 days) was significantly shorter than sargramostim
(5.70£0.23 days; P=0.0001). There was no significant difference among the treatment groups in the mean
number of days to reach an ANC 500 cells/pL (filgrastim, 3.60+0.16 vs sargramostim, 3.30+0.16; P=0.32);
however, the mean number of days to reach an ANC 1,000 and 1,500 cells/uL was significantly lower in
the filgrastim group (4.50+0.13 and 4.60+0.14, respectively) compared to the sargramostim group
(5.10£0.22 and 5.70+0.23, respectively; P=0.009 and P=0.0001, respectively). In regards to the other
endpoints reported, patients in the sargramostim group had fewer hospitalizations with febrile neutropenia
or intravenous (V) antibiotics (P=0.46), shorter mean length of hospitalization (P=0.58) and shorter mean
duration of fever (P=0.14) compared to patients in the filgrastim group; however, these endpoints did not
reach statistical significance. Overall the agents were well tolerated and had comparable efficacy and
tolerabilitzg in the treatment of standard-dose chemotherapy-induced myelosuppression in community
practice.

A second prospective, randomized, double-blind, multicenter trial comparing sargramostim and filgrastim
published by the same author found that with the exception of a slightly higher incidence of grade 1 fever
(37.1 to 38.0°C) with sargramostim compared to filgrastim (48 vs 26%, respectively; P=0.01), there were
no statistically significant differences in the incidence or severity of local or systemic adverse events
potentially related to CSFs. Although the study was not designed to evaluate efficacy directly, there were
also no statistically significant differences between treatment groups in total days of growth factor
therapy, days of hospitalization or days of IV antibiotic therapy during the treatment period. Both agents
were well tolerated and there were no clinically significant differences between them.”®

A Cochrane review of 13 randomized, placebo-controlled trials was performed to evaluate the efficacy
and safety of G-CSF (filgrastim and lenograstim [not available in the United States]) or GM-CSF
(sargramostim) compared to placebo in patients who were receiving nonmyeloablative chemotherapy for
malignant lymphomas. Sensitivity analyses that were performed in this review concluded that there were
no differences between G-CSF and GM-CSF in their effects on overall survival, freedom from treatment
failure and risk reduction in incidence of neutropenia or febrile neutropenia.24

Two retrospective, case-controlled cohort trials were conducted to compare filgrastim, pegfilgrastim and
sargramostim in reducing the risks of neutropenia-related hospitalizations in cancer patients receiving
chemotherapies. Weycker et al found that the use of pedfilgrastim was associated with fewer
hospitalizations for neutropenic complications compared to filgrastim and sargramostim (1.1, 2.1 and
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2.5%, respectively; P<0.001 for both filgrastim and sargramostim compared to pegfilgrastim).20 Heaney et
al found that sargramostim was associated with fewer infection-related hospitalizations compared to
filgrastim (12 vs 26%, respectively; P=0.0422) and pedfilgrastim (24%; P=0.0628). The incidence of
hospitalizations for febrile neutropenia was also lower in the sargramostim group compared to the
filgrastim and pedfilgrastim groups; however, these differences were not statistically 3|gn|f|cant

There were additional studies compared filgrastim to sargramostim. In these studies, efficacy favored
filgrastim overall. Filgrastim had statistically significant fewer episodes of fever in nonmyel0|d
malignancies in patients receiving myelosuppressive anticancer drugs (P<0. 001) For collection of
progenitor cells by leukapheresis, the filgrastim group had significantly greater CD34+ harvested than the
sargramostim group (P=0.0001). Additionally, ANC recover was significantly more rapid in the filgrastim
group and there were significantly fewer patients with a temperature >38.5°C, patients who received IV
antibiotics or red blood cells and hospital admissions.** One study had mixed results that showed
sargramostim improved time to ANC recover compared with filgrastim, but required a greater number of
days with growth factor (P<0.001 and P=0.001, respectively). In this study, there were no differences
between time to platelet recovery, number of days patients experienced fever or recelved IV antibiotics,
the number of platelet transfusions and the number of red blood cell units received.*

Tbo-filgrastim was evaluated in a single multi-center, placebo- and active-controlled, randomized control
trial that evaluated patients with breast cancer. Patients received tbo-filgrastim, filgrastim, or placebo for
cycle one. For cycle two to four, patients that received placebo were switched to tbo-filgrastim. Doses
were 5ug/kg daily for both active treatment groups for all cycles. The primary efficacy endpoint was
duration of severe neutropenia in cycle one. When compared to placebo, tbo-filgrastim was provided a
statistically significant improvement in duration of severe neutropenia (no P value reported). When
compared to filgrastim, tbo-filgrastim was considered equivalent with a least square mean difference of
0.028 (95% ClI, -0.262 to 0.325). Secondary endpoints showed no differences between tbo-filgrastim and
filgrastim during any cycle or overall.*® Two additional studies published showed similar results but in
patients with aggressive non-Hodgkin’s lymphoma and small cell or non-small cell lung cancer.’
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Table 4. Clinical Trials

Study and Drug
Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

Decrease Incidence of |
Anticancer Drugs Asso

nfection, as Manifested by Febrile Neutropenia, in Patients with Nonmyeloid Malignancies Receiving Myelosuppressive
ciated with Significant Incidence of

Severe Neutropenia with Fever

Almenar et al™®
Filgrastim or
lenograstim daily
(dosing not specified)

Vs

pedfilgrastim (dosing
not specified)

MC, OS, RETRO

Patients with
nonmyeloid
tumors who
underwent
cytotoxic
chemotherapy;
tumor types
included breast,
lung, NHL,
multiple myeloma,
gastrointestinal,
gynecological and
others

N=186

Duration not
specified

Primary:
Proportion of
patients with
proactive vs
reactive use of G-
CSF, the duration
of treatment with
daily G-CSF,
delay or reduction
in chemotherapy
dose (>3 days
delay with respect
to planned date of
administration or
<85% of planned
dose
administered),
incidence of
febrile
neutropenia,
incidence of
hospitalization,
antibiotic use,
adverse events

Secondary:
Not reported

Primary:

The percentage of patients receiving G-CSF as primary and secondary
prophylaxis for febrile neutropenia was similar in both filgrastim and
pedfilgrastim groups. Pedfilgrastim was less likely to be used to treat
febrile neutropenia compared to filgrastim (17.3 vs 29.7%; P value not
reported).

The duration of treatment with daily G-CSF was not reported.

Similar percentage of patients had a delay in chemotherapy
administration in the filgrastim and pedfilgrastim groups (46.0 and 44.0%,
respectively; P value not reported). However, 20.7% of patients receiving
filgrastim had a chemotherapy dose reduction due to neutropenia,
compared to 6.7% of patients receiving pedfilgrastim (P value not
reported).

There were fewer incidences of febrile neutropenia and hospitalization
due to febrile neutropenia in the pedfilgrastim group compared to the
filgrastim group. The incidences of febrile neutropenia in the filgrastim
and pedfilgrastim groups were 24.3 and 10.7%, respectively (P value not
reported), while the incidences of hospitalization due to febrile
neutropenia were 19.8 and 9.3%, respectively (P value not reported).

Fewer patients in the pedfilgrastim group received treatment of antibiotics
due to febrile neutropenia compared to the filgrastim group (8.0 vs
17.1%; P value not reported).

Bone pain was reported in 2.7 and 1.3% of patients in the filgrastim and
pegfilgrastim groups, respectively. Other treatment-related adverse
events were reported in 5.4 and 1.3% of patients in the filgrastim and
pedfilgrastim groups, respectively (P value not reported).
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Study Design Sample Size
Stugyé;r;?elgrug and and Study End Points Results
Demographics Duration
Secondary:
Not reported
Weycker et al'® CO, RETRO N=4,903 Primary: Primary:
(patients with | Incidence of Pedfilgrastim was associated with lower incidence of hospitalizations for
Filgrastim (dose not Adult patients who a total of hospitalization for | neutropenia compared to filgrastim (1.2 vs 2.1%; OR, 0.55; 95% ClI, 0.36
specified) for a mean of | received 15,763 neutropenia, to 0.84; P=0.005).
4.5+3.3 days chemotherapy for chemo- incidence of
a primary solid therapy hospitalization for | The risk of hospitalization for neutropenic fever or infection was also
Vs tumor and who cycles) febrile neutropenia | lower with pedfilgrastim than filgrastim (3.1 vs 4.8%; OR, 0.64; 95% ClI,

pedfilgrastim (dose not
specified)

G-CSFs were
administered on or
before day 5 of each
chemotherapy cycle.

received filgrastim
or pedgfilgrastim
during the first
course of
chemotherapy; the
most common
types of
malignancies were
breast cancer,
lung cancer and
NHL; eligible,
unique
chemotherapy
cycles were then
identified; cycles
were eligible if the
first and second
cycles were 20 to
59 days apart and
if G-CSFs were
administered on or
before day 5 of
cycle; receipt of
chemotherapy and
diagnoses of

Duration not
specified

or infection,
incidence of all-
cause
hospitalization
(hospitalizations
for neutropenia,
febrile neutropenia
and infection were
identified using
corresponding
ICD-9 codes)

Secondary:
Not reported

0.48 to 0.85; P=0.002).

The incidence of all-cause hospitalizations was 6.3% with pegfilgrastim
and 8.7% with filgrastim (OR, 0.70; 95% CI, 0.56 to 0.86; P=0.001).

After adjusting for patient, cancer and chemotherapy characteristics,
pedfilgrastim was still associated with a lower incidence of hospitalization
for neutropenia (adjusted OR, 0.64; 95% Cl, 0.41 to 0.99; P=0.043),
hospitalization for neutropenic fever or infection (adjusted OR, 0.69; 95%
Cl, 0.52 t0 0.92; P=0.012) and all-cause hospitalization (adjusted OR,
0.73; 95% CI, 0.59 to 0.91; P=0.004).

Secondary:
Not reported

Page 7 of 59
Copyright 2016 « Review Completed on 2/29/2016




Therapeutic Class Review: colony stimulating factors

Study Design Sample Size
Stugyé;r;?elgrug and _ and St'udy End Points Results
Demographics Duration
malignancies were
based on medical
insurance claims
Weycker et al”’ CO, RETRO N=22,995 | Primary: Primary:
(patients with | Incidence of The risk of hospitalization for neutropenia was higher during
Pedfilgrastim Adult patients who a total of hospitalization for | chemotherapy cycles in which patients received filgrastim compared to
received 77,269 neutropenia, pedfilgrastim (2.1 vs 1.1%, respectively; OR, 1.93, 95% ClI, 1.63 to 2.28;
Vs chemotherapy for chemo- incidence of P<0.001). Similarly, the same risk was higher in patients who received
solid tumors therapy hospitalization for | sargramostim during chemotherapy compared to pedfilgrastim (2.5 vs
filgrastim (dose not based on cycles) neutropenic fever | 1.1%, respectively; OR, 2.39, 95% CI, 1.76 to 3.26; P<0.001).
specified) for 4.8+3.4 evidence of or infection,
days medical claims; Duration not | incidence of all- A similar trend was seen in the risk of hospitalization for neutropenic
each specified cause fever or infection. Pedfilgrastim was associated with fewer

or

sargramostim (dose not
specified) for 6.0+4.4
days

G-CSFs and GM-CSF
were administered on

chemotherapy
cycle was a
minimum of 20
days; the most
common
malignancies were
breast cancer,
lung cancer and

hospitalization
within 60 days
after the initiation
of study drugs
(hospitalizations
for neutropenia,
febrile neutropenia
and infection were

hospitalizations compared to filgrastim (2.6 vs 4.0%, respectively; OR,
1.53; 95% Cl, 1.35 to 1.72; P<0.001) and sargramostim (5.1%; OR, 1.98;
95% CI, 1.59 to 2.46; P<0.001).

Patients receiving pedfilgrastim had fewer incidence of all-cause
hospitalization (5.3%) compared to filgrastim (7.9%; OR, 1.55; 95% ClI,
1.42 to 1.69; P<0.001) and sargramostim (9.6%; OR, 1.91; 95% CI, 1.62
to 2.25; P<0.001).

or before day 5 of each | NHL; eligible, identified using
chemotherapy cycle. unique corresponding After adjusting for patient, cancer and chemotherapy characteristics,
chemotherapy ICD-9 codes) filgrastim and sargramostim were still associated with increased risk of
The most common cycles were then hospitalization for neutropenia compared to pedfilgrastim (OR, 1.8 for
concomitant identified; cycles Secondary: filgrastim; P<0.001; OR, 2.7 for sargramostim; P<0.001).
chemotherapy regimen | were eligible if the Not reported
was cyclophosphamide | first and second Secondary:
and doxorubicin for cycles were 20 to Not reported
breast cancer, 59 days apart and
carboplatin and if G-CSFs and
etoposide for lung GM-CSF were
cancer and administered on or
cyclophosphamide, before day 5 of
doxorubicin and cycle; receipt of
Page 8 of 59
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Study Design Sample Size
Stugyé;r;?elgrug and and Study End Points Results
Demographics Duration
vincristine for NHL. chemotherapy and
diagnoses of
malignancies were
based on medical
insurance claims
Holmes, DB, MC, RCT N=310 Primary: Primary:
O'Shaughnessy et al”’ Duration of grade | There was no significant difference in duration of grade 4 neutropenia in
Subjects >18 4 cycles of | 4 neutropenia cycle one between the filgrastim group (1.8 [1.4] days) and the
Filgrastim 5 pg/kg/day years of age chemo- (ANC <0.5x10° pedfilgrastim group (1.7 [1.5] days; difference of 0.03 days; 95% CI, —
SC from day 2 of each | diagnosed with therapy cells/puL) in cycle 0.36 to 0.30).

cycle until an ANC
>10x10° cells/uL after
the expected nadir or
for 14 days, whichever
occurred first

Vs

pedfilgrastim 100 ug/kg
SC on day 2 of each
cycle

Subjects received
doxorubicin and
docetaxel
chemotherapy
repeated every 3
weeks for up to 4
cycles provided ANC
>1x10° cells/uL, and

platelet count >100x10°

units/L.

high risk stage Il
or stage IlI/IV
breast cancer,
who were naive to
chemotherapy or
received adjuvant
therapy and/or
completed <1
regimen of
chemotherapy for
metastatic
disease,
completion of
previous
chemotherapy
more than four
weeks before
randomization, an
ECOG
performance
status <2, an ANC
>1.5x10°/L,
platelet count
>100x10%L, and
adequate hepatic

one

Secondary:
Duration of grade
4 neutropenia
during cycles two
through four, the
depth of ANC
nadir in each of
the cycles (one to
four), rates of
febrile neutropenia
and the time to
ANC recovery in
chemotherapy
cycles one to four

Secondary:

The duration of grade 4 neutropenia was significantly less in the
pedfilgrastim group in cycles two to four compared to filgrastim: cycle
two: 0.7 vs 1.1 days, respectively (difference of —0.40 days; 95% CI, —
0.64 to —0.17; P=0.001); cycle three: 0.6 vs 1.2 days, respectively
(difference of —0.63; 95% CI, —0.91 to —0.36; P<0.001); cycle four: 0.9 vs
1.3 days (difference of —0.38 days; 95% CI, —0.71 to —0.07; P=0.019).

The depth of ANC nadirs was similar between the two treatment groups
over the course of the study (P values not reported).

Febrile neutropenia occurred at least once during the study in 9% of
patients in the pedfilgrastim group which was significantly less than the
18% of patients in the filgrastim group (difference of -9%; 95% CI, —16.8
to —1.1; P=0.029).

The mean time to ANC recovery was 9.3 days for the pegfilgrastim group
and 9.7 days for the filgrastim group (difference of —0.40 days; 95% CI, —
0.88 to 0.08; P value not reported).

Adverse event profiles in the pedfilgrastim and filgrastim groups were
similar.
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Study Design Sample Size
Stugyé;r;?elgrug and and Study End Points Results
Demographics Duration
and cardiac
function
Beveridge et al” DB, MC, RCT N=181 Primary: Primary:
Number of days to | The number of days to reach an ANC 1,000 cells/uL was significantly
Filgrastim 5 pg/kg SC Patients 218 years Mean reach an ANC fewer with filgrastim compared to sargramostim (4.50+0.13 vs 5.10+0.22
daily of age who duration of 1,000 and 1,500 days; P=0.009). Similarly, filgrastim was associated with fewer number of
developed treatment: cells/pL, number days to reach an ANC 1,500 cells/uL compared to sargramostim
Vs neutropenia within filgrastim, of febrile (4.60+0.14 vs 5.70£0.23 days; P=0.0001). There was no significant
four weeks of 4.60+0.14 neutropenic difference between the two treatment groups with regard to the number of
sargramostim 250 chemotherapy days; sargra- | episodes, duration | days to reach an ANC 500 cells/uL (3.60+0.16 vs 3.30+0.16 days;
pg/m2 SC daily regimen and had mostim, of hospitalization, P=0.32).
an ANC <500 5.70+0.23 duration of fever,
cells/uL days duration of IV There was no significant difference between filgrastim and sargramostim

antibiotic therapy,
number of
episodes of chills
or fever, number
of events of fever
in the morning,
evening and four
hours after
injection of CSF,
documented
positive bacterial
cultures, number
of events of sepsis
and adverse
events

Secondary:
Not reported

regarding the proportion of patients with hospitalizations for febrile
neutropenia or IV antibiotic therapy (6.3 and 7.8%, respectively; P=0.46).

Compared to filgrastim, sargramostim was associated with a shorter
duration of hospitalization (5.60+1.10 vs 4.80+0.58 days; P=0.58), fever
(3.60+£0.92 vs 1.60+0.60 days; P=0.14) and IV antibiotic therapy
(6.30+£1.3 vs 4.70+0.67 days; P value not reported).

Two patients (1.9%) in the filgrastim group and one patient (1.2%) from
the sargramostim group experienced chills (P=0.60).

There was no significant difference between filgrastim and sargramostim
with respect to the incidence of Grade 2 fever reported in the morning (10
and 9%, respectively; P=0.53), evening (13.7 and 11.0%, respectively;
P=0.41) and four hours after CSF injection (10.7 and 3.8%, respectively;
P=0.07).

Two patients receiving filgrastim and no patient receiving sargramostim
had documented positive blood cultures, indicating bacteremia (P value
not reported). However, the incidence of sepsis was not reported.

Both filgrastim and sargramostim were well-tolerated, and there was no
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Study Design Sample Size
Stugyé;r;?elzrug and _ and St'udy End Points Results
Demographics Duration
statistically significant difference between the two treatment groups with
regard to the incidence of adverse events.
Secondary:
Not reported
Beveridge et al”’ DB, MC, RCT N=144 Primary: Primary:
Tolerability, Both agents were well tolerated. There were no cases of grade 4 toxicity
Filgrastim 7 pug/kg daily | Patients 218 years 7 days hospitalization and | during the treatment period in patients receiving either sargramostim or
of age, use of IV filgrastim and no instances when either drug had to be discontinued
VS documented antibiotics because of toxicity (P values not reported).
malignancy and
sargramostim 300 ug an ECOG Secondary: Grade 1 fever (37.1 to 38.0°C) occurred in significantly more patients in
daily performance Not reported the filgrastim group (36 patients) compared to the sargramostim group
status grade 0 to 2 (16 patients; P<0.01). There were no statistically significant differences
Study drugs were and received between treatment groups in the incidence of local reactions or in the
administered starting cytotoxic incidence or severity of bone or joint pain, chills, nausea, vomiting,
one to two days after chemotherapy dyspnea or headache (P values not reported).
chemotherapy,
chemotherapy There were no significant differences between the filgrastim and
regimens were not sargramostim groups in days of hospitalization (4.0 vs 4.6 days,
specified in the respectively) and in days of IV antibiotic therapy (6.0 vs 4.4 days,
protocol. respectively) during the treatment period (P values not reported).
Secondary:
Not reported
Bohlius et al** MA of 13 PC, RCT N=2,607 Primary: Primary:

Filgrastim or
lenograstim™ =1
pg/kg/day IV or SC
or

sargramostim =1

Patients >16
years of age with
NHL or HD

Duration not
specified

Overall survival,
freedom from
treatment failure

Secondary:
Quality of life, risk
and duration of
neutropenia, risk

When compared to placebo, treatment with CSFs had no significant
effect on the overall survival (HR, 0.97; 95% ClI, 0.87 t01.09; P value not
reported) or freedom from treatment failure (HR, 1.11; 95% CI, 0.91
to1.35; P value not reported).

Sensitivity analyses were performed and showed that there was no
significant difference between G-CSF and GM-CSF in their effects on the
primary endpoints.
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Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

pg/kg/day IV or SC
Vs

placebo or no
treatment

All patients received G-
CSF or GM-CSF as
primary prophylaxis
during standard
nonmyeloablative
chemotherapy prior to
the onset of
neutropenia in the first-
or second-line
treatment of malignant
lymphoma.

G-CSF and GM-CSF
was given within 72
hours of chemotherapy
administration and in
each cycle of
chemotherapy.

and duration of
febrile
neutropenia,
infection, risk and
duration of IV
antibiotic
treatment,
hospitalization,
dose intensity of
chemotherapy,
mortality during
chemotherapy,
tumor response,
adverse effects of
CSFs, risk and
duration of
thrombocytopenia
and anemia

Secondary:
No difference in quality of life was detected between CSF and placebo.

Treatment with CSFs was associated with a 33% risk reduction in
developing neutropenia (RR, 0.67; 95% CI, 0.60 to 0.73; P value not
reported). There was a 26% risk reduction in developing febrile
neutropenia with an ANC <1x10°/L (RR, 0.74; 95% ClI, 0.62 10 0.89; P
value not reportedg and a 41% risk reduction in developing neutropenia
with ANC <0.5x10°/L (RR, 0.59; 95% Cl, 0.48 to 0.72; P value not
reported) with CSF compared to placebo. There was no significant
difference with respect to G-CSF compared to GM-CSF. There was no
conclusive evidence that CSFs reduce the duration of neutropenia or
febrile neutropenia.

The risk of developing an infection was also reduced by 26% in patients
receiving CSF compared to patients receiving placebo (RR, 0.74; 95%
Cl, 0.64 to 0.85; P value not reported). There was a non-significant risk
reduction in requiring 1V antibiotic treatment with CSF compared to
placebo (RR, 0.82; 95% CI, 0.57 to 1.18; P value not reported).

There was no conclusive evidence to detect the effect of CSF on the
duration of IV antibiotic treatment, hospitalization or dose intensity of
chemotherapy.

Between the two treatment groups, there was no difference in mortality
during chemotherapy (RR, 0.93; 95% ClI, 0.60 to 1.43; P value not
reported) or complete tumor response (RR, 1.03; 95% ClI, 0.95 to 1.10; P
value not reported).

Significantly more patients receiving CSF reported bone pain compared
to patients receiving placebo (RR, 3.57; 95% ClI, 2.09 to 6.12; P value not
reported). GM-CSF was associated with a smaller risk of bone pain
compared to G-CSF (P=0.026). Treatment with CSF did not increase the
risk of thromboembolic complications compared to placebo (RR, 1.29;
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Study Design Sample Size
Stugﬁ;ﬁegrug and _ and St'udy End Points Results
Demographics Duration
95% CI, 0.56 to 3.01; P value not reported).
There was no conclusive evidence showing that CSF treatment affects
incidence or degree of thrombocytopenia or anemia.
Heaney et al” CO, RETRO N=2,962 Primary: Primary:
Incidence of Sargramostim was associated with fewer infection-related
Sargramostim (dose Adult patients with Average infection-related hospitalizations compared to filgrastim (12 vs 26%, respectively;
not specified) cancer who had duration of | hospitalization, incidence rate ratio, 0.46; 95% CI, 0.22 to 0.97; P=0.0422) and
received treatment: associated costs pedfilgrastim (12 vs 24%; incidence rate ratio, 0.52; 95% ClI, 0.26 to 1.04;
VS chemotherapy and | filgrastim and | per patient per P=0.0628).
had at least two sargra- month
filgrastim (dose not doses of filgrastim mostin, 31 Comparison on febrile neutropenia-related hospitalizations was not
specified) or sargramostim days; peg- Secondary: performed due to low event rate in each treatment group.
or at least one filgrastim, 58 | Incidence of
or dose of days febrile The per-patient-per-month costs for sargramostim was 84% lower
pedfilgrastim; the neutropenia- compared to filgrastim ($138/patient/month vs $866/patient/month;
pedfilgrastim (dose not | most common related P=0.0380) and 62% lower compared to pegdfilgrastim ($138/patient/month
specified) types of hospitalization vs $365/patient/month; P=0.01).
malignancies were
breast cancer, Secondary:
lung cancer and Patients receiving sargramostim had fewer febrile-neutropenia-related
NHL; patients hospitalizations compared to filgrastim and pedfilgrastim, though the
receiving differences were not statistically significant. The incidence of
sargramostim hospitalizations was 5% for sargramostim, 8% for filgrastim (incidence
were matched 1:1 rate ratio to sargramostim, 0.58; 95% CI, 0.17 to 1.98; P=0.3837) and 6%
with patients for pedfilgrastim (incidence rate ratio, 0.85; 95% CI, 0.26 to 2.75;
receiving filgrastim P=0.0628).
and pedfilgrastim
based and gender
and age
Grigg et al** MC, OL, RCT N=50 Primary: Primary:
Duration of grade | The mean duration of grade 4 neutropenia in cycle one was shorter with
Filgrastim 5 pg/kg/day Subjects >60 6 cycles of | 4 neutropenia the patients who received cytokine (pedfilgrastim 60 ug/kg, 2.2+1.2 days;
SC from day 2 of each | years of age chemo- (ANC <0.5x109/L) pedfilgrastim 100 pg/kg, 1.5+1.0 days; filgrastim 0.8+1.2 days) compared
cycle until an ANC diagnosed with therapy in cycle one to the patients who received no cytokine in cycle one (mean 5.0+2.0
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Study Design Sample Size
Stugyé;r;?elgrug and and Study End Points Results
Demographics Duration
>10x10° cells/pL after NHL requiring days; P values not reported).
the expected nadir or treatment with Secondary:
for 14 days, whichever | standard CHOP Incidence of Secondary:
occurred first therapy, ECOG febrile The incidence of febrile neutropenia throughout the study was as follows:
performance neutropenia (ANC | four of 13 (31%) patients treated with pegfilgrastim 60 ug/kg who
VS status <2, an ANC <0.5x10° cells/uL | received a total of 68 cycles, zero of 13 patients treated with pegfilgrastim
z2x1OTceIIs/pL, and temperature 100 pg/kg who received a total of 62 cycles, one of 13 (8%) patients
no cytokine support in platelet count >38.2°C), the time | treated with filgrastim who received a total of 59 cycles and zero of nine
cycle 1 followed by >100x10°/L, to ANC recovery patients who did not receive cytokine (in cycle one only) who received a
filgrastim 5 yg/kg/day bilirubin (ANC >2.0x10° total of 43 cycles (P values not reported).
SC in all other cycles concentration cells/uL) in cycles
<2xupper limit of one, three and six | The median time to ANC recovery in cycles one, three and six was
VS normal, and and the ability to similar for the all the groups receiving cytokine support: pedfilgrastim 60
adequate renal deliver pa/kg, 11 days (10 to 14); pedfilgrastim 100 ug/kg, 10 days (nine to 12)
pedfilgrastim 60 ug/kg function planned dose of and filgrastim, 10 days (one to 20) (P values not reported).
on day 2 of each cycle chemotherapy on
time In cycles two to six, eight patients experienced a delay in the start of
VS chemotherapy of more than three days; no delays were related to
neutropenia. Full dose cyclophosphamide and doxorubicin was given in
pedfilgrastim 100 ug/kg 94%, 96% and 100% of cycles given to filgrastim, pegfilgrastim 60 ug/kg
on day 2 of each cycle and pedfilgrastim 100 pg/kg patients, respectively. One filgrastim patient
received reduced doses due to error and one pedfilgrastim 60 pg/kg
Subjects received patient received reduced doses following febrile episodes. In addition,
CHOP therapy seven patients had a reduction in vincristine dose due to neuropathy (P
repeated every three values not reported).
weeks for up to six
cycles provided ANC Pedfilgrastim was well tolerated with a safety profile similar to daily
>1x10° cells/uL, and filgrastim. Adverse events (WHO grade 1 to 4) were reported by 95% of
platelet count >100x10° filgrastim and 96% of pegfilgrastim patients (P value not reported).
units/L.
Holmes, Jones et al™ MC, RCT N=154 Primary: Primary:
Duration of grade | In cycle one, the mean duration of grade 4 neutropenia for filgrastim was
Filgrastim 5 pg/kg/day Woman >18 years 4 cycles of | 4 neutropenia 1.6 days compared to 2.7 days for pegdfilgrastim 30 ug/kg, two days for
SC from day 2 of each | of age diagnosed chemo- (ANC <0.5x10° pedfilgrastim 60 ug/kg, and 1.3 days for pegdfilgrastim 100 ug/kg (P
cycle until an ANC with high-risk therapy cells/L) in cycle values not reported).
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Stugyé;r;?elgrug and _ and St'udy End Points Results
Demographics Duration

>10x10/L after the stage Il, lll or IV one
expected nadir or for breast cancer, Secondary:
14 days, whichever ECOG Secondary: The duration of grade 4 neutropenia in cycles two through four ranged
occurred first performance Duration of grade | between zero and one day in 298% for pegfilgrastim 100 ug/kg,

status <2, WBC 4 neutropenia compared to 86% for pedfilgrastim 60 pg/kg and 292% for filgrastim (P
Vs count 34x109 during cycles two values not reported). Most patients in the pedfilgrastim 30 ug/kg group

cells/pL, platelet through four, ANC | were escalated to higher doses of pedfilgrastim in later cycles and these
pedfilgrastim 30 pg/kg count >1 50x10° profile, time to values were not reported.
SC on day 2 of each units/L, adequate ANC recovery
cycle renal, hepatic and (ANC >2x10° Pedfilgrastim 100 pg/kg had similar ANC profiles as filgrastim in each of

cardiac function cells/pL) after the cycles (P value not reported).
VS the expected ANC

nadir, and rate of The mean time to ANC recovery for cycle one was 11 days for
pedfilgrastim 60 ug/kg febrile neutropenia | pedfilgrastim 30 ug/kg and 10.3 days for 60 ug/kg, respectively,
SC on day 2 of each (ANC <0.5x10° compared to 9.5 days for pegfilgrastim 100 ug/kg and 9.4 days for
cycle cells/uL and filgrastim 5 ug/kg/day. The mean time to ANC recovery was significantly
temperature longer for pedfilgrastim 30 and 60 ug/kg/cycle but not the 100
VS >38.2°C) pg/kg/cycle, compared to filgrastim (P values not reported).
pedfilgrastim 100 ug/kg Febrile neutropenia was experienced at least once during the study by
SC on day 2 of each seven patients (12%) with pedfilgrastim 60 pg/kg, five patients (11%) with
cycle pegfilgrastim 100 pg/kg and two patients (12%) with filgrastim. There
were no significant differences demonstrated between the groups (P

Subjects received values not reported).
doxorubicin and
docetaxel The safety profiles of pedfilgrastim and filgrastim were similar.
chemotherapy
repeated every 3
weeks for up to 4
cycles provided ANC
>1x10° cells/uL, and
platelet count >100 x
10° units/L.
Green et al’* DB, MC, RCT N=157 Primary: Primary:

Duration of grade

There was no significant difference in the mean duration of grade 4
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Stugyé;r;?elgrug and and Study End Points Results
Demographics Duration
Filgrastim 5 pg/kg/day Subjects >18 4 cycles of | 4 neutropenia neutropenia in cycle one between the filgrastim group (1.6+£1.1 days) and
SC from day 2 of each | years of age chemo- (ANC <0.5x10° the pedfilgrastim group (1.8+1.4 days; difference of 0.23 days; 95% ClI, —
cycle until an ANC diagnosed with therapy cells/uL) in cycle 0.15 t0 0.63).
>1 0x10° cells/puL after high-risk stage Il one
the expected nadir or or stage IlI/IV Secondary:
for 14 days, whichever | breast cancer, Secondary: There were no significant differences demonstrated between treatment
occurred first ECOG Duration of grade | groups in the mean duration of grade 4 neutropenia in cycles two through
performance 4 neutropenia in four. Mean duration of grade 4 neutropenia in the filgrastim vs
VS status <2, each of cycles two | pedfilgrastim group was as follows: cycle two: 0.9+1.0 vs 1.1+1.2 days,
chemotherapy through four, respectively; difference of 0.13; 95% CI, —0.20 to 0.47; cycle three:
pedfilgrastim 6 mg SC naive or adjuvant depth of the ANC | 0.9+1.1 vs 1.1+1.2 days, respectively; difference of 0.16; 95% CI, —0.20
once on day 2 of each therapy only or nadir in each of to 0.51; cycle four: 1.0+1.3 vs 1.0+1.1 days, respectively; difference of
cycle only one cycles two through | 0.00 days; 95% CI, —0.39 to 0.39.
chemotherapy four, incidence of
Subjects received regimen for febrile The median ANC nadir was significantly different between the two
doxorubicin and metastatic neutropenia, time | treatment groups (P value not reported).
docetaxel disease, an ANC to neutrophil
chemotherapy >1.5x10° cells/pL, recovery (ANC The incidence of febrile neutropenia was not statistically significant
repeated every 3 platelet count >2x10° cells/pL), between the filgrastim (10 [13%] patients) group and the pedfilgrastim
weeks for up to 4 >100x10° units/L, incidence of IV group (15 patients [20%]; difference of —7%; 95% CI, —19 to 5).
cycles provided ANC and a serum antibiotic
>1x10° cells/pL, and creatinine <1.5 administration and | The median time to neutrophil recovery in all cycles was nine days from
platelet count >100x1 0° | times upper limit hospitalization the day of chemotherapy administration for both the pegfilgrastim group
units/L. of normal and the filgrastim group (P values not reported).
Rates of IV antibiotic administration (21 and 17%) and hospitalizations
(31 and 18%) for the filgrastim and pedfilgrastim groups, respectively,
were generally consistent with the results obtained for the incidence of
febrile neutropenia (P values not reported).
The safety profile of pedfilgrastim, assessed by adverse events, antibody
formation and changes in laboratory values, was similar to that of
filgrastim.
Vose et al” MC, OL, RCT N=66 Primary: Primary:

Duration of grade

There was no significant difference in the duration of grade 4 neutropenia
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Demographics Duration

Filgrastim 5 pg/kg/day Subjects >18 4 cycles of | 4 neutropenia in cycle one between the filgrastim group (68%) and the pedfilgrastim
SC starting on day 6, 1 | years of age with chemo- (ANC <0.5x10° group (69%).
day after completion of | an ECOG therapy cells/uL) in cycle
chemotherapy and performance one Secondary:
given until ANC status <2, an ANC The mean duration of grade 4 neutropenia was not significantly different
>10x10° cells/uL >1.5x10° cells/pL, Secondary: between the filgrastim group (0.6 days) and pedfilgrastim group (0.4
postnadir or for 12 platelet count Duration of grade | days; difference of —0.14; 95% CI, —0.73 to 0.44).
days, whichever came | >100x1 0° cells/pL, 4 neutropenia in
first and adequate subsequent The geometric mean ANC nadir was 0.208x1 0° cells/pL for the filgrastim

renal function who cycles, group and 0.161x10° cells/uL for the pedfilgrastim group (95% Cl, 0.326
VS were diagnosed ANC profiles, time | to 1.839; P value not reported).

with relapsed or to ANC recovery,
pedfilgrastim 100 ug/kg | persistent HD and and rates of febrile | The median time to ANC recovery was not significantly different between
SC once on day 6, one | had treatment neutropenia the filgrastim group (15 days) and pedfilgrastim group (16 days; 95% ClI,
day after completion of | failure from >1 (ANC <0.5x10° —-0.84 to 3.07).
chemotherapy, of each | prior cells/uL and
cycle chemotherapy temperature > The rates of febrile neutropenia was not significantly different between

regimen or a 38.2°C) for cycles | the filgrastim group (19%) and pedfilgrastim group (21%; difference of
Chemotherapy diagnosis of NHL one and two 1.3%; 95% CI, —19.4 to0 22.0).
consisted of etoposide, | and relapsed from
methylprednisolone, or were refractory Reported side effects were similar between the two treatment groups.
cisplatin and cytarabine | to first-line CHOP
and repeated every chemotherapy
three weeks.
Staber et al*® T N=54 Primary: Primary:

Duration of grade | The mean duration of grade 4 neutropenia was significantly shorter in the

Filgrastim 5 pg/kg/day Subjects with Duration not | 4 neutropenia pedfilgrastim group (8.3 days [8 to 14]) compared to the filgrastim group
SC from day 7 after hematological specified (ANC <0.5x10° (9.5 days [5 to 14]; P=0.047).
transplantation until malignancies, an cells/uL)
ANC >10x10° cells/uL ECOG Secondary:

performance Secondary: There was no significant difference in the incidence of febrile neutropenia
VS status <2 and Incidence of between the filgrastim group (23 patients [77%]) compared to the

normal cardiac, febrile neutropenia | pedfilgrastim group (24 patients [80%]; P value not reported).
pedfilgrastim 6 mg SC pulmonary, (ANC <0.5x10°
once on day 5 after hepatic and renal cells/uL and The mean duration of febrile neutropenia was significantly shorter in the
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Demographics Duration
transplantation function prior to temperature pedfilgrastim group (1.6 days [zero to five]) compared to the filgrastim
transplantation >38.2°C), duration | group (3.0 days [zero to nine]; P=0.017).
PBSCT was performed of febrile
on day 0 with neutropenia, The mean duration of fever was significantly shorter in the pedfilgrastim
unmanipulated duration of fever group (1.73 days [zero to five]) compared to the filgrastim group (4.1 days
peripheral blood stem and incidence of [zero to 16]; P=0.003).
cells that were documented
harvested using infections The incidence of documented infections was significantly less in the
cyclophosphamide and pedfilgrastim group (eight patients [26%]) compared to the filgrastim
G-CSF before the start group (17 patients [56%]; P=0.02).
of the study.
Bone pain was the only adverse event considered cytokine related and
was reported in six patients (20%) in the pegdfilgrastim group and seven
patients (23%) in the filgrastim group (P value not reported).
Milkovich et al*” MC, RETRO, XO N=490 Primary: Primary:
Frequency and Significantly more episodes of fever >100.4°F occurred in the
Filgrastim Subjects >18 12 months severity of sargramostim group (57 cycles [9%]) compared to the filgrastim group
years of age who adverse (39 cycles [4%]; P<0.001).
VS received events and the
chemotherapy for frequency of Although skeletal muscle pain was the most frequently reported adverse
sargramostim a lung, breast, switching to the event, there was no significant difference between the filgrastim group

Dosages of the
medications were at
the discretion of the
investigator.

Mean doses were 369
Mg (5.5 ug/kg) for
filgrastim and 474 ug
(6.9

pa/kg) for
sargramostim.

lymphatic system
or ovarian tumor

alternative CSF

Secondary:
Not reported

and the sargramostim group (11 vs 8%; P=0.06).

Several adverse events occurred significantly more frequently in the
sargramostim group compared to the filgrastim group: fatigue (4 vs 2%;
P<0.05), diarrhea (3 vs 2%; P<0.05), injection site reaction (6 vs <1%;
P<0.01), other dermatologic disorders (3 vs <1%; P<0.01) and edema (2
vs <1%; P<0.01).

Significantly more patients switched from sargramostim to filgrastim (74
patients [29%]) compared to the number of patients who switched from
filgrastim to sargramostim (two patients [1%]; P<0.001). The most
common reason for switching from sargramostim to filgrastim was due to
an adverse event (45 patients [18%]) compared to zero patients who
switched from filgrastim to sargramostim (P<0.001).
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Secondary:
Not reported
del Giglio et al*® AC, MC, PC, RCT N=348 Primary: Primary:
Duration of severe | Duration of severe neutropenia in the per-protocol groups were 1.1 days
Tbo-filgrastim(XM02) 5 | Patients 218 years One cycle neutropenia in for both the tbo-filgrastim and filgrastim groups and 3.9 days for the
pg/kg/day daily for five | of age with breast (primary cycle one placebo group. When compared to placebo, tbo-filgrastim provided a
to 14 days cancer high risk endpoint) statistically significant improvement in duration of severe neutropenia (no
stage II, lll, or IV, Secondary: P value reported). When compared to filgrastim, tbo-filgrastim was
VS planned treatment Four cycles | Duration of severe | considered equivalent with a least square mean difference of 0.028 (95%
with docetaxel and (other neutropenia in Cl, -0.262 to 0.325).
filgrastim 5 yg/kg/day doxorubicin, endpoints) cycles two to four,
daily for five to 14 days | chemotherapy- incidence of Secondary:
naive, Eastern observed and The mean duration of severe neutropenia in cycles two to four were
VS Cooperative protocol febrile similar in all treatment groups. Mean duration was 0.7, 0.7, and 0.5 days
Oncology Group neutropenia by all | in cycle two, 0.6, 0.7, and 0.6 days in cycle three, and 0.7, 0.7, and 0.6
placebo performance cycles and across | days in cycle four in the tbo-filgrastim, filgrastim, and placebo/tbo-

Patients who received
placebo were switched
to tbo-filgrastim
therapy after cycle one.

All patients underwent
a maximum of four
cycles of chemotherapy
(doxorubicin 60 mg/m2
and docetaxel 75
mg/m2)

status < 2, an
ANC 21.5 x 10°/L,
platelet count
2100 x 10%/L, and
adequate cardiac,
hepatic and renal
function

all cycles, depth of
ANC nadir in
cycles one to four,
and time to ANC
recovery in cycles
one to four

filgrastim group (treated with tbo-filgrastim in cycles two to four),
respectively.

In cycle one, the incidence of observed or protocol defined febrile
neutropenia was numerically lower in the tbo-filgrastim and filgrastim
groups (12.1% and 12.5%, respectively) compared to the placebo group
(36.1%); however, there were no significant differences with regard to
febrile neutropenia incidence between the tbo-filgrastim and filgrastim
groups neither in cycle one nor across all cycles.

In cycle one in the placebo group, mean ANC values decreased after day
two and reached a nadir on day 11, whereas in the tbo-filgrastim and
filgrastim groups, mean values increased, reaching a maximum on day
three, and then decreased to a nadir on day seven. Thereafter, mean
values in the active treatment groups distinctly increased again, reaching
a maximum on day 11. On day 21, mean values returned to values as
observed on day one in all treatment groups. In the subsequent cycles,
all treatment groups demonstrated the same trends as for tbo-filgrastim
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and filgrastim in cycle one.

In cycle one, the mean ANC nadir was deeper in the placebo group (0.2 x
10°%/L) compared to tbo-filgrastim and filgrastim groups (0.7 x 109/L). In
cycles two, three, and four, the mean ANC nadir was not as deep as in
cycle one and was similar across treatment groups with a mean value of
approximately 1.0 x 109/L.

In cycle one, the median time to ANC recovery was shorter in the tbo-
filgrastim and filgrastim groups (8.0 and 8.0 days) compared to the
placebo group (15.0 days). In cycles two, three, and four, the time to ANC
recovery was similar in all treatment groups with a median of 8.0 days.

Engert et al*

Tbo-filgrastim(XM02) 5
pg/kg/day daily for five
to 14 days

Vs

filgrastim 5 ug/kg/day
daily for five to 14 days

Patients that received
filgrastim were
switched to tbo-
filgrastim therapy in
subsequent cycles.

AC, MC, PC, RCT

Patients 218 years
of age with
aggressive non-
Hodgkin’s
lymphoma,
planned/eligible to
receive the CHOP
regimen as routine
chemotherapy,
were
chemotherapy-
naive, had a life-
expectancy of at
least six months,
had an IPI score
3, ANC 1.5 x
109/L, platelet
count 100x109/L,
and adequate
hepatic, cardiac,
and renal function

N=92

Six cycles

Primary:

Duration of severe
neutropenia in
cycles one and
four, incidence of
observed and
protocol defined
febrile neutropenia
by cycle and
across all cycles,
depth of ANC
nadir in cycles one
and four and time
to ANC recovery
in cycles one and
four

Secondary:
Not reported

Primary:

Mean duration of severe neutropenia was 0.5 and 0.9 days in cycle one
for tbo-filgrastim and filgrastim, respectively, and 0.2 and 0.7 days in
cycle four after the switch from filgrastim to tbo-filgrastim in the reference
group. The estimated treatment difference was -0.378 days (95% Cl, -
0.837 to 0.081, P=0.1055).

In cycle one, incidences of observed or protocol defined febrile
neutropenia were 11.1% for tbo-filgrastim group and 20.7% for filgrastim
group (P=0.1232). Across all cycles, the incidence of observed or
protocol defined febrile neutropenia was 31.7% and 41.4% in the tbo-
filgrastim and filgrastim/tbo-filgrastim groups, respectively (P=0.2094).

In cycle one in both treatment groups, mean ANC values increased after
day two, reaching a maximum on day four and then decreased to a nadir
on day nine. Thereafter, mean values increased again, reaching a
maximum on day 11. On day 21, mean values approached those
observed on day 1 in both treatment groups. The ANC profile was similar
in cycles two to six.

In cycle one, mean ANC nadir values were 1.7 x 109/L in the tbo-
filgrastim group and 1.1 x 109/L in the filgrastim group. In cycle four, after
switch from filgrastim to tbo-filgrastim, mean ANC nadir values were 2.1 x
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109/L and 1.8 x 109/L in the tbo-filgrastim and filgrastim/tbo-filgrastim
groups, respectively.

In cycle one, mean time to ANC recovery was 6.0 days in the tbo-
filgrastim group and 6.7 days in the filgrastim group. In cycle four, after
switch from filgrastim to tbo-filgrastim in the reference group, mean time
to ANC recovery was 4.9 days and 6.1 days in the tbo-filgrastim and
filgrastim tbo-filgrastim groups, respectively.

Secondary:
Not reported

Gatzemeir et al™

Tbo-filgrastim(XM02) 5
pg/kg/day daily for five
to 14 days

Vs

filgrastim 5 ug/kg/day
daily for five to 14 days

Patients that received
filgrastim were
switched to tbo-
filgrastim therapy in
subsequent cycles.

AC, MC, PC, RCT

Patients 218 years
of age with small
cell or non-small
cell lung cancer
planned/eligible to
receive a
platinum-based
myelosuppressive
chemotherapy,
were
chemotherapy-
naive or had
received no more
than one previous
chemotherapy
regimen, had
Eastern
Cooperative
Oncology Group
performance
status 2, an ANC

N=240

Six cycles

Primary:

Duration of severe
neutropenia in
cycles one and
four, the incidence
of observed or
protocol defined
febrile neutropenia
by cycle and
across all cycles,
the depth of ANC
nadir in cycles one
and four, and the
time to ANC
recovery in cycles
one and four

Secondary:
Not reported

Primary:

Mean duration of severe neutropenia was 0.5 and 0.3 days in cycle one
for tbo-filgrastim and filgrastim groups, respectively, and 0.4 and 0.3 days
in cycle four after the switch from filgrastim to tbo-filgrastim in the
reference group. In the analysis of covariance for duration of severe
neutropenia in cycle one, the estimated treatment difference was 0.157
days (95% CI, -0.114 to 0.428, no P value reported).

In cycle one, incidences of observed or protocol defined febrile
neutropenia were 15.0% for the tbo-filgrastim group and 8.8% for
filgrastim group (P=0.2347), and in cycle four, after switch from filgrastim
to tbo-filgrastim in the reference group, incidences were 4.3% and 3.3%,
respectively (P=0.9036). Across all cycles, the incidence of observed or
protocol defined febrile neutropenia was 33.1% and 23.8% in the tbo-
filgrastim and filgrastim/tbo-filgrastim groups, respectively.

In cycle one in both treatment groups, mean ANC values increased after
day two, reaching a maximum on day five and then decreased to a nadir
on day 11 (day 12 for filgrastim group). Thereafter, mean values
increased again, reaching a maximum on day 14. On day 21, mean
values approached those observed on day one in both treatment groups.
The ANC profile was similar in cycles 2 to 6.
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1.5 x 109/L, In cycle one, mean ANC nadir values were 2.1 x 109/L in the tbo-
platelet count 100 filgrastim group and 2.9 x 109/L in the filgrastim group. In cycle four, after
x 109/L, and switch from filgrastim to tbo-filgrastim in the reference group, mean ANC

adequate hepatic,
cardiac, and renal
function

nadir values were 2.3 x 109/L and 3.2 x 109/L in the tbo-filgrastim and
filgrastim/tbo-filgrastim groups, respectively.

In cycle one, mean time to ANC recovery was 6.3 days in the tbo-
filgrastim group and 4.5 days in the filgrastim group. In cycle four, after
switch from filgrastim to tbo-filgrastim in the reference group, mean time
to ANC recovery was 6.4 days and 4.5 days in the tbo-filgrastim and
filgrastim/tbo-filgrastim groups, respectively.

Secondary:
Not reported

Acceleration of Myeloid

Recovery in Patients with Non-Hodgkin’s Lymphoma,

Autologous Bone Marrow Transplant

Acute Lymphocytic Leukemia and Hodgkin’s Disease Undergoing

Nemunaitis et al*°

Sargramostim 250

ug/m?/day IV beginning

within four hours of

bone marrow reinfusion

and continuing for 21
days

Vs
placebo

Preparative regimens
used before

transplantation differed
among the participating

institutions.

DB, MC, PC, RCT

Patients with
relapsed NHL, HD
and ALL who were
undergoing an
autologous BMT

N=128

100 days

Primary:
Neutrophil
recovery (ANC
>500x10° cells/L)

Secondary:
Infections,
duration of IV
antibiotics,
duration of
hospitalization

Primary:

The patients in the sargramostim group had a significantly shorter time to
ANC recovery compared to the patients in the placebo group (19 vs 26
days, respectively; P<0.001).

Secondary:

The patients in the sargramostim group had significantly fewer non-
streptococcal infections compared to the patients in the placebo group
(P<0.004).

The patients in the sargramostim group had a significantly shorter
duration of IV antibiotic use compared to the patients in the placebo
group (24 vs 27 days, respectively; P=0.009).

The patients in the sargramostim group had a significantly shorter
duration of hospitalization compared to the patients in the placebo group
(27 vs 33 days, respectively; P=0.01).

There were no significant differences in incidence and duration of fever,
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frequency of other side effects or 100-day survival rate between the two

groups.
Lazarus et al*’ MC N=16 Primary: Primary:

Neutrophil Neutrophil recovery was significantly faster in the rhGM-CSF group (14

RhGM-CSF 11 Patients 15 to 60 Duration not | recovery (ANC days [9 to 30 days]) compared to the control group (20 days [12 to 51
pg/kg/day IV beginning | years of age with specified >500 cells/mm?®), days]; P=0.00002).
three hours after histologically time to self-
completion of confirmed NHL in sustaining platelet | Time to self-sustaining platelet count >20,000 units/pL was not
marrow infusion then relapse count >20,000 significantly different between the rhGM-CSF group (23.5 days [12 to 100
daily thereafter over units/pL, toxicity, days]) and the control group (26 days [7 to 149]; P=0.38).
four hours until either hematopoietic
recovery of both reconstitution Toxicities encountered were mild and included fever, chills, hypertension,
neutrophil count alopecia, rash, diarrhea, stomatitis, myalgias and synovial (knee)
(>1,500 cells/uL) and Secondary: effusions.
platelet count (>50,000 Not reported
units/uL, untransfused) All patients showed early regeneration of hematopoietic precursors in the
occurred, or CSF bone marrow between days 10 and 22 after transplantation and
therapy was increased in proportion to peripheral blood counts, but by 30 to 60 days
administered for a total still remained much lower than before transplant.
of 30 days

Neutrophils transiently decreased in 13 of 16 patients (median decrease,
Vs 42%) within 24 to 72 hours of discontinuing rhGM-CSF infusions.
historical control group Secondary:

Not reported
Treatment consisted of
involved-field
radiotherapy,
cyclophosphamide 60
mg/kg/day IV for two
days, fractionated total
body irradiation and
autologous BMT.
Rabinowe et al*® ES N=128 Primary: Primary:

Long-term There were no significant differences between the sargramostim group
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Sargramostim 250 Patients with 36 months toxicities, clinical and the placebo group in disease-free survival (P=0.58) or in overall

ug/m?/day IV beginning
within four hours of
bone marrow reinfusion
and continuing for 21
days

VS
placebo

Patients originally
participated in an
efficacy study
conducted by
Nemunaitis et al.?®

relapsed NHL, HD
and ALL who
underwent an
autologous BMT

variables likely to
predict for the
speed of
neutrophil
engraftment and
the independent
predictive effect of
sargramostim on
neutrophil
recovery

Secondary:
Not reported

survival (P=0.55).

Those patients with the diagnosis of HD demonstrated delayed neutrophil
recovery to both an ANC >100 and >500 cells/uL (P=0.07) in comparison
to patients with NHL or leukemia.

Patients with HD and previous exposure to stem cell depleting agents
experienced a significant delay in neutrophil recovery to an ANC of
>500/uL (P=0.0008).

Sargramostim accelerated neutrophil recovery following marrow infusion
regardless of disease type (P=0.0011), previous exposure to agents that
deplete stem cells (P=0.0028), prior number of drugs (P=0.0035),
radiotherapy exposure (P=0.0024), marrow purging (P=0.0028), type of
preparative regimen (P=0.0023) or relapse status at autologous BMT
(P=0.0031).

Secondary:
Not reported

Acceleration of Myeloid
Donors

Recovery in Patients Undergoing Allogeneic Bone Marrow Transplant from Human Leukocyte Antigen-Matched Related

Nemunaitis et al”

Sargramostim 250
ug/m?/day by 4-hour
infusion starting on the
day of marrow infusion
and continuing to day
20

VS

placebo

DB, MC, PC, RCT

Patients of all
ages and of either
sex undergoing
HLA-identical
sibling BMT for
hematologic
malignancy

N=109

1 year

Primary:

Time to myeloid
engraftment (ANC
>500 cells/mm?),
time to ANC
>1,000/mm?®,
median days of
hospitalization

Secondary:

Rate of infections,
rate of
bacteremia, rate

Primary:

The median time to myeloid engraftment was significantly less in the
sargramostim group (13 days) compared to the placebo group (17 days;
P=0.0001).

The median time to ANC >1,000/mm?® was significantly less in the
sargramostim group (14 days) compared to the placebo group (19 days;
P=0.0001).

The median days of hospitalization was significantly less in the
sargramostim group (25 days) compared to the placebo group (26 days;
P=0.02).
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End Points

Results

All patients received
HLA-identical sibling
marrow and
cyclosporine and
prednisone for GVHD
prophylaxis.

of grade 3 or 4
mucositis

Secondary:
The rate of infections was significantly less in the sargramostim group (34
patients) compared to the placebo group (51 patients; P=0.001).

The rate of bacteremia was significantly less in the sargramostim group (9
patients) compared to the placebo group (19 patients; P=0.043).

The rate of grade 3/4 mucositis was significantly less in the sargramostim
group (four patients) compared to the placebo group (16 patients;
P=0.005).

There were no significant differences between the two groups in platelet
recovery, erythrocyte recovery, and incidence of veno-occlusive disease,
GVHD severity, relapse or survival.

Chronic Administration
Neutropenia

to Reduce Incidenc

e and Duration

of Sequelae of Neut

ropenia in Symptomatic Patients with Congenital, Cyclic or Idiopathic

Bernini et al”’

RhG-CSF 5 ug/kg SC
once daily until ANC
>1.5x10° cells/L

The rhG-CSF dosage,
interval and amount
were then increased
and decreased,
respectively, in an
alternating fashion until
the lowest rhG-CSF
dose that would
maintain the ANC
>1x10° cells/L was
reached.

T

Children with
symptomatic
chronic idiopathic
neutropenia with
an ANC <0.5x10°
cells/L
documented
repeatedly (and
confirmed as not
varying in a
cyclic fashion) for
less than six
months, >12
infections

that required
antibiotic therapy
within the previous

N=6

Mean of 14
months

Primary:
Neutrophil
response, clinical
response,
complications,
expense
comparison

Secondary:
Not reported

Primary:
RhG-CSF 5 ug/kg daily resulted in a mean 44-fold increase (25- to 143-
fold increase) in the ANC by the end of the first week of treatment.

At 14 months, the minimal rhG-CSF dose requirements ranged from 1
pg/kg once weekly to 5 ug/kg every other day to maintain an ANC >1x10°
cells/L, but all patients were able to maintain this goal.

A significant reduction in the incidence of infections was observed after
the initiation of rhG-CSF therapy (P<0.001).

A significant reduction in number of days of antibiotic therapy and number
of clinical visits was observed after the initiation of rhG-CSF therapy
(P<0.001 for both).

Low-dose rhG-CSF therapy was well tolerated and no side effects were
noted.

Although not statistically significant, treatment with the lowest effective
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Stugyé;r;?elgrug and _ and St'udy End Points Results

Demographics Duration
12 months, use of dose of rhG-CSF demonstrated a total mean annual expense of $4,337
prophylactic compared to the expense of $12,074 annually prior to rhG-CSF treatment
antibiotics to (P=0.09).
prevent recurrent The mean annual savings per patient was $12,000 ($5,124 to $23,406).
infections, one or
more life- Secondary:
threatening Not reported
infections or any
combination of
these factors, no
underlying
conditions and
availability of
medical records

Welte et al*' T N=5 Primary: Primary:
Effects of rhGM- Treatment with rhGM-CSF increased the ANC count in only one of the

RhGM-CSF 3 to 30
pg/kg/day 1V for 42

days and subsequently,

one to three months

later, rhG-CSF 3 to 15
pg/kg/day SC for 142

days

All patients were

started on 3 ug/kg/day;

if no response was

seen after 14 days, the
dose was increased to
the next dose level for

14 days.

Patients >1 month
old with a
diagnosis of
severe congenital
neutropenia,
normal kidney and
liver function as
judged by
creatinine,
bilirubin,
transaminases
and

coagulation
function, normal
electrocardiogram,
not on

Duration not
specified

CSF and rhG-CSF
on blood cells,
maintenance
therapy, bone
marrow, clinical
responses, side
effects of
treatment

Secondary:
Not reported

five patients in the study (up to 10,296/uL [oscillated between 1,000 and
6,000 cells/pL]). In four patients, the absolute eosinophil count increased
from values below 1,000 cells/uL to 3,200 to 5,700 cells/uL. AMC
increased two to six fold in four of the five patients as well. Other blood
cells such as erythrocytes, platelets or lymphocytes did not change
significantly during rhGM-CSF treatment (P values not reported).

Treatment with rhG-CSF increased ANC levels to >1,000 cells/uL in all
five patients. The absolute eosinophil count was not significantly
augmented in all patients (one patient increased fivefold from baseline
[oscillation between 100 and 800 cells/uL]). AMC increased two to eight
fold in three of the five patients.

Four of the five patients maintained an ANC count >1,000 cells/uL during
days 43 to 142 of rhG-CSF therapy.

If after 14 days at the experimental The number of promyelocytes before and during rhGM-CSF treatment did
maximal dose no therapy, not change significantly in four patients. Two patients in the rhG-CSF
response was chemotherapy, showed increases in promyelocytes (2 to 12% and 9 to 12%).
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and
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and Study
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End Points

Results

observed (no increase
in ANC), the therapy
was discontinued.

All patients also
received prophylactic
antibiotic therapy with
co-trimoxazal,
amoxicillin, rifampicin
or flucloxacillin.

hormonal therapy
or
immunotherapy,
absence of
serious infections
uncontrolled on
antibiotic therapy
or requiring white
cell transfusion,
and absence of
anti-neutrophil
antibodies

All patients’ experienced recurrent bacterial and fungal infections prior to
rhGM-CSF therapy, and after therapy, no new episodes of severe
bacterial infections occurred. Two patients had resolved their infections,
one patient had no change and one patient developed Staphylococcus
aureus induced paronychia. The one patient who had no change in their
infection with rhGM-CSF therapy had their infection resolved within six
weeks of rhG-CSF therapy. The other four patients did not experience
any bacterial infections during rhG-CSF therapy.

Both rhGM-CSF and rhG-CSF were tolerated well by all patients. During
the highest dose level of rhGM-CSF treatment (30 ug/kg/day), a mild
local phlebitis at the infusion site was observed in all patients. The only
serious side effect occurred with rhG-CSF treatment in one patient who
suffered from a cutaneous necrotizing vasculitis on both lower legs which
resolved with a lowering of the dose.

One patient had an increase in serum alkaline phosphatase from 285 U/L
before rhG-CSF therapy to 441 units/L after rhG-CSF therapy. The other
four patients had no change. Liver and renal functions remained normal.

Secondary:
Not reported

Delayed or Failed Engraftment in Patients Undergone Allogeneic or Autologou

s Bone Marrow Transplant

Weisdorf et al*’

Sargramostim 250
ug/m?/day SC for 14
days

VS
sargramostim 250

ug/m?/day SC for 7
days followed by

RCT

Subjects with graft
failure after BMT
(failure to achieve
a leukocyte count
of >100 cells/uL
by day 21 after
transplantation,
failure to achieve
a leukocyte count

N=47

Duration not
specified

Primary:
Development of a
sustained ANC
>500 cells/pL for
three consecutive
days

Secondary:
Recovery of red
cells and platelets
to

Primary:

There was no significant difference in development of a sustained ANC
>500 cells/pL for three consecutive days between the sargramostim
alone group (eight days [two to 61]) and the sequential treatment group
(six days [one to 36]; P=0.39).

Secondary:

There was no significant difference in recovery of red cells to transfusion-
independence between the sargramostim alone group (30 days [six to
124]) and the sequential treatment group (42 days [11 to 250]; P=0.24).
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Stugyé;r;?elgrug and _ and St'udy End Points Results
Demographics Duration
filgrastim 5 yg/kg/day >300 cells/uL or transfusion- There was no significant difference in recovery of platelets to transfusion-
SC for 7 days an ANC >200 independence, independence between the sargramostim alone group (28 days [6 to
cells/uL by day adverse reactions | 127]) and the sequential treatment group (42 days [four to 249]; P=0.38).
28; or failure to to cytokine
maintain infusions and 100- | No significant adverse reactions (e.g., fevers, rash, serositis, bone pain)
a mean ANC >500 day survival led to discontinuation of either treatments. GVHD was similarly frequent
cells/uL for 7 days in both treatment arms (P values not reported).
after having
previously Significantly fewer patients died in the sargramostim alone group (one of
achieved an ANC 23 patients) compared to the sequential treatment group (seven of 24
>500 cells/uL at patients; P=0.026).
any time beyond
day 28
Nemunams Singer et DE N=37 Primary: Primary:

al*?

RhGM-CSF 60 to 1,000
ug/m?/day as a single
two-hour IV infusion
daily for 14 or 21 days

A second course at
twice the dose of the
first course was
allowed if after two
weeks from the
treatment course, the
ANC remained
<0.500x10° cells/uL
and there was no life-
threatening toxicity
from the rhGM-CSF
and no evidence of
leukemic relapse.

Patients with
malignancy or
aplastic anemia
who underwent
allogeneic,
autologous or
syngeneic BMT
and
subsequently
developed graft
failure

Duration not
specified

Patient response
(ANC > >500x10°
cells/uL within 14
days of starting
the final course of
rhGM-CSF) by
type of BMT,
effect on infection,
effects on GVHD,
toxicities and
survival

Secondary:
Not reported

Nine of 15 pat|ents who underwent an allogeneic BMT increased their
ANC to >0.500x10° cells/uL within 14 days of starting rhGM-CSF. Six
patients did not respond to therapy.

The mean ANC value in the allogeneic BMT subgroup increased from
0.153+0.140x10° cells/pL (zero to 0. 360x10 cells/pL) at the start of
treatment to a mean of 2.545+3. 944x10° cells/uL (zero to 11. 970x10°
cells/pL) on the last day of the final course (P=0.03).

Eleven of the 21 autolo%ous and one syngeneic BMT patient increased
their ANC to >0.500x10" cells/uL within 14 days of starting rhGM-CSF.
Ten patients did not respond to therapy.

The mean ANC value in the autologous or syngeneic BMT group
increased from 0.104+0. 130x10 cells/yL (zero to 0. 472x10 /L) at start of
treatment to 0.964+1.010x10° cells/uL (zero to 4. 190x10° ceIIs/pL) on the
last day of the final course of rhGM-CSF (P=0.00047).

Fevers (temperature >38°C) were present in 13 of 15 allogeneic BMT
patients before treatment with rhGM-CSF. Five patients had bacteremia
or fungemia, two had viral infections, and one had liver, spleen, and brain
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A maximum of three
courses of rhGM-CSF
was administered to
each patient.

abscesses.

Fever was present in 16 of 22 autologous and syngeneic BMT patients
before treatment with rhGM-CSF. Five of the 22 patients had bacteremia
or fungemia, three had pneumonia and one had a cellulitis.

Three patients had graft rejection (only host cells in circulation), two of
which responded to rhGM-CSF therapy with recovery of host
hematopoiesis. Four patients had only donor hematopoietic cells
detected at the time of treatment and all responded to rhGM-CSF. Prior
to initiating rhGM-CSF therapy, seven patients had evidence of grade | or
Il GVHD and none had a GVHD exacerbation.

Of the seven patients who received chemically purged autologous
marrow, none responded to rhGM-CSF therapy.

The four autologous BMT recipients who were administered doses of
rhGM-CSF >500 pg/mzlday developed myalgias and bone pain during the
infusion which resolved within two hours after completion of the rhGM-
CSF infusion. At doses <250 pg/m?/day, toxicity thought to be associated
with rhGM-CSF was observed in one patient who developed sternal and
joint pain. In addition, bilirubin increased in three patients and diminished
in two others.

Overall, 19 patients remained alive after follow-up. The actuarial survival
of the 37 patients 100 days and one year after the day they received
rhGM-CSF was 59% (95% Cl, 44 to 75) and 50% (95% ClI, 36 to 60),
respectively. Three of the nine allogeneic BMT patients who responded to
rhGM-CSF and four of the 12 responders after autologous BMT died.

Secondary:
Not reported

Mobilization of Hemato

oietic Progenitor Cells into Peripheral Blood Collection by Leukapheresis

Putkonen et al*

HC, RETRO

N=114

Primary:
Blood CD34+ cell

Primary:
The median blood CD34+ cell count at the onset of leukapheresis was
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Filgrastim 5 pg/kg/day Patients with Median count at the onset | comparable between the filgrastim and pegfilgrastim groups (79x10°
SC starting on day 2 lymphoproliferativ duration to of leukapheresis cells/uL [10 to 390x106/L] vs 64x10° cells/uL [17 to 805x106/L],
post-myeloablative e malignancies leuk- respectively; P=0.44).
therapy until the end of | (multiple apheresis Secondary:
leukapheresis myeloma, onset was 10 | Not reported The median onset of leukapheresis was similar between the two
lymphomas and days (10 to treatment groups (10 days for both [10 to 18 days for both]; P=0.75).
VS chronic 18 days)
lymphocytic Fifty-three percent of patients in the pedfilgrastim group obtained target
pedfilgrastim 6 to 18 leukemia) yield of CD34+ cells following one leukapheresis cycle, compared to 36%
mg once on day 2 post- | requiring stem cell of patients in the filgrastim group (P value not reported).
myeloablative therapy mobilization prior
to APBSCT and Secondary:
who had Not reported
successful
mobilization with
pedfilgrastim
Weaver et al™* MC, OL, RCT N=156 Primary: Primary:
CD34+ cell yields, | Significantly greater CD34+ cells were harvested in the filgrastim alone
Filgrastim 5 pg/kg/day Subjects with Duration not | hematological group (7.1 cells/kg/apheresis [0.03 to 27.00]) and in the sequential dosing
SC until PBSC multiple myeloma, specified recovery, group (5.5 cells/kg/apheresis [0.12 to 48.00]) compared to the
harvests were breast cancer or morbidity sargramostim group (2.0 cells/kg/apheresis [0.01 to 31.00]; P=0.0001
completed lymphoma and resource and P=0.0002, respectively).
utilization
VS ANC recovery was significantly more rapid in those who received
Secondary: filgrastim alone (11 days [zero to 19]) compared to sargramostim alone
sargramostim 250 Not reported (14 days [10 to 19]; P=0.001); also the sequential dosing of filgrastim and

ug/m?/day SC until
PBSC harvests were
completed

VS
sargramostim 250

ug/m?/day SC for 5
days followed by

sargramostim (12 days [10 to 15]) was significant compared to
sargramostim alone (P=0.001).

Significantly fewer patients had a temperature >38.5° in the filgrastim
alone group (9 patients [18%]) and in the sequential dosing group (eight
patients [15%]) compared to the sargramostim group (27 patients [52%];
P=0.001 for both comparisons).

Significantly fewer subjects received IV antibiotics in the filgrastim alone
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filgrastim 6 ug/kg/day
SC until PBSC
harvests were
completed

Subjects received
myelosuppressive
chemotherapy with
either paclitaxel and
cyclophosphamide or
etoposide and
cyclophosphamide.

group (12 patients [24%]) and in the sequential dosing group (13 patients
[25%]) compared to the sargramostim group (36 patients [69%]; P=0.001
for both comparisons).

Significantly fewer subjects had hospital admissions occurred in the
filgrastim alone group (10 patients [20%]) and in the sequential dosing
group (11 patients [21%]) compared to the sargramostim group (22
patients [42%]; P=0.013 and P=0.017, respectively).

Significantly fewer subjects received red blood cells in the filgrastim alone
group (11 patients [22%]) compared to the sargramostim group (24
patients [46%]; P=0.008).

There were no significant differences between treatment groups in the
number of febrile days, number with bacteremia, days of IV antibiotics,
days in the hospital, number of receiving platelets and number of days
red blood cells were infused.

Secondary:
Not reported

Reduce Duration of Neutropenia and Neutropenia-Related

Chemotherapy Followed by Marrow Transp

lantation

Sequelae in Patients with Nonmyeloid Malignancies Undergoing Myeloablative

Martino et al®

Filgrastim 5 pg/kg/day

starting on day 5 until

neutrophil engraftment

Vs
pegfilgrastim 6 mg
once on day 1 post-
transplant

All subjects were

RCT

Subjects with a
de-novo diagnosis
of

multiple myeloma,
stages Il to lll
Durie—Salmon
classification

N=37

Duration not
specified

Primary:

Duration of grade
4 neutropenia
(ANC <0.5x10°/L)

Secondary:
Incidence of
febrile neutropenia
(ANC <2x10°/L
and temperature
38.2°C), duration
of febrile

neutropenia,

Primary:

There was no significant difference in the duration of grade 4 neutropenia
between the pedfilgrastim group (five days [three to 15]) and the
filgrastim group (six days [four to 10]; P value not reported).

Secondary:

The incidence of febrile neutropenia was significantly less in the
pedfilgrastim group (61.1%) compared to the filgrastim group (100%;
P=0.003).

The duration of febrile neutropenia was significantly less in the
pedfilgrastim group (1.5 days [zero to seven]) compared to the filgrastim
group (four days [one to nine]; P=0.005).
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Demographics Duration
treated with three duration
cycles of vincristine, of fever, incidence | The incidence of fever of unknown origin was significantly less in the
adriamycin and of documented pegfilgrastim group (44.0%) compared to the filgrastim group (84.2%;
dexamethasone, infections and P=0.029).
followed by platelet
cyclophosphamide and engraftment One patient in each of the treatment groups experienced catheter related
G-CSF and PBCS infections and two patients in each of the treatment groups developed
collection. documented infections with positive blood cultures. None of patients
developed documented fungal infections.
After PBCS collection,
patients received high There was no significant difference in mean time to platelet engraftment
dose melphalan as the between the pedfilgrastim group (11 days [nine to 25]) and the filgrastim
conditioning regimen group (11 days [eight to 22]; P value not reported).
for the APBSCT.
Bone pain was the only adverse event considered cytokine related and
was reported in 10% of subjects in the pegfilgrastim group and 12% in
the filgrastim group (P value not reported).
Castagna et al®® MC, OL, RCT N=80 Primary: Primary:
Duration of severe | Pedfilgrastim was not inferior to filgrastim in the duration of severe
Filgrastim 5 pg/kg/day Adult patients with | Duration not | neutropenia (ANC | neutropenia (6.20 vs 5.97 days, respectively; mean difference, 0.23 days;

SC starting on day 1
post-transplant until
ANC recovery to
>0.5x10°/L for two
consecutive days

Vs

pedfilgrastim 6 mg SC
once on day 1 post-
transplant

All patients were
treated with high-dose
chemotherapy before

hematological
malignancies and
solid tumors who
had an adequate
harvest of CD34-
positive cells
(23x10°kg)

specified

<0.5x10%/L),
number of days to
achieve an ANC
>0.5x10°/L
starting on day
one

Secondary:
Number of days to
achieve an ANC
>1x10%/L starting
on day one,
number of days
with fever >38°C,
duration of

95% CI, -0.77 to 1.22; P value not reported) and the number of days
needed to achieve an ANC >0.5x10°/L (10.75 vs 11.53 days,
respectively; mean difference, -0.78 days; 95% Cl, -2.97 to 1.42; P value
not reported).

Secondary:

There was no difference between the filgrastim and pedfilgrastim groups
with regard to time to reach ANC >1x107/L (12.16 and 11.98 days,
respectively; P value not reported) or days with fever (1.63 days and 0.95
days, respectively; P value not reported).

The duration of antibiotic therapy was also comparable between the two
treatment groups (4.0 days for filgrastim and 5.7 days for pedfilgrastim;
P=0.152).
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Study Design Sample Size
Stugyé;r;?elgrug and and Study End Points Results
Demographics Duration
receiving APBSCT on antibiotic and The result on the number of documented infections was not reported.
day 0. antimycotic
therapy, number
The most utilized of documented
chemotherapy infections
regimens in the study
were carmustine,
etoposide, cytarabine
and melphalan for
lymphomas and high-
dose melphalan 200
mg/m? for multiple
myelomas.
Mathew et al*’ CO, RETRO N=164 Primary: Primary:
Time to neutrophil | The time to neutrophil recovery was 10.9 days with filgrastim and 9.6
Filgrastim 5 pg/kg/day Adult patients with Mean recovery with ANC | days with pedfilgrastim (P<0.0001). The total number of days with an
SC starting on day 5 NHL, HD or duration of | 20.5x10°/L once, ANC <0.5x10°/L with filgrastim was 7.6 days and 6.4 days with
post-transplant multiple myeloma filgrastim total days with an | pedfilgrastim (P<0.001).
who received an therapy ANC <0.5 x 10%/L,
VS induction ranged from | incidence of Pedfilgrastim was associated with fewer incidences of febrile neutropenia
chemotherapy 51to 21 days | febrile compared to filgrastim (59 vs 78%; P=0.012). The mean duration of
pedfilgrastim 6 mg SC followed by neutropenia, febrile neutropenia was similar between the two treatment groups (3.2
once on day 1 post- autologous SCT number of days for filgrastim and 2.5 days for pedfilgrastim; P=0.08).
transplant definitive
infections, days of | The filgrastim and pedfilgrastim had similar incidence of definitive
All patients were IV antibiotic infections (32 and 23%, respectively; P=0.294). The duration of IV
treated with high-dose treatment, number | antibiotic treatment was shorter with pegfilgrastim compared to filgrastim
chemotherapy before of doses of (6.3 vs 9.6 days; P=0.006).

receiving autologous
SCT on day 0;
regimens differed

based on malignancies.

filgrastim and
pedfilgrastim
given, reported
episodes of bone
pain, incidence of
engraftment
syndrome

Patients in the filgrastim group received an average of nine doses of
filgrastim (five to 21 doses), whereas 76 of 82 patients in the
pedfilgrastim group received a single dose of pedfilgrastim. Six patients
who received pedfilgrastim also received additional filgrastim.

Two patients in the pegfilgrastim group and none in the filgrastim group
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Study Design Sample Size
Stugyé;r;?elzrug and and Study End Points Results
Demographics Duration
reported bone pain, while engraftment syndrome occurred in one patient
Secondary: in each group.
Not reported
Secondary:
Not reported
Samaras et al* RETRO N=54 Primary: Primary:
Length of hospital | The length of hospital stay was similar between the filgrastim and
Filgrastim 5 pg/kg/day Patients with NHL Duration not | stay, time to pegfilgrastim groups (16.0 vs 16.5 days, respectively; P=0.27).
SC starting on day 5 or HD receiving specified engraftment,
post-transplant until high-dose BEAM duration of No differences were observed between the filgrastim and pegdfilgrastim
ANC recovery to followed by neutropenia and groups with regard to the time to engraftment (nine days for both;
>0.5x10°/L for three APBSCT thrombo- P=0.55), duration of neutropenia (eight vs seven days, respectively;
consecutive days cytopenia, P=0.13) and duration of thrombocytopenia (9.5 vs 7.0 days, respectively;
incidence and P=0.21).
VS duration of fever,
use of IV Fever was reported in 80 and 97% of patients in the filgrastim and
pedfilgrastim 6 mg SC antibiotics, need pedfilgrastim groups, respectively (P=0.057). The duration of fever also
once on day 1 post- for red blood cell appeared similar between the two treatment groups (two days for
transplant and platelet filgrastim and 4.5 days for pegfilgrastim; P=0.057).
transfusion during
All patients received hospital stay Similar percentage of patients in the filgrastim and pedfilgrastim groups
high-dose carmustine, received IV antibiotics (90 vs 100%, respectively; P=0.13). The duration
etoposide, cytarabine of IV antibiotic treatment was also comparable between the two groups
and melphalan followed (10 days for filgrastim and 11 days for pedfilgrastim; P=0.75). The need
by APBSCT. for red blood cell and platelet transfusions was similar between the two
groups (P=0.27 for red blood cell transfusions; P=0.78 for platelet
transfusions).
Samaras et al™ RETRO N=72 Primary: Primary:
Length of hospital | Pegdfilgrastim had a shorter hospital stay than filgrastim (14.5 days [11 to
Filgrastim 5 pg/kg/day Patients with Median stay, time to 47] vs 15.5 days [12 to 64]; P=0.024).
SC starting on day 5 multiple myeloma duration of | engraftment,
post-transplant until who received filgrastim use | duration of The median time to neutrophil engraftment appeared to be faster with
ANC recovery to melphalan 200 was 9 days | neutropenia and pedfilgrastim compared to filgrastim (nine days [eight to 18] vs 10 days
>0.5x10°/L for three mg/m2 followed by (3to 14 thrombocytopenia, | [eight to 12]; P=0.032). The median duration of neutropenia was also
consecutive days APBSCT days) incidence and shorter with pegfilgrastim compared to filgrastim (five days [three to 14]
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Study and Drug
Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

Vs

pedfilgrastim 6 mg SC
once on day 1 post-
transplant

All patients received
high-dose melphalan
200 mg/m? followed by
APBSCT.

duration of fever,
use of IV
antibiotics, need
for red blood cell
and platelet
transfusion during
hospital stay

Secondary:
Not reported

vs six days [three to nine]; P=0.0079).

The duration of thrombocytopenia was similar between filgrastim and
pedfilgrastim (3.0 and 3.5 days, respectively; P=0.39).

Seventy-two percent and 63% of patients in the filgrastim and
pedfilgrastim groups, respectively, reported incidence of fever (P=0.51).
The median duration of fever was similar between the two treatment
groups (two days [zero to 12] for filgrastim and one day [zero to 19] for
pedfilgrastim; P=0.13).

The proportion of patients requiring IV antibiotics were similar in the two
treatment groups (89% for filgrastim and 90% for pedfilgrastim; P=0.38).
The median duration of treatment was also comparable in filgrastim and
pegfilgrastim (six days [zero to 22] and 5.5 days [zero to 36], respectively;
P=0.12).

There was no difference between the two groups in the need for platelet
transfusion (P=0.92); however, more patients in the filgrastim group
required platelet transfusions compared to the pedfilgrastim (0.5 [0 to 9]
vs 0 [0 to 10]; P=0.00065)

Secondary:
Not reported

Reducing Time to Neutrophil Recovery and

Myelogenous Leukemia

Duration of Fever Following Induct

ion or Consolidation Chemotherapy Treatment of Adults with Acute

Jansen et al™

Filgrastim 5 pg/kg/day
SC from day 0 until
neutrophil recovery
(ANC >1,500
cells/mm?®)

VS

T

Subjects with
metastatic (stage
IV) or locally
advanced (stage Il
or Ill) breast
cancer or
myeloma who

N=46

Duration not
specified

Primary:

Time to ANC
recovery >500
cells/mm® and
ANC >1,000
cells/mm®, time to
platelet recovery
>20,000 and
>50,000, days

Primary:

Time to ANC recovery >500/mm° was significantly faster in the
sargramostim group (10.5+1.5 days) compared to the filgrastim group
(8.8+1.2 days; P<0.001). In addition, time to ANC recovery >1 ,000/mm°
was significantly faster in the sargramostim group (11.0+1.7 days)
compared to the filgrastim group (8.9+2.2 days; P=0.001).

There were no significant differences in time to platelet recovery >20,000

or >50,000 in the sargramostim group (9.9+1.1, 11.8+2.1 days,

Page 35 of 59
Copyright 2016 « Review Completed on 2/29/2016




Therapeutic Class Review: colony stimulating factors

Study and Drug
Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

sargramostim 500
pg/kg from day O until
neutrophil recovery
(ANC >1,500
cells/mm?®)

Subjects underwent
chemotherapy
treatment with
cyclophosphamide and
etoposide and all
patients started G-CSF
10 mg/kg/day SC
followed by PBSC
transplant.

were acceptable
candidates for
high-dose
chemotherapy
with PBSC rescue

with growth factor,
days with
temperature
>38.3°C, days of
IV antibiotics,
number of platelet
transfusions and
number of red cell
units

Secondary:
Not reported

respectively) compared to the filgrastim group (11.2+4.7, 14.9+9.3 days,
respectively; P=0.40 and P=0.37, respectively).

Subjects in the filgrastim group experienced significantly fewer days with
growth factor compared to those in the sargramostim (10.8+2.1 vs
12.2+1.5 days; P=0.001).

There was no significant difference in the number of days subjects
experienced a temperature >38.3°C between the sargramostim and
filgrastim groups (2.3+2.4 days vs 1.8+2.1 days; P=0.46).

There was no significant difference in the number of days subjects
received IV antibiotics between the sargramostim and filgrastim groups
(4.3+2.7 vs 4.6+4.3 days; P=0.84).

There was no significant difference in the number of platelet transfusions
subjects received between the sargramostim and filgrastim groups
(2.4+1.7 days vs 3.1+3.2 days; P=0.80).

There was no significant difference in the number of red cell units
subjects received between the sargramostim and filgrastim groups
(2.8+1.6 vs 2.3+2.2; P=0.21).

Secondary:
Not reported

Shorten Time to Neutrophil Recovery and Reduce Incidence of Infection Following Induction Chemotherapy in Older Adult Patients with Acute

Myelogenous Leukemia

Stone et al’'

GM-CSF 5 pg/kg/day
IV given daily until the
neutrophil count was at
least 1,000 cells/cm®,
there was evidence of
the regrowth of

DB, RCT

Patients > 60
years of age with
the diagnosis of
primary AML as
defined
morphologically by

N=388

Duration not
specified

Primary:
Rate of complete
remission

Secondary:
Therapeutic
failure, overall
survival, duration

Primary:

There was no significant difference among the rate of complete remission
between the GM-CSF group (51%; 95% ClI, 44 to 59) and the placebo
group (54%; 95% CI, 47 to 61; P=0.61).

Secondary:
The reasons for therapeutic failure of remission (i.e., resistant disease or
death during marrow hypoplasia) were similar in both treatment groups
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Study Design Sample Size
Stugyé;r;?elgrug and _ and St'udy End Points Results
Demographics Duration
leukemia, or severe the FAB system of of neutropenia (P=0.79).
toxic effects attributable | classification and duration of
to the study infusion hospitalization The median survival was not significantly different between the two
occurred groups (9.4 months; 95% CI, 7.6 to 11.2).
Vs The median duration of neutropenia was significantly shorter in the GM-
CSF group (15 days; 95% CI, 15 to 1) than in placebo group (17 days;
placebo given daily 95% CI, 16 to 19; P=0.02).
until the neutrophil
count was at least The median length of hospitalization was not significantly different
1,000/mm?®, there was between the CM-CSF group (28 days; 95% CI, 26 to 31) and the placebo
evidence of the group (30 days; 95% CI, 28 to 33; P=0.11).
regrowth of leukemia,
or severe toxic effects
attributable to the study
infusion occurred
Induction
chemotherapy
consisted of
daunorubicin and
cytarabine.
Rowe et al* DB, RCT N=124 Primary: Primary:
Hematologic The median time to ANC recovery was significantly shorter in the

Sargramostim 250
ug/m? over 4 hours and
administered daily until
the ANC was >1,500
cells/uL for 3
consecutive days or for

Adult patients >55
but not exceeding
70 years of age
with adequate
hepatic, renal and
cardiac function

Duration not
specified

response (ANC
recovery, platelet
recovery and red
blood cell
recovery) and
rate of complete

sargramostim group compared to the placebo group. Median time to ANC
recovery of >500 cells/uL in the sargramostim group was 13 days
compared to 17 days for the placebo group (P=0.001) and the median
time to ANC recovery of >1,000 cells/uL was 14 vs 21 days, respectively
(P=0.001).

a maximum of 42 days | (bilirubin remission There was no significant differences between the sargramostim and
52 mg/dL; placebo groups in median recovery rates of platelets (11 vs 12 days,

VS creatinine <2 Secondary: respectively; P=0.11) and red blood cells (13 vs 14 days, respectively;
mg/dL; and Treatment-related | P=0.39).

placebo normal cardiac left toxicity, infectious
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Study Design Sample Size
Stugyé;r;?elzrug and _ and St'udy End Points Results
Demographics Duration
ventricular toxicity and There were significantly more patients who experienced complete
Induction consisted of ejection fraction), median survival remission in the sargramostim group (36 patients [60%]) compared to the
standard daunorubicin no previous placebo group (25 patients [45%]; P=0.08).
and cytarabine. cytotoxic or
radiation therapy, Secondary:
morphologic proof The treatment-related mortality was not significantly different between the
of AML, no known sargramostim group (three patients [6%]) compared to the placebo group
antecedent (seven patients [15%]; P=0.18). There were no differences between the
myelody- groups for any other toxicities, including weight gain (8% on sargramostim
splasiacytogenetic and 21% on placebo), cardiac events, or pulmonary events, and no
and patient withdrew from study drug because of toxicity or leukemia
immunophenotypi regrowth.
c analysis
performed on Grade 4 and 5 infections occurred significantly less in the sargramostim
prestudy group (five patients [10%]) compared to the placebo group (17 patients
specimens [36%]; P=0.002); however there was no significant difference in
occurrence of the combination of grade 3, 4 and 5 infections (27 [52%] vs
33 patients [70%], respectively; P=0.068). Death associated with
pneumonia occurred significantly less in the sargramostim group (two
patients [14%]) compared to the placebo group (seven patients [54%];
P=0.046).
The median survival time was significantly longer in the sargramostim
group (10.6 months) compared to the placebo group (4.8 months;
P=0.048).
Biichner et al* HC N=92 Primary: Primary:
Complete There was no statistical difference among complete remission rates

Sargramostim 250
pg/mzlday continuous
IV infusion started on
day 4

VS

Adult patients at
all ages with early
relapse occurring
in the first 6
months of
remission and with

Duration not
specified

remission rate

Secondary:

Death rate,
definite
nonresponse rate,

between the sargramostim group (18 patients [50%]) and the control
group (18 patients [32%]; P=0.09).

Secondary:
The sargramostim group had significantly fewer early (within six weeks)
deaths (five patients [14%]) compared to the control group (22 patients
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Study and Drug
Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

control group
(sequential patients
treated by the identical
chemotherapy at the
same situations)

Early or multiple
relapses were treated
with one course S-HAM
and newly diagnosed
AML and AML late
relapses in the higher
age group were treated
with TAD9.

multiple relapse,
and patients >65
years with newly
diagnosed AML or
late relapse

adverse events,
duration of
remission

[39%]; P=0.009); however there was no significant difference among later
hypoplastic deaths between the two groups (seven [19%] vs seven
patients [13%]; P not reported).

There was no significant difference in the number of definite
nonresponders between the sargramostim group (six patients [17%]) and
the control group (nine patients [16%]; P value not reported).

The sargramostim group showed a higher overall frequency, including all

grades of decrease in serum protein (P=0.02), prothrombin (P=0.02) and

pseudo-cholinesterase levels (P=0.008). In the control group, elevation of
serum transaminases was more frequent overall (P=0.008) and in lower-

grade elevations and showed more frequent cardiac events (P=0.018).

Remission duration does not seem to be reduced after GM-CSF
compared to the control group (P value not reported).

Drug regimen abbreviations: IV=intravenous, SC=subcutaneous
Study abbreviations: CO=cohort, DB=double blind, DE=dose-escalation, ES=extension study, HC=historical control, HR=hazard ratio, MA=meta-analysis, MC=multicenter, OL=open-label,
OS=observation study, PC=placebo controlled, RCT=randomized controlled trial, RETRO=retrospective, T=trial, XO=crossover

Miscellaneous abbreviations: ALL=acute lymphocytic leukemia, AMC=absolute monocytes count, AML=acute myelogenous leukemia, ANC=absolute neutrophil count, APBSCT=autologous
peripheral blood stem cell transplantation, BEAM= carmustine, etoposide, cytarabine, melphalan, BMT=bone marrow transplant, CHOP=cyclophosphamide, doxorubicin, vincristine,
prednisolone, Cl=confidence interval, CSF=colony-stimulating factor, ECOG=Eastern Cooperative Oncology Group, FAB=French-American-British, G-CSF=granulocyte-colony-stimulating
factor, GM-CSF=granulocyte-macrophage-colony stimulating factor, GVHD=graft-versus-host disease, IPI=international prognostic index, HD=Hodgkin’s disease, HLA=human leukocyte
antigen, NHL=non-Hodgkin’s lymphoma, OR=0dds ratio, PBC=peripheral blood count, PBSC=peripheral blood stem cell, PBSCT=peripheral blood stem cell transplant, rhG-CSF=recombinant
human granulocyte colony-stimulating factor, rhGM-CSF=recombinant human granulocyte-macrophage colony-stimulating factor, RR=relative risk, SCT=stem cell transplant, SD=standard
deviation, S-HAM=sequential high-dose cytosine arabinoside and mitoxantrone, TAD9=9-day 6-thioguanine with cytosine arabinoside and daunorubicin, WBC=white blood cell, WHO=World

Health Organization
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Special Populations

Table 5. Special Populations1'5

Generic Name

Population and Precaution

Elderly/
Children

Renal
Dysfunction

Hepatic
Dysfunction

Pregnancy
Category

Excreted in
Breast Milk

Filgrastim

No overall differences
in safety or
effectiveness were
observed between
these subjects and
younger subjects.

FDA-approved for
use in pediatric
patients.

No dosage
adjustment
required.

No dosage
adjustment
required.

C

Unknown;
use with
caution.

Filgrastim-sndz

No overall differences
in safety or
effectiveness were
observed between
these subjects and
younger subjects.

FDA-approved for
use in pediatric
patients.

No dosage
adjustment
required.

No dosage
adjustment
required.

Unknown;
use with
caution.

Pedfilgrastim

No overall differences
in safety or
effectiveness were
observed between
these subjects and
younger subjects.

Safety and
effectiveness in
pediatric patients
have not been
established.

No dosage
adjustment
required.

Not studied in
hepatic
dysfunction.

Unknown;
use with
caution.

Sargramostim

Safety and efficacy in
elderly patients have
not been
established.”

Safety and
effectiveness in
pediatric patients
have not been
established.

Not studied in
renal
dysfunction.

Not studied in
hepatic
dysfunction.

Unknown;
use with
caution.
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Population and Precaution

Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction | Dysfunction | Category Breast Milk
Tbo-filgrastim No overall differences | No dosage Not studied in C Unknown;
in safety or adjustment hepatic use with
effectiveness were required for dysfunction. caution.
observed between creatinine
these subjects and clearance
younger subjects. 260 mL/min.
Safety and Not studied in
effectiveness in patients with
pediatric patients creatinine
have not been clearance
established. <60 mL/min.
Adverse Drug Events
Table 6. Adverse Drug Events'®
Adverse Event Filgrastim F”g;:g;'m' Pegfilgrastim | Sargramostim filg-l;gg';im
Cardiovascular System
Cardiac - - - 23 -
Hemorrhage - - - 23 to 29 -
Hypertension - - - 25t0 34 -
Hypotension - - - 13 -
Tachycardia - - - 11 -
Central Nervous System
Anxiety - - - 11 -
Central nervous
. - - - 11 -
system disorder
Chills - - - 1910 25 -
Fatigue 11 11 - - -
Fever 12 12 - 77 1o 96 -
Headache - - 16 36 a
Insomnia - - - 11 -
Neuro-clinical - - - 42 -
Neuro-motor - - - 25 -
Neuro-psych - - - 15 -
Neutropenic fever 13 13 - - -
Paresthesia - - - 11 -
Pyrexia - - 23 - -
Dermatological
Alopecia 18 18 48 37t073 -
Pruritus - - - 23 -
Rash - - - 44 t0 70 -
Skin - - - 77 -
Sweet’'s Syndrome - - - - a
Gastrointestinal
Abdominal pain - - - 38 -
Anorexia - - - 13 to 54 -
Constipation - - 10 - -
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Adverse Event Filgrastim F'I%rr?g;'m' Pegfilgrastim | Sargramostim filg-l;gg';im
Diarrhea 14 14 29 5210 89 -
Dyspepsia - - - 17 -
Dysphagia - - - 11 -
Gastrointestinal

: - - - 37 -
disorder
Gastrointestinal ) ) ) 11t0 27 )
hemorrhage
Hematemesis - - - 13 -
Mucositis 12 12 - - -
Nausea/vomiting 57 57 13 46 to 90 a
Stomatitis - - - 24 to0 62 -
Laboratory Test Abnormalities
Bilirubinemia - - - 30 -
Blood dyscrasia - - - 25 -
Coagulation - - - 19 -
High blood urea ) ) ) 23 )
nitrogen
High cholesterol - - - 17 -
Hyperglycemia - - - 25 to 41 -
Hypomagnesemia - - - 15 -
Increased creatinine - - - 15 -
Increased serum
glutamic pyruvic - - - 13 -
transaminase
Leukopenia - - - 17 -
Liver damage - - - 13 -
Low albumin - - - 27 -
Thrombocytopenia - - - 19 a
Respiratory
Dyspnea - - - 15to 28 -
Epistaxis - - - 17 -
Lung disorder - - - 20 -
Pharyngitis - - - 23 -
Pulmonary - - - 48 -
Rhinitis - - - 11 -
Other
Allergy - - - 12 -
Arthralgia - - 16 11 -
Asthenia - - 13 17 to 66 -
Bone pain - - 31 21 3.4
Chest pain - - - 15 -
Cutaneous vasculitis - - - - a
Edema - - - 13t0 34 -
Eye hemorrhage - - - 11 -
Infection - - - 65 -
Liver - - - 77 -
Malaise - - - 57 -
Metabolic - - - 58 -
Mucous membrane ) ) ) 75 )

disorder
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Adverse Event

Filgrastim

Filgrastim-
sndz

Pegfilgrastim

Sargramostim

Tbo-

filgrastim

Myalgia

21

Pain

17

Peripheral edema

12

1110 15

Sepsis

11

Skeletal pain

Urinary tract disorder

14

Weight loss

27

CNS=central nervous system, Gl=gastrointestinal

- Event not reported or incidence <10%.

aRate not reported

Contraindications

Table 7. Contraindications™

Contraindication

Filgrastim-

Filgrastim sndz

Pegfilgrastim

Sargramostim

Tho-
filgrastim

Concurrent chemotherapy
and radiotherapy use.

a

Excessive leukemic myeloid
blasts in the bone marrow or
peripheral blood (=10%)

Known hypersensitivity to
acrylic.

Know hypersensitivity to
human granulocyte colony-
stimulating factors or any
inactive component.

Known hypersensitivity to
yeast-derived products.

Use in neonatal patients.

Warnings/Precautions

Table 8. Warnings and Precautions’™®

Warnings and Precautions

Filgrastim
Filgrastim-sndz

Pegfilgrastim

Sargramostim
Tbo-filgrastim

Acute Respiratory Distress Syndrome (ARDS) has been reported. Evaluate
patients who develop fever and lung infiltrates or respiratory distress for
ARDS. Discontinue use in patients with ARDS.

o

Allergy to Acrylics; the injection device uses acrylic adhesives; serous
allergic reactions may occur in patients allergic to acrylic.

cell collection mobilization.

Alveolar hemorrhage manifesting as pulmonary infiltrates and hemoptysis
requiring hospitalization have been reported in peripheral blood progenitor

Benzyl Alcohol is a constituent and is associated with “Gasping Syndrome”
in premature infants. Do not administer to neonates
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Warnings and Precautions

Filgrastim

Filgrastim-sndz

Pegfilgrastim

Sargramostim

Tbo-filgrastim

Capillary leak syndrome has been reported after G-CSF administration.
Episodes vary in frequency, severity and may be life-threatening if treatment
is delayed. Closely monitor and provide standard symptomatic treatment,
which may include intensive care.

V)

Cardiovascular symptoms of transient supraventricular arrhythmia have
been reported, particularly in patients with a history of arrhythmia. Use with
caution in patients with preexisting cardiac disease.

Cutaneous Vasculitis has been reported; hold therapy and restart with a
reduced dose when symptoms resolve and ANC has decreased.

Glomerulonephritis has occurred. The diagnoses were based upon
azotemia, hematuria (microscopic and macroscopic), proteinuria, and renal
biopsy.

Leukocytosis; Discontinue use if white blood cell count >10,000/mm?® in
patients with cancer receiving myelosuppressive chemotherapy.

Leukocytosis; Discontinue use if white blood cell count >100,000/mm? if
being used for peripheral blood progenitor cell collection and therapy.

Leukocytosis; White blood cell counts of 100 x 10°/L or greater have been
observed in patients receiving pedfilgrastim. Monitoring of complete blood
count during therapy is recommended.

Myelodysplastic syndrome (MDS) and acute myelogenous leukemia (AML)
have been reported to occur in the natural history of congenital neutropenia
without cytokine therapy. Cytogenetic abnormalities, transformation to MDS,
and AML have been observed in patients treated for severe chronic
neutropenia (SCN). Confirm the diagnosis of SCN before initiating therapy.

Nuclear Imaging; transient positive bone-imaging changes have been
associated with use; considerations should be made when interpreting bone-
imaging results.

Potential Effect on Malignant Cells; may act as a growth factor in tumor
cells; safety and efficacy in chronic myeloid leukemia and myelodysplasia
has not been established.

Renal and Hepatic Dysfunction; in patients with preexisting renal or hepatic
dysfunction increases in serum creatinine, bilirubin, or hepatic enzymes
have been reported. Dose reduction has resulted in a decrease to pre-
treatment levels. Monitor patients with preexisting dysfunction at least every
other week during therapy.

Serious allergic reactions, including anaphylaxis, have been reported; can
recur within days after the discontinuation of allergy treatment. Permanently
discontinue in patients with serious allergic reactions.

Sickle cell crisis has been reported in patients with sickle cell trait or sickle
cell disease.

Simultaneous use with chemotherapy and radiation therapy is not
recommended. Do not administer within 24 hours before and after
administration of cytotoxic chemotherapy. Avoid simultaneous use with
radiation. Safety and efficacy with simultaneous use has not been
established for chemotherapy or radiation.
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Splenic rupture has been reported. Evaluate patients who report left upper
abdominal or shoulder pain for an enlarged spleen or rupture. a |a | a a
Thrombocytopenia has been reported. Monitor platelet counts. al|la

Drug Interactions

There are no specific drug interactions reported with the use of granulocyte colony-stimulating factors and
associated agents."” It is recommended to use caution when granulocyte colony-stimulating factor agents
are used in combination with other agents which may potentiate the release of neutrophils, such as

lithium and corticosteroids."

Dosage and Administration

Table 9. Dosing and Administration™”®

malignancies and Induction and/or
Consolidation Chemotherapy for AML:

Vial, prefilled syringe: initial, 5 pg/kg/day
via SC, short IV infusion (15 to 30
minutes), or continuous IV infusion daily;
maintenance, increase dose by 5 ug /kg for
each chemotherapy cycle based on ANC

Myeloablative chemotherapy followed by
BMT:

Vial, prefilled syringe: initial, 10 ug/kg/day
via IV infusion (over <24 hours) daily;
maintenance, titrate dose based on
neutrophil response

Autologous Peripheral Blood Progenitor
Cell Collection and Therapy:

Vial, prefilled syringe: 10 pyg/kg/day SC for
at least four days before leukapheresis and
continue until the last leukapheresis.

Congenital Neutropenia:

Vial, prefilled syringe: initial, 6 ug/kg SC
twice daily; maintenance, dose should be
individualized; maximum, doses up to 100
pg/kg/day have been required rarely.

Idiopathic or Cyclic Neutropenia:
Vial, prefilled syringe: initial, 5 ug/kg SC

Generic Name Adult Dose Pediatric Dose Availability
Filgrastim Severe neutropenia in patients receiving Refer to adult Vial:
myelosuppressive therapy for nonmyeloid dosing. 300 pg/1 mL

480 pg/1.6 mL

Prefilled Syringe:
300 pg/0.5 mL
480 ug/0.8 mL
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Generic Name

Adult Dose

Pediatric Dose

Availability

daily; maintenance, dose should be
individualized.

Hematopoietic Syndrome of Acute
Radiation Syndrome:

Vial, prefilled syringe: initial, 10 pg/kg SC
daily as soon as possible after confirmed
exposure to radiation doses greater than 2
gray (Gy) until ANC >1,000 mm?® for three
consecutive CBCs obtained approximately
every three days or ANC>10,000 mm*®
after radiation-induced nadir.

Filgrastim-sndz

Severe neutropenia in patients receiving
myelosuppressive therapy for nonmyeloid
malignancies and Induction and/or
Consolidation Chemotherapy for AML:

Vial, prefilled syringe: initial, 5 pg/kg/day
via SC, short IV infusion (15 to 30
minutes), or continuous IV infusion daily;
maintenance, increase dose by 5 ug /kg for
each chemotherapy cycle based on ANC

Myeloablative chemotherapy followed by
BMT:

Vial, prefilled syringe: initial, 10 ug/kg/day
via IV infusion (over <24 hours) daily;
maintenance, titrate dose based on
neutrophil response

Autologous Peripheral Blood Progenitor
Cell Collection and Therapy:

Vial, prefilled syringe: 10 pyg/kg/day SC for
at least four days before leukapheresis and
continue until the last leukapheresis.

Congenital Neutropenia:

Vial, prefilled syringe: initial, 6 ug/kg SC
twice daily; maintenance, dose should be
individualized; maximum, doses up to 100
ug/kg/day have been required rarely.

Idiopathic or Cyclic Neutropenia:

Vial, prefilled syringe: initial, 5 ug/kg SC
daily; maintenance, dose should be
individualized.

Refer to adult
dosing.

Vial:
300 pg/1 mL
480 ug/1.6 mL

Prefilled Syringe:
300 pg/0.5 mL
480 ug/0.8 mL

Pedfilgrastim

Severe neutropenia in patients receiving
myelosuppressive therapy for nonmyeloid
malignancies:

Prefilled syringe: 6 mg SC once per
chemotherapy cycle.

Hematopoietic Syndrome of Acute
Radiation Syndrome:

Safety and
efficacy have not
been established
in pediatric
patients.

Prefilled Syringe:
6 mg/0.6 mL
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Generic Name

Adult Dose

Pediatric Dose

Availability

Prefilled syringe: 6 mg SC followed by 6
mg SC one week later.

Sargramostim

Induction Chemotherapy for AML:

Vial (powder, solution): 250 pg/m?/day IV
over four hours daily starting approximately
on day 11 or four days following the
completion of induction chemotherapy until
ANC>1,500 mm® for three consecutive
days or a maximum of 42 days. If a second
cycle of chemotherapy is required,
administer approximately four days after
the completion of chemotherapy.

Non-Hodgkin’s lymphoma, acute
lymphoblastic leukemia and Hodgkin's
disease undergoing autologous BMT:
Vial: 250 pg/m“/day IV beginning two to
four hours after bone marrow infusion and
not less than 24 hours after the last dose
of chemotherapy or radiotherapy and
continued until absolute neutrophil count
>1,500 cells/mm3 for three consecutive
days

Allogeneic or autologous bone marrow
transplantation in whom engraftment is
delayed or has failed:

Vial: initial, 250 pg/mz/day IV for 14 days;
treatment may be repeated after seven
days off therapy; if a third course is
necessary, dose is increased to 500
ug/m?/day.

Autologous Peripheral Blood Progenitor
Cell Collection and Therapy:

Vial (powder, solution): 250 pg/m?/day IV
over 24 hours or SC once daily, The
optimal schedule for collection has not
been established. Immediately following
infusion of progenitor cells, give 250
ug/m?/day IV over 24 hours or SC once
daily and continue until ANC>1,500
cells/mm? for three consecutive days.

Safety and
efficacy have not
been established
in pediatric
patients.

Vial (powder for
reconstitution):
250 ug

Vial (solution)
500 pg/1 mL

Tbo-filgrastim

Severe neutropenia in patients receiving
myelosuppressive therapy for nonmyeloid
malignancies:

Prefilled syringe: 5 ug/kg SC daily until the
expected neutrophil nadir is passed and
neutrophil count has recovered to the
normal range.

Safety and
efficacy have not
been established
in pediatric
patients.

Prefilled Syringe:
300 pg/0.5 mL
480 ug/0.8 mL

AML=acute myeloid leukemia, ANC=absolute neutrophil count, BMT=bone marrow transplant, IVV=intravenous, SC=subcutaneous

Clinical Guidelines
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Table 10. Clinical Guidelines

Clinical Guideline

Recommendations

National
Comprehensive
Cancer Network:
Myeloid Growth
Factors Clinical
Practice
Guidelines in
Oncology (2010)"*

Prophylactic use of colony-stimulating factors (CSFs)

For patients at high risk of febrile neutropenia, prophylactic CSFs is

recommended if the risk of febrile neutropenia is 20% or greater and for any

patient considered at high risk, regardless of whether the treatment is
intended to be curative, to prolong survival or to manage symptoms.

Patients at intermediate risk of febrile neutropenia:

[0}

Intermediate risk is defined as a 10 to 20% probability of
developing febrile neutropenia or a neutropenic event that would
compromise treatment.

Whether the treatment is intended to be curative, to prolong
survival or to manage symptoms, it is recommended that
individualized consideration of CSF therapy be based on
physician-patient discussion of the risk-benefit ratio of the
likelihood of developing febrile neutropenia, the potential
consequences of a neutropenic event and the implications of
reduced chemotherapy doses.

If patient risk factors determine the risk, CSF is a reasonable
prophylactic option.

If the risk is due to the chemotherapy regimen and the treatment is
intended to prolong survival or to manage symptoms, other
alternatives such as the use of less myelosuppressive
chemotherapy or dose reduction, if of comparable benefit, should
be explored.

Patients at low risk of febrile neutropenia:

o In patients at low risk of febrile neutropenia, defined as <10% risk,
routine use of CSFs is not considered cost-effective, and
alternative treatment options are appropriate.

o CSFs may be considered if the patient is receiving curative or

adjuvant treatment and is at significant risk for serious medical
consequences of febrile neutropenia, including death.

Evaluation of subsequent chemotherapy cycles:

o Patient evaluation should occur prior to each subsequent
chemotherapy cycle to determine the risk categorization and
treatment intent.

o If a patient experiences an episode of febrile neutropenia or a

dose-limiting neutropenic event despite receiving CSF therapy, it is
recommended that a chemotherapy dose reduction or change in
treatment regimen occurs unless there is an impact on patient
survival.

Chemotherapy regimens and risk of febrile neutropenia:

o0 CSF prophylaxis is recommended when using a chemotherapy
regimen with an incidence of >20% of febrile neutropenia.
0 Benefits of pegfilgrastim have not been shown in regimens given

under two week duration; therefore, it should be avoided in
patients receiving weekly chemotherapy.

Therapeutic uses of CSFs

Patients with febrile neutropenia who are receiving prophylactic filgrastim or
sargramostim should continue with CSF therapy. However, since
pedfilgrastim is long-acting, those who have received prophylaxis with
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pedfilgrastim should not be treated with an additional CSF.

Due to the lack of evidence supporting the therapeutic use of pedfilgrastim,
only filgrastim and sargramostim should be used in this therapeutic setting.
It is recommended for those who have not received prophylactic CSFs to be
evaluated for risk factors for infection-related complications or poor clinical
outcome. These include: old age (>65 years), sepsis syndrome, severe
(absolute neutrophil count [ANC] <100 cells/uL) or anticipated prolonged
(>10 days) neutropenia, pneumonia, invasive fungal infection or other
clinically-documented infections. If risk factors are present, CSFs should be
considered.

Dosing and administration

- Based on available data regarding the CSFs in prophylaxis of febrile
neutropenia, when choosing among the myeloid growth factors, filgrastim
and pedfilgrastim are considered to have more evidence than sargramostim.
Initial doses of filgrastim are started at a daily dose of 5 ug/kg beginning
within one to three days after completion of chemotherapy until post-nadir
ANC recovery to normal or near-normal ANC levels by laboratory standards.
There is evidence to support the use of pegdfilgrastim 24 hours after
completion of chemotherapy given every three weeks in one dose of 6 mg
per cycle of treatment.
Administration of filgrastim or pegfilgrastim within 24 hours after completion
of chemotherapy is not recommended.
There is insufficient evidence to support a strong recommendation for
sargramostim in nonmyeloid malignancies.
Subcutaneous administration is preferred for filgrastim, pedfilgrastim and
sargramostim.

Severe chronic neutropenia

Granulocyte CSF (G-CSF) is an established effective treatment for cyclic,
congenital and idiopathic neutropenia.

The American
Society of Clinical
Oncology:

2006 Update of
Recommendations
for the Use of
White Blood Cell
Growth Factors:
An Evidence-based
Clinical Practice
Guideline (2006)"

Reduction in febrile neutropenia is an important clinical outcome that justifies
the use of CSFs, regardless of their impact on other factors, when the risk of
febrile neutropenia is approximately 20% and no other equally effective
regimen that does not require CSFs is available.

Primary prophylactic CSF administration (first and subsequent-cycle use)
Primary prophylaxis is recommended for the prevention of febrile
neutropenia in patients who have a high risk of febrile neutropenia based on
age, medical history, disease characteristics and myelotoxicity of the
chemotherapy regimen.

For “dose dense” regimens, CSFs are required and recommended.

The standard of care is to use chemotherapy regimens that do not require
CSFs because of equal efficacy and lower risk of febrile neutropenia if such
regimens are available.

Current data demonstrates effectiveness and supports the use of CSFs
when regimens that have a febrile neutropenia incidence of >20% are used,;
therefore, this practice is recommended.

Secondary prophylactic CSF administration
Secondary prophylaxis with CSFs is recommended for patients who
experienced a neutropenic complication from a prior cycle of chemotherapy
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(for which primary prophylaxis was not received), in which a reduced dose
may compromise disease-free or overall survival or treatment outcome.

Therapeutic use of CSF

- CSFs should not be routinely used for patients with neutropenia who are
afebrile.
CSFs should not be routinely used as adjunctive treatment with antibiotic
therapy for patients with febrile neutropenia. However, CSFs should be
considered in patients with febrile neutropenia who are at high-risk for
infection associated complications, or who have prognostic factors that are
predictive of poor clinical outcomes.

Use of CSFs to increase chemotherapy dose-intensity and dose-density

- Use of CSFs allows a modest to moderate increase in dose density and/or
dose-intensity of chemotherapy regimens.
A survival benefit is suggested by the current data when CSFs are used with
dose-dense regimens in specific settings (e.g., node-positive breast cancer
and possibly non-Hodgkin’s lymphoma [NHL]), but this data cannot be
applied to other diseases.
It is recommended to only use dose dense regimens within an appropriately
designed clinical trial or when use is supported by convincing efficacy data.

Use of CSFs as adjuncts to progenitor-cell transplantation
The current standard of care is the administration of CSFs to mobilize
peripheral-blood progenitor cell (PBPC) often in conjunction with
chemotherapy and their administration after autologous, but not allogeneic,
PBPC transplantation.

Use of CSFs in patients with acute leukemia and myelodysplastic syndromes

- For acute myeloid leukemia (AML), CSF use following initial induction
therapy is reasonable, as studies have demonstrated a decrease in
neutropenia duration, although there has been no favorable impact on
remission rate, remission duration or survival. Patients older than 55 years
of age may be most likely to benefit from CSF use.
For priming of leukemia cells in patients with AML, use of CSFs is not
recommended.
After the completion of consolidation chemotherapy, CSF use can be
recommended to possibly decrease the incidence of infection and eliminate
the likelihood of hospitalization in some patients receiving intensive post-
remission chemotherapy.
Due to the lack of information regarding pegylated CSFs in patients with
myeloid leukemia, it is recommended that they not be used in such patients
outside of clinical trials.
For myelodysplastic syndromes, intermittent administration of CSFs may be
considered in certain patients with severe neutropenia and recurrent
infection; however, there is a lack of data supporting the routine long-term
continuous use of CSFs in these patients.
For acute lymphocytic leukemia (ALL), to reduce the duration of
neutropenia, CSFs are recommended after the completion of the initial first
few days of chemotherapy of the initial induction or first post remission
course.
For acute leukemia in relapse it is recommended that CSFs be used
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judiciously, or not at all, in patients with refractory or relapsed myeloid
leukemia due to the lack of expected response.

Use of CSFs in patients receiving radiotherapy with or without concurrent

chemotherapy

- In those patients who are expected to have prolonged delays in radiation
treatment due to neutropenia and are not receiving chemotherapy, CSFs
may be considered.
In those patients receiving concurrent chemotherapy and radiation of the
mediastinum, CSFs should be avoided.

Use of CSFs in older patients

- To reduce the incidence of febrile neutropenia and infections, prophylactic
CSFs should be given to patients 65 years of age and older with diffuse
aggressive lymphoma treated with curative chemotherapy (CHOP
[cyclophosphamide, doxorubicin, vincristine, prednisone] or more aggressive
regimens).

Use of CSFs in the pediatric population

- The use of CSFs in pediatric patients will almost always be guided by clinical
protocols. The use of CSFs is reasonable for the primary prophylaxis of
pediatric patients with a likelihood of febrile neutropenia.
The use of CSFs for secondary prophylaxis or for therapy should be limited
to high-risk patients.
Due to the potential risk for secondary myeloid leukemia or myelodysplastic
syndrome associated with CSFs, their use represents a concern in children
with ALL whose prognosis is otherwise excellent. For these reasons, the use
of CSFs in children with ALL should be considered with caution.

CSEF initiation, duration, dosing and administration

- CSFs should be given 24 to 72 hours after the administration of myelotoxic
chemotherapy and should be continued until the ANC reaches at least 2 to
3x10° cells/L.
For PBPC mobilization, CSFs should be started at least four days before
the first leukapheresis procedure and continued until the last leukapheresis.
In adults, the recommended CSF doses are 5 pg/kg/day for G-CSF and 250
pg/mzlday for granulocyte macrophage CSF (GM-CSF) for all clinical
settings other than PBPC mobilization.
In the setting of PBPC mobilization, if G-CSF is used, a dose of 10
pg/kg/day maybe preferable.
The preferred route of CSF administration is subcutaneous.

Peqgylated G-CSF initiation, duration, dosing and administration

Pedfilgrastim 6 mg should be given once 24 hours after completion of
chemotherapy.

The 6 mg formulation should not be used in infants, children or small
adolescents weighing less than 45 kg.

Special comments on comparative clinical activity of G-CSF and GM-CSF

No guideline recommendation can be made regarding the equivalency of the
two CFSs.
Further trials are recommended to study the comparative clinical activity,
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toxicity and cost-effectiveness of G-CSF and GM-CSF.

Special comments on growth factors as a treatment for radiation injury

Current recommendations for the management of patients exposed to lethal
doses of total body radiotherapy, but not doses high enough to lead to
certain death due to injury to other organs, includes the prompt
administration of CSF or pegylated G-CSF.

European
Organization for
Research and
Treatment of
Cancer: 2010
Update of
European
Organization for
Research and
Treatment of
Cancer Guidelines
for the Use of
Granulocyte-
Colony Stimulating
Factor to Reduce
the Incidence of
Chemotherapy-
Induced Febrile
Neutropeniain
Adult Patients with
Lymphoproliferativ
e Disorders and
Solid Tumors
(2010)™

Patient-related risk factors for increased risk of febrile neutropenia

- Prevention of chemotherapy-induced febrile neutropenia should be
considered a clinical priority.
Prior to administering each cycle of chemotherapy, evaluation of patient-
related risk factors should be included in the overall assessment.
Other risk factors that should be evaluated for include: elderly age (aged 65
and over), advanced stage of disease, experience of previous episode(s) of
febrile neutropenia, lack of G-CSF use and lack of antibiotic prophylaxis.
Indiscriminate use of antibiotic prophylaxis is not recommended.

Chemotherapy regimens associated with increased risk of febrile neutropenia
Chemotherapy regimens are categorized based on their potential to cause
febrile neutropenia (>20%, 10 to 20%, <10%); therefore, this risk should be
taken into consideration when using certain chemotherapy regimens.

G-CSF to support chemotherapy

- G-CSF prophylaxis should be used as supportive treatment in cases when
dose-dense or dose-intense chemotherapy regimens have demonstrated
survival benefits.
G-CSF should be used as primary prophylaxis to maintain a chemotherapy
regimen if dose or intensity reduction has demonstrated poor prognosis
when the treatment is potentially curative or intended to prolong survival.
When the treatment is palliative, the use of less myelosuppressive
chemotherapy or dose/schedule modification should be considered.

Impact of the overall febrile neutropenia risk on G-CSF use

- At the beginning of each cycle, each patient should be individually assessed
for the risk of complication related to febrile neutropenia which should
include patient-related risk factors, the chemotherapy regimen and
associated complications and treatment intent.
Prophylactic G-CSF therapy is recommended in patients whose overall risk
of febrile neutropenia is >20%.
When a chemotherapy regimen associated with a febrile neutropenia risk of
10 to 20% is used, patient characteristics should be taken into account when
reviewing the overall risk of febrile neutropenia.

G-CSF in patients with existing febrile neutropenia
G-CSF treatment in patients with solid tumors and malignant lymphoma
should be reserved for those patients who are not responding to appropriate
antibiotic management and who are developing life-threatening infections
(such as severe sepsis or septic shock).

Choice of formulation
Where indicated, filgrastim, lenograstim* and pedfilgrastim are all
recommended to prevent febrile neutropenia and febrile neutropenia related
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complications due to their clinical efficacy and studies demonstrating
comparable efficacy.

British Committee
for Standards in
Hematology:
Guidelines on the
Use of Colony-
stimulating Factors
in Hematological
Malignancies
(2003)>*

Due to the lack of comparative trials and clinical trial data, there seems to be
no evidence demonstrating efficacy or outcome differences between the G-
CSF and GM-CSF products when administered at recommended doses.
These guidelines do not differentiate between the agents.

Prophvlactlc and adjunctive use

Primary prophylaxis is not routinely recommended unless the expected
incidence of febrile neutropenia is >40%.

Secondary prophylaxis cannot be routinely justified because of a lack of
available evidence but is indicated for tumors in which dose reduction or
dose delay would compromise overall survival.

Adjunctive treatment is not recommended for patients with uncomplicated
febrile neutropenia but should be considered in patients with poor prognostic
factors.

Use of CSFs in association with chemotherapy

AML: The routine use of CSF is recommended after consolidation
chemotherapy. CSF is recommended after induction if it is appropriate to
reduce hospital stay or antibiotic usage.

ALL: G-CSF is indicated to reduce the severity of neutropenia following
intensive phases of therapy.

Myelodysplastic syndromes: CSFs are indicted to reduce the severity of
neutropenia in patients receiving intensive chemotherapy. CSFs are also
recommended on an intermittent basis for patients with neutropenia and
infection, but continuous prophylactic use is not routinely justified.

Aplastic anemia: There is insufficient evidence to make any general
recommendations. Hence patients should be given CSFs only on an
individual therapeutic trial basis.

Bone marrow failure syndromes: G-CSF is recommended when
improvement of neutrophil count is appropriate.

Malignant lymphomas: There is evidence to support the routine use of CSFs
to reduce the incidence of infection, chemotherapy delay and hospitalization,
especially when the risk of febrile neutropenia exceeds 40%. There is also
emerging evidence of improved survival with G-CSF-supported dose
intensification in elderly patients with high-grade NHL. At present, this
evidence is insufficient to justify a change in policy in all patients with
lymphoma, but elderly patients may benefit from G-CSF support.

CSFs for PBPC mobilization

CSFs are indicated for the mobilization of PBPCs.

CSFs after PBSC and marrow transplantation

CSFs are indicated to accelerate reconstitution after allogeneic and
autologous PBPC transplantation or bone marrow transplant.

National
Comprehensive
Cancer Network:
Acute Myeloid
Leukemia Clinical
Practice

Monitoring and supportive care

Growth factor support may be considered in the elderly once chemotherapy
is complete.

Recommendations regarding the use of cytokines for infection or for slow
marrow recovery are left to institutional policy.

G-CSF or GM-CSF should be discontinued for a minimum of seven days
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Guidelines in
Oncology (2011)13

before obtaining bone marrow to document remission as CSF therapy may
confound interpretation of the bone marrow.

Growth factors should not be used in patients with acute promyelocytic
leukemia.

British Committee
for Standards in
Hematology:
Guidelines on the
Management of
Acute Myeloid
Leukemiain
Adults (2006)*°

Growth factors

Growth factors following AML chemotherapy have shown no survival benefit
but have demonstrated reduction in the duration of neutropenia, antibiotic
use and hospital stay.

The cost-benefit advantages of routine growth factor use are uncertain.
G-CSF is recommended after induction if it is appropriate to reduce hospital
stay or antibiotic usage.

The routine use of growth factor therapy in AML is not recommended.

Standard chemotherapy

There is insufficient evidence to support routine use of G-CSF or GM-CSF
with induction chemotherapy in patients over 60 years of age, although this
may be appropriate if it is desirable to reduce hospitalization or antibiotic
usage.

Management of AML in patients who are pregnant
Pregnant patients with other forms of AML, other than promyelocytic
leukemia-retinoic acid receptor-positive acute promyelocytic leukemia, and
with stable disease may defer chemotherapy and be supported with growth
factors and blood products until delivery can be safely induced at about 30
weeks.

National
Comprehensive
Cancer Network:
Myelodysplastic
Syndromes
Clinical Practice
Guidelines in
Oncology (2011)%°

Supportive care

- Use of G-CSF or GM-CSF is not recommended for routine infection
prophylaxis.
Use of G-CSF or GM-CSF may be considered in a neutropenic patient who
has recurrent or resistant infections.
Low-dose G-CSF or GM-CSF may be combined with recombinant human
erythropoietin for anemia when indicated, particularly in patients who are not
responding to erythropoiesis-stimulating agents and have serum
erythropoietin level of 500 mUnits/mL or less.

United Kingdom
Myelodysplastic
Syndromes
Guideline Group:
Guidelines for the
Diagnosis and
Therapy of Adult
Myelodysplastic
Syndromes
(2003)°’

Ervthropmetm with or without G-CSF
Many studies have clearly demonstrated that erythropoietintG-CSF can
increase hemoglobin levels and reduce or eliminate red blood cell
transfusion in selected myelodysplastic syndromes patients.
It is recommended that patients with refractory anemia and refractory
anemia with excess blasts who are not eligible for chemotherapy or stem
cell transplantation and are symptomatic of anemia, with no or low
transfusion requirement (<2 units/month) and a baseline erythropoietin level
<200 units/L who have not responded to a trial of erythropoietin alone for six
weeks be considered for daily G-CSF therapy, doubling the dose of
erythropoietin or both for six more weeks. The G-CSF dose should be
doubled weekly (e.g., 75 ug to 150 Mg then to 300 pg) to maintain the white
blood cell between 6 and 10x10° cells/L. In patients who respond, once the
maximum response has been reached, the G-CSF can be reduced to thrice
weekly, and the erythropoietin dose can be reduced by one day a week at
four weekly intervals (e.g., five days a week to four days then three days) to
the lowest dose that retains response.
It is recommended that the combination of erythropoietin and G-CSF be
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used from the beginning for patients with refractory anemia with excess
blasts, symptomatic anemia, baseline erythropoietin levels <500 units/L and
a transfusion requirement <2 units/month.

Due to the lack of published data, it is encouraged to continue randomized-
controlled trials of erythropoietintG-CSF to address the issues of quality of
life, survival advantage and pharmacoeconomics.

Prophylactic management of infection
Prophylactic low-dose G-CSF therapy may be considered in patients who
are severely neutropenic in order to maintain a neutrophil count >1X10°
cells/L.

Conclusions

Colony-stimulating factors (CSFs) are growth factors which stimulate the production and enhance
recovery of neutrophils.58 There are currently two types of CSFs available in the United States,
granulocyte CSF (G-CSF) and granulocyte-macrophage CSF (GM-CSF). Filgrastim, filgrastim-sndz, tbo-
filgrastim and pegfilgrastim are the currently available G-CSFs."® Filgratstim-sndz is considered a
biosimilar drug to parent molecule filgrastim; however, due to regulatory pathways for biosimilar drugs
being available at the time, tbo-filgrastim is not. Tbo-filgrastim was filed with its own Biologic Drug
Application and thus does not share the same indications. Since the time the application for filgrastim-
sndz was submitted, the parent molecule, filgrastim was granted an additional indication that filgrastim-
sndz does not have."*° Sargramostim is the only GM-CSF currently available.*

G-CSFs are Iar%ely used to prevent and reduce the duration of neutropenia in patients receiving
chemotherapy.™ Several clinical trials have demonstrated efficacy of the G-CSFs for this indication. A
systematic review published in 2007 reviewed 17 randomized controlled trials comparing primary
prophylactic G-CSF to placebo or untreated controls in adult solid tumor and malignant lymphoma
patients. The review reported an overall 46% decrease in the risk of febrile neutropenia, a 45% decrease
in infection-related mortality and a 40% decrease in all-cause mortality during the chemotherapy period.®

Currently the National Comprehensive Cancer Network (NCCN), the American Society of Clinical
Oncology (ASCO) and European Organization for Research and Treatment of Cancer (EORTC)
guidelines recommend CSF prophylaxis in patients whose overall risk of febrile neutropenia is >20%.%'%"
Recent retrospective data has reported a potential advantage of pedfilgrastim in reducing the risk of
hospitalizations due to febrile neutropenia when compared to filgrastim and sargramostim, while an
earlier prospective, randomized trial demonstrated comparable clinical efficacy between filgrastim and
pegfilgrastim for the indication of febrile neutropenia.'®?"' The NCCN and the EORTC guidelines currently
recommend either G-CSF equally for treatment."""® Moreover, with the lack of clinical studies comparing
the efficacy of the G-CSFs and GM-CSF, the ASCO guidelines do not provide recommendations
regarding the specific types of products,'” whereas the NCCN states filgrastim and pedfilgrastim have
stronger evidence than sargramostim supporting their use."" Additional studies are needed to determine
the safety and efficacy differences among the G-CSFs and GM-CSF in febrile neutropenia as well as the
other indications.
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New Drug Overview
Diclegis® (doxylamine succinate/pyridoxine hydrochloride)

Overview/Summary: Viberzi® (eluxadoline) is a p-opioid receptor agonist/d-opioid receptor
antagonist/k-receptor agonist indicated in adults for the treatment of irritable bowel syndrome with
diarrhea (IBS-D). It is a locally active visceral analgesic, with low systemic absorption and
bioavailability. The p-opioid agonist activity works by inhibiting gastrointestinal (Gl) motility and
secretion and the &-opioid receptor antagonism works by m|t|gat|ng against the constipating effects of
unopposed peripherally acting p-opioid receptor agonlst 2This agent was assigned a Schedule v
designation due to its documented low potential for abuse and low risk of dependence

IBS is a functional bowel disorder characterized by chronic abdominal pain and altered bowel habits,
in the absence of obvious structural or inflammatory abnormalities. It is thought to affect
approximately 5 to 15% of the general population with the majority of cases occurring in individuals
between the ages of 15 and 65 years. Although the exact cause of IBS-D is not known, symptoms
are thought to result from a disturbance in the way the Gl tract and nervous system interact. IBS-D is
a subset of irritable bowel syndrome that is defined as the presence of loose or watery stools with =
25 percent of bowel movements and hard or lumpy stools with < 25 percent of bowel movements.
This subtype accounts for approximately one-third of all IBS cases in the U.S. Rome Il criteria are
currently considered the “Gold Standard” for the diagnosis of IBS. These include recurrent abdominal
pain or discomfort for at least three days per month in the last three months associated with two or
more of the following: improvement with defecation, onset associated with a change in stool
frequency, onset associated with a change in stool form.®

Currently there are a few therapeutic options that exist to manage the symptoms of abdominal pain,
bloating, diarrhea and fecal urgency. These include non-pharmacologic options of lifestyle and dietary
modifications as well as pharmacologic therapies such as antidiarrheals (e.g., loperamide), bile acid
sequestrants (e.g., cholestyramine, colestipol, and colesevelam), antispasmodics for abdominal pain
(e.g., hyoscyamine, dicyclomine), tricyclic anhdepressants (TCASs) (e.g., amitriptyline) and selective
serotonin reuptake inhibitors (SSRIs) (e.q., sertrallne) The only other FDA-approved treatments for
IBS-D currently include Xifaxan® (rifaximin) which received this expanded indication in 2015 and
Lotronex® (alosetron) which is restricted to women and requires prescribers to enroll in the
Prometheus Prescribing Program due to its black box warnmg for potentially serious Gl adverse
reactions such as ischemic colitis and severe constlpatlon

Table 1. Dosing and Administration’

S (TR Adult Dose Pediatric Dose Availability
Eluxadoline Irritable bowel syndrome with diarrhea: | Safety and efficacy | Tablet:
(Viberzi®) Tablet: initial, maintenance, maximum, in children have 75 mg
100 mg BID with food not been 100 mg
established.
For individuals with IBS-D who do not
have a gallbladder, are unable to
tolerate the 100 mqg dose, are receiving
concomitant OATP1B1 inhibitors or
have mild or moderate hepatic
impairment (Child-Pugh class A or B):
Tablet: initial, maintenance and
maximum, 75 mg BID with food
BID=twice daily
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New Drug Overview: doxylamine succinate/pyridoxine hydrochloride (Diclegis®)

Evidence-based Medicine
The safety and efficacy of eluxadoline (Viberzi®) in the treatment of IBS-D was established in two
identical randomized, multi-center, double-blind, placebo-controlled phase lll clinical trials in adults
with IBS-D (IBS-3001 and IBS-3002). Both trials were 26 weeks long. Individuals were randomized to
receive twice daily placebo, eluxadoline 75 mg or eluxadoline 100 mg. In Study IBS-3001, the double-
blinded treatment period was continued for an additional 26 weeks to monitor long-term safety (total
of 52 weeks of treatment), followed by a two-week follow-up. Study IBS-3002 included a four-week
single-blinded, placebo-withdrawal period upon completion of the 26-week treatment period. Efficacy
of eluxadoline was assessed in both trials using an overall composite responder primary endpoint.
This was defined by patients meeting the daily response criteria (pain and stool consistency) for >
50% of the days with diary entries for two criteria: daily pain response (improvement in WAP scores in
the past 24 hours by > 30% compared to baseline) and daily stool consistency (BSS score < five or
the absence of a bowel movement if accompanied by > 30% improvement in WAP compared to
baseline pain). The primary endpoints for the IBS-3001 trial, showed that the proportion of composite
responders for the 75 mg and 100 mg treatment groups had a statistically greater response than
placebo for weeks 1 to 12 (P<0.025) and weeks 1 to 26 for the 100 mg treatment group (P<0.001). In
the IBS-3002 trial, the proportion of composite responders for the eluxadoline 75 mg and 100 mg
groups had a statistically greater response than placebo for weeks 1 to 12 (P<0.001) and weeks 1 to
26 (P=0.001). The onset for response was noted to be within the first week of dosing in both trials.> '

Key Points within the Medication Class
Due to limited therapeutic options for the treatment of IBS-D, clinical guidelines have consistently
provided only moderate or weak recommendations for the use of all agents, new and old.”®
o0 All current clinical guidelines suggest rifaximin, alosetron, TCAs, SSRIs, and antispasmodics
are effective, but their place in therapy is not well defined and varies by guideline.
Loperamide was granted a conditional recommendation by the American Gastrointestinal
Association (AGA) due to its usefulness as a potential adjunctive therapy for the
management of diarrhea, however the American College of Gastroenterology (ACG) and
World Gastroenterology Organization Global Guidelines do not recommend its use due to no
relief of the global symptoms of IBS-D."®
o Only the World Gastroenterology Organization mentions the use of eluxadoline, but
acknowledges that although it has been approved for use in the United States, its position in
the management of IBS is difficult to define at this time.’

Other Key Facts:
o Efficacy of Viberzi® (eluxadoline) beyond 26 weeks has not been established.
0 This agent has shown equal efficacy in men and women, unlike alosetron which is indicated
only in women.”

Page 2 of 3
Copyright 2016 « Review Completed on 3/1/16



New Drug Overview: doxylamine succinate/pyridoxine hydrochloride (Diclegis®)

References

1.
2.
3.

10.

Viberzi® [package insert]. Parsippany (NJ): Actavis; 2015 May.

Viberzi® (eluxadoline) product dossier V3.1. 2015 Nov. 18. Actavis. Data on file.

Allergan announces U.S. availability of Viberzi (eluxadoline) for treatment of irritable bowel syndrome
with diarrhea (IBS-D) in adults. 2015 Dec 14 [cited 2015 Dec 31]. Available from:
http://www.fiercepharmamarketing.com/press-releases/allergan-announces-us-availability-viberzitm-
eluxadoline-treatment-irritabl.

Quigley EM, Fried M, Gwee KA, Khalif I, Hungin P, Lindberg G, et al. World Gastroenterology
Organisation Global Guidelines: Irritable Bowel Syndrome: a Global Perspective. Milwaukee (WI);
2015 Sep [cited 2015 Dec 31]. Available from:
http://www.worldgastroenterology.org/guidelines/global-guidelines/irritable-bowel-syndrome-
ibs/irritable-bowel-syndrome-ibs-english.

Wald A. Treatment of irritable bowel syndrome in adults. In:Basow DS Ed). UpToDate [database on
the Internet]. Waltham (MA): UpToDate; 2015 [cited 2015 Dec 31]. Available from:
http://www.uptodate.com/contents/treatment-of-irritable-bowel-syndrome-in-
adults?source=search_result&search=ibs+diarrhea&selectedTitle=1%7E150.

Micromedex® Healthcare Series [database on the Internet]. Greenwood Village (CO): Thomson
Reuters (Healthcare) Inc.; Updated periodically [cited 2015 Dec 31]. Available from:
http://www.thomsonhc.com/.

Weinberg DS, Smalley W, Heidelbaugh JJ, Sultan S. American Gastroenterological Association
Institute: Guideline on the Pharmacological Management of Irritable Bowel Syndrome. Gastroenterol.
2014;147:1146-48.

Ford AC, Moayyedi P, Lacy BE, Lembo AJ, Saito YA, Schiller LR, et al. American College of
Gastroenterology monograph on the management of irritable bowel syndrome and chronic idiopathic
constipation. Am J Gastroenterol. 2014;109 (1):S2 — S26.

Quigley EM, Fried M, Gwee KA, Khalif I, Hungin P, Lindberg G, et al. World Gastroenterology
Organisation Global Guidelines: Irritable Bowel Syndrome: a Global Perspective. Milwaukee (WI);
2015 Sep. Available from: http://www.worldgastroenterology.org/guidelines/global-guidelines/irritable-
bowel-syndrome-ibs/irritable-bowel-syndrome-ibs-english.

Lembo AJ, Lacy BE, Zuckerman MJ, Schey R, Dove LS, Andrae DA, et al. Eluxadoline for irritable
bowel syndrome with diarrhea. N Eng J Med. 2016 Jan 21; 374(3):242-253.

Page 3 of 3
Copyright 2016 « Review Completed on 3/1/16



New Drug Review
Viberzi® (eluxadoline)

Overview/Summary

Viberzi® (eluxadoline) is a p-opioid receptor agonist/d-opioid receptor antagonist/k-receptor agonist
indicated in adults for the treatment of irritable bowel syndrome with diarrhea (IBS-D). It is a locally active
visceral analgesic, with low systemic absorption and bioavailability. The y-opioid agonist activity works by
inhibiting gastrointestinal (Gl) motility and secretion and the &-opioid receptor antagonism works by
mitigating against the constipating effects of unopposed peripherally acting y-opioid receptor agonlst
This agent was aSS|gned a Schedule |V designation due to its documented low potential for abuse and
low risk of dependence

IBS is a functional bowel disorder characterized by chronic abdominal pain and altered bowel habits, in
the absence of obvious structural or inflammatory abnormalities. It is thought to affect approximately 5 to
15% of the general population with the majority of cases occurring in individuals between the ages of 15
and 65 years. Although the exact cause of IBS-D is not known, symptoms are thought to result from a
disturbance in the way the Gl tract and nervous system interact. IBS-D is a subset of irritable bowel
syndrome that is defined as the presence of loose or watery stools with = 25 percent of bowel movements
and hard or lumpy stools with < 25 percent of bowel movements. This subtype accounts for approximately
one-third of all IBS cases in the U.S. Rome Il criteria are currently considered the “Gold Standard” for the
diagnosis of IBS. These include recurrent abdominal pain or discomfort for at least three days per month
in the last three months associated with two or more of the following: improvement with defecatlon onset
associated with a change in stool frequency, onset associated with a change in stool form.°

Currently there are a few therapeutic options that exist to manage the symptoms of abdominal pain,
bloating, diarrhea and fecal urgency. These include non-pharmacologic options of lifestyle and dietary
modifications as well as pharmacologic therapies such as antidiarrheals (e.g., loperamide), bile acid
sequestrants (e.g., cholestyramine, colestipol, and colesevelam), antispasmodics for abdominal pain
(e.g., hyoscyamine, dicyclomine), tricyclic anhdepressants (TCAS) (e.g., amitriptyline) and selective
serotonin reuptake |nh|b|tors (SSRIs) (e.g., sertrallne) The only other FDA-approved treatments for IBS-
D currently include Xifaxan® (rifaximin) which received this expanded indication in 2015 and Lotronex®
(alosetron) which is restricted to women and requires prescribers to enroll in the Prometheus Prescribing
Program due to its black box warning for potentially serious Gl adverse reactions such as ischemic colitis
and severe constipation.®

Due to limited therapeutic options for the treatment of IBS-D, clinical guidelines have consistently
provided only moderate or weak recommendations for the use of all agents, new and old. All current
clinical guidelines suggest rifaximin, alosetron, TCAs, SSRIs, and antispasmodics are effective, but their
place in therapy is not well defined and varies by guideline. Loperamide was granted a conditional
recommendation by the American Gastrointestinal Association (AGA) due to its usefulness as a potential
adjunctive therapy for the management of diarrhea, however the American College of Gastroenterology
(ACG) and World Gastroenterology Organization Global Guidelines do not recommend its use due to no
relief of the global symptoms of IBS-D. Only the World Gastroenterology Organization mentions the use
of eluxadoline, but acknowledges that although it has been approved for use in the United States, its
position in the management of IBS is difficult to define at this time.”

Indications
Viberzi® is indicated in adults for the treatment of irritable bowel syndrome with diarrhea.
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Pharmacokinetics

Table 1. Pharmacokinetics'?

. A Time to Peak Renal . . Serum
Generic Name Bloav(ao}(i;lblllty Concentration | Excretion (Hai??vttlacm'vtle?;%%cl)iltlzg Half-Life
(hours) (%) (hours)
. . 1.5 Metabolism not well
Eluxadoline Not determined (range 1 to 8) <1 established 3.7t06

Clinical Trials

The safety and efficacy of eluxadoline in the treatment of IBS-D was established in two identical
randomized, multi-center, double-blind, placebo-controlled phase lll clinical trials in adults with IBS-D
(IBS-3001 and IBS-3002). Both trials were 26 weeks long. Individuals were randomized to receive twice
daily placebo, eluxadoline 75 mg or eluxadoline 100 mg. In Study IBS-3001, the double-blinded treatment
period was continued for an additional 26 weeks to monitor long-term safety (total of 52 weeks of
treatment), followed by a two-week follow-up. Study IBS-3002 included a four-week single-blinded,
placebo-withdrawal period upon completion of the 26-week treatment period. During the double-blind
treatment phase and the single-blinded placebo withdrawal phase, patients were allowed to take
loperamide rescue medication for the acute treatment of uncontrolled diarrhea, but were not allowed to
take any other antidiarrheal, antispasmodic agent or rifaximin for their diarrhea.”"°

Efficacy of eluxadoline was assessed in both trials using an overall composite responder primary
endpoint. This was defined by patients meeting the daily response criteria (pain and stool consistency) for
> 50% of the days with diary entries for two criteria: daily pain response (improvement in WAP scores in
the past 24 hours by > 30% compared to baseline) and daily stool consistency (BSS score < five or the
absence of a bowel movement if accompanied by > 30% improvement in WAP compared to baseline
pain). The primary endpoints for the IBS-3001 trial, showed that the proportion of composite responders
for the 75 mg and 100 mg treatment groups had a statistically greater response than placebo for weeks 1
to 12 (P<0.025) and weeks 1 to 26 for the 100 mg treatment group (P<0.001). In the IBS-3002 trial, the
proportion of composite responders for the eluxadoline 75 mg and 100 mg groups had a statistically
greater response than placebo for weeks 1 to 12 (P<0.001) and weeks 1 to 26 (P=0.001). The onset for
response was noted to be within the first week of dosing in both trials.2 '

Secondary endpoints in the IBS-3001 trial that were noted to be significant included the proportion of
stool consistency responders in the eluxadoline 75 mg group (P=0.008) and 100 mg group (P<0.001)
compared with placebo for weeks 1 to 12 and the eluxadoline 100 mg group only (P=0.001) during weeks
1 to 26. The proportion of IBS-D global symptom responders was statistically significant compared with
placebo for the eluxadoline 75 mg group (P=0.048) from weeks 1 to 12 and from weeks 21 to 24
(P=0.024). Lastly, the proportion of patients who reported adequate relief of their IBS symptoms was
statistically significant for the eluxadoline 100 mg group (P< 0.005) compared with placebo over weeks 1
to 12 and weeks 1 to 26 (P=0.005). This was also apparent for the eluxadoline 75 mg group (P=0.008)
compared to placebo over weeks 1 to 12,210

The IBS-3002 trial also showed significant responses in the eluxadoline groups for several secondary
endpoints. The proportion of stool consistency responders for the 75 mg and 100 mg eluxadoline
treatment groups was statistically significant compared to placebo over weeks 1 to 12 and weeks 1 to 26
(P<0.001). A larger proportion of IBS-D global symptom responders for the 75 mg and 100 mg
eluxadoline treatment groups had a statistically greater response than placebo over weeks 1 to 12
(P<0.001) and weeks 1 to 26 (P<0.012). The proportion of IBS-adequate relief (AR) responders for the
eluxadoline 75 mg and 100 mg treatment groups was also greater than placebo (P<0.013) over weeks 1
to 12 and weeks 1 to 26.%™°
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Table 2. Clinical Trials

Study Study Design Sample Size
and and and Study End Points Results
Drug Regimen Demographics Duration

Lembo et al*™ DB, MC, PC, PG, RCT N=1,282 Primary: Primary:

IBS 3001 Evaluation of The proportion of composite responders for the eluxadoline 75 mg
Patients from 18 to 80 Treatment composite responders | (23.9%; P=0.014) and 100 mg (25.1%; P=0.004) groups had a

Eluxadoline 75 mg BID | years of age with a phase=52 over the initial 12 statistically greater response than placebo (17.1%) over weeks 1 to 12.
documented diagnosis weeks weeks (for the FDA) In addition, the proportion of composite responders for the 100 mg group

Vs

eluxadoline 100 mg
BID

VS

placebo BID

of IBS-D (by Rome Il
criteria), daily average
WAP > 3.0 (on a 10-
point scale), average
BSS score of >5.5
and at least five days
with a BSS score of > 5
on BSS scale (on a 7-
point scale), IBS-D
global symptom score
> 2.0 (on a 4-point
scale)

and initial 26 weeks
(for the EMA) of DB
treatment (composite
responders were
defined as patients
meeting the daily
response criteria
[pain and stool
consistency] for =2 50%
of the days with diary
entries on the
following two criteria:
daily pain response
[improvement in WAP
scores in the past 24
hours by = 30%
compared to baseline]
and daily stool
consistency response
[BSS score < five or
the absence of a
bowel movement if
accompanied by =
30% improvement in
WAP compared to
baseline])

Secondary:
Pain response and
stool consistency

(29.3%, P<0.001) had a statistically greater response than placebo
(19.0%) over weeks 1 to 26.

Secondary:

The proportion of pain responders was numerically higher in the
eluxadoline 75 mg (43.2%; P=0.284) and 100 mg (42.4%; P=0.404)
groups compared to placebo (39.6%) over weeks 1 to 12 but not
statistically significant. This was the same for weeks 1 to 26.

The proportion of stool consistency responders was statistically
significant in the eluxadoline 75 mg group (P=0.008) and 100 mg group
(P<0.001) compared with placebo for weeks 1 to 12 and the eluxadoline
100 mg group only (P=0.001) during weeks 1 to 26.

The proportion of IBS-D global symptom responders was statistically
significant compared with placebo for the 75 mg group (P=0.048) from
weeks 1 to 12 and from weeks 21 to 24 (P=0.024).

The proportion of patients who reported adequate relief of their IBS
symptoms was statistically significant for the eluxadoline 100 mg group
(P=< 0.005) compared with placebo over weeks 1 to 12 and weeks 1 to 26.
This was also apparent for the eluxadoline 75 mg group (P=0.008)
compared to placebo over weeks 1 to 12.

The risks for frequency of bowel movements and urgency episodes were
noted to be significantly lower for the eluxadoline 75 mg and 100 mg
groups throughout week 26 compared to placebo using a longitudinal
model. No P values were reported.

The proportion of IBS-QOL total score responders for the eluxadoline 100
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Study
and
Drug Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

response based on
improvement from
baseline in daily
abdominal pain scores
and stool consistency
scores, IBS-D global
symptom response
(i.e., symptom score
of 0 [none] or 1 [mild]
or a daily IBS-D global
symptom score
improved by > 2.0
compared to the
baseline average),
IBS-QOL response
(i.e., at least a 14-
point improvement in
IBS-QOL total score
from baseline to the
applicable visit), IBS-
AR response (i.e.,
weekly response of
‘yes’ to adequate relief
of their symptoms for
= 50% of the total
weeks during the
interval), abdominal
bloating and
discomfort, bowel
function and QOL
response with IBS-
QOL

mg group was higher than placebo at most weeks evaluated and
significantly higher than placebo (P<0.05) at weeks 4 and 8. The
proportion of IBS-QOL total score responders for the eluxadoline 75 mg
group was numerically higher or similar to placebo but not significantly
different.

The overall incidence of AEs was similar across treatment groups with
most being mild to moderate in severity. Gl symptoms were the most
commonly reported AEs and included constipation, nausea, abdominal
pain, distension, vomiting, flatulence and diarrhea.

Lembo et al®™’

IBS 3002

Eluxadoline 75 mg BID

DB, MC, PC, PG, RCT

Patients from 18 to 80
years of age with a

N=1,145

Treatment
phase=26

Primary:

Evaluation of
composite responders
over the initial 12

Primary:

The proportion of composite responders for the eluxadoline 75 mg and
100 mg groups had a statistically greater response than placebo for
weeks 1 to 12 (P<0.001) and weeks 1 to 26 (P=0.001). The onset of
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Study Study Design Sample Size
and and and Study End Points Results
Drug Regimen Demographics Duration
documented diagnosis weeks weeks (for the FDA) response for both eluxadoline treatment groups occurred within the first

Vs

eluxadoline 100 mg
BID

Vs

placebo BID

of IBS-D (by Rome llI
criteria), daily average
WAP > 3.0 (on a 10-
point scale), average
BSS score of >5.5
and at least five days
with a BSS score of > 5
on BSS scale (on a 7-
point scale), IBS-D
global symptom score
> 2.0 (on a 4-point
scale)

and initial 26 weeks
(for the EMA) of DB
treatment (composite
responders were
defined as patients
meeting the daily
response criteria
[pain and stool
consistency] for =2 50%
of the days with diary
entries on the
following two criteria:
daily pain response
[improvement in WAP
scores in the past 24
hours by = 30%
compared to baseline]
and daily stool
consistency response
[BSS score < five or
the absence of a
bowel movement if
accompanied by =
30% improvement in
WAP compared to
baseline])

Secondary:

Pain response and
stool consistency
response based on
improvement from
baseline in daily
abdominal pain scores
and stool consistency

week of dosing.

Secondary:

The proportion of pain responders for the 75 mg and 100 mg treatment
groups was numerically higher than placebo, but not statistically
significant, over weeks 1 t012 and weeks 1 to 26.

The proportion of stool consistency responders for the 75 mg and 100 mg
eluxadoline treatment groups was statistically significant (P<0.001)
versus placebo over weeks 1 to 12 and weeks 1 to 26. The proportion of
stool consistency responders was significantly higher than placebo for the
75 mg (P<0.05) and 100 mg eluxadoline groups (P<0.001) over each 4-
week interval.

The proportion of IBS-D global symptom responders for the 75 mg and
100 mg eluxadoline treatment groups was statistically greater than that of
placebo over weeks 1 to 12 (P<0.001) and weeks 1 to 26 (P<0.012).

The proportion of IBS-AR responders for the 75 mg and 100 mg
treatment groups was statistically greater compared to placebo (P<
0.013) over weeks 1 to 12 and weeks 1 to 26.

When analyzed over time using a longitudinal model, daily abdominal
bloating scores were significantly lower than placebo for the 100 mg
treatment group at weeks 16, 20, 24, and 26; daily abdominal discomfort
scores were significantly lower than placebo for both eluxadoline
treatment groups at each time point evaluated through week 26 (no P
values reported).

When analyzed over time using a longitudinal model, the risks for
frequency of bowel movements and urgency episodes were significantly
lower than placebo for both eluxadoline treatment groups at each time
point evaluated through week 26 (no P values reported).

Patients in both eluxadoline treatment groups had significantly better
HRQOL than placebo patients at each time point assessed based on a
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Study
and
Drug Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

scores, IBS-D global
symptom response
(i.e., symptom score
of 0 [none] or 1 [mild]
or a daily IBS-D global
symptom score
improved by > 2.0
compared to the
baseline average),
IBS-QOL response
(i.e., at least a 14-
point improvement in
IBS-QOL total score
from baseline to the
applicable visit), IBS-
AR response (i.e.,
weekly response of
‘yes’ to adequate relief
of their symptoms for
> 50% of the total
weeks during the
interval), abdominal
bloating and
discomfort, bowel
function and QOL
response with IBS-
QOL

longitudinal analysis of IBS-QOL total scores.

Gl AEs were the most commonly reported AEs and included constipation,
nausea, vomiting, abdominal pain, distension, and flatulence.
Constipation occurred in < 10% of patients in each treatment group, with
most events being mild or moderate in severity.

Pooled data from IBS 3001 and IBS 3002 trials resulted in five cases out
of 1,666 patients (0.3%) for pancreatitis and eight cases out of 1,666
patients (0.5%) for spasm of the sphincter of Oddi. No deaths were
reported during these studies.

Drug regimen abbreviations: BID=twice daily
Study abbreviations: DB=double-blind, MC=multicenter, PC=placebo-controlled, PG=parallel-group, RCT=randomized controlled trial

AEs=adverse events, BSS= Bristol Stool Scale, CR=clinical response, EQ-5D=Euro-Qol-5dimension, EMA=European Medicines Agency, FDA=Food and Drug Administration, Gl=gastrointestinal,
HRQOL=health-related quality of life, IBS=irritable bowel syndrome, IBS-AR=IBS-adequate relief, IBS-QOL= IBS-quality of life, IBS-SSS=IBS-Symptom Severity Score, QOL=quality of life,

WAP=worst abdominal pain
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Special Populations

Table 3. Special Populations1

Generic Population and Precaytion :
Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction Dysfunction Category | Breast Milk
Eluxadoline | No evidence of overall | Not studied in | Increased Not studied | Unknown;
differences in safety or | renal concentration in in use with
efficacy observed dysfunction. mild or moderate pregnancy | caution
between elderly and impairment.
younger adult patients. Reduce dose to
75 mg twice daily
Safety and efficacy in in these patients.
children have not been
established Contraindicated
in severe hepatic
impairment.

Adverse Drug Events

Clinical trials data from over 1,700 patients with IBS-D receiving eluxadoline had a resulting sphincter of
Oddi spasm in 0.2% (2/807) of patients receiving 75 mg twice daily and in 0.8% (8/1,032) of patients
receiving 100 mg twice daily. Common adverse reactions reported in > 2% of IBS-D patients in either
eluxadoline treatment group and at an incidence greater than in the placebo group are shown below in
Table 4.

Table 4. Common Adverse Reactions in the Placebo-Controlled Studies in IBS-D Patients'?

Reported Frequency

Eluxadoline 100 mg Eluxadoline 75 mg Placebo
Twice Daily (%), Twice Daily (%), (%), N=975
N=1,032 N=807

Adverse Event

Abdominal distention

Abdominal pain*

Bronchitis

Constipation

Dizziness

Fatigue

Flatulence

Increased ALT

Nasopharyngitis

Nausea

Rash'

Upper respiratory
tract infection

Viral gastroenteritis

Al O (WINWWIWIN[W[o|W|N|W

BlW| W [ WOOIARINWWWNWO|W
=N B INOAOW=2ININININNIAIN

Vomiting

*Abdominal pain includes: upper and lower abdominal pain

tRash includes: dermatitis, dermatitis allergic, rash erythematous, rash generalized, rash maculopapular, rash pruritic, urticaria and
idiopathic urticaria

ALT=alanine aminotransferase
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Contraindications

Table 5. Contraindications’?

Contraindication Eluxadoline
Known or suspected biliary duct obstruction or sphincter of Oddi disease or
dysfunction; eluxadoline may place patients at an increased risk of sphincter a

of Oddi spasm.
Alcoholism, alcohol abuse or in those who drink more than three alcoholic

beverages per day; patients are at an increased risk of acute pancreatitis. a
History of pancreatitis or structural disease of the pancreas; patients are at

an increased risk for acute pancreatitis. a
Severe hepatic impairment (Child-Pugh Class C); patients are at risk for a 16 a

fold increase in plasma concentrations of eluxadoline.

History of chronic or severe constipation or known or suspected mechanical
gastrointestinal obstruction; patients may be at risk for severe complications a
of bowel obstruction.

Warnings/Precautions

Table 6. Warnings and Precautions’

Warning/Precaution Eluxadoline

Sphincter of Oddi spasm); there is a potential for increased risk of sphincter
of Oddi spasm, resulting in pancreatic or hepatic enzyme elevation
associated with acute abdominal pain with eluxadoline. Consider alternative
therapies before using this agent in patients without a gallbladder. If
decision is made to use in individuals without a gallbladder, use a reduced
dosage of 75 mg twice daily. Instruct patients to stop eluxadoline and seek
medical attention if they experience symptoms suggestive of sphincter of a
Oddi spasm such as acute worsening of abdominal pain, (e.g. acute
epigastric or biliary [i.e., right upper quadrant] pain), that may radiate to the
back or shoulder with or without nausea and vomiting, associated with
elevations of pancreatic enzymes or liver transaminases. Do not restart this
agent in patients who developed biliary duct obstruction or sphincter of
Oddi spasm while taking eluxadoline.

Pancreatitis; there is a potential for increased risk of pancreatitis, not
associated with sphincter of Oddi spasm while taking eluxadoline. Instruct
patients to avoid chronic or acute excessive alcohol use while taking
eluxadoline. Monitor for new or worsening abdominal pain that may radiate
to the back or shoulder, with or without nausea and vomiting. Instruct a
patients to stop this medication and seek medical attention if they
experience symptoms suggestive of pancreatitis such as acute abdominal
or epigastric pain radiating to the back associated with elevations of
pancreatic enzymes.

Drug Interactions

Table 6. Drug Interactions°

Interacting Medication or Interaction .

Disease Severity Rating* PRI [Resul
OATP1B1 Inhibitors (e.g., Concurrent use may result in increased eluxadoline
cyclosporine, gemfibrozil, exposure. Reduce dose of eluxadoline to 75 mg
antiretrovirals [atazanauvir, Maijor twice daily and monitor patients for impaired mental
lopinavir, saquinavir, or physical abilities needed to perform potentially
tipranavir], eltrombopag hazardous activities and for other eluxadoline-
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Interacting Medication or
Disease

Interaction

Severity Rating* Potential Result

and rifampin)

related adverse reactions.

Strong CYP Inhibitors
(e.g., ciprofloxacin
[CYP1A2], gemfibrozil
[CYP2C8], fluconazole
[CYP2C19], clarithromycin
[CYP3A4], paroxetine and
bupropion [CYP2D6])

Concurrent use may result in increased eluxadoline
exposure. Monitor patients for impaired mental or
physical abilities needed to perform potentially

Not listed hazardous activities and for other eluxadoline-
related adverse reactions.

Drugs that cause
constipation (e.g.,
alosetron, anticholinergics,
opioids, etc.)

Avoid use with other drugs that may cause
constipation as there is an increased risk for
constipation related adverse reactions if given
concurrently. Loperamide may be used
occasionally for acute management of severe
diarrhea but chronic use should be avoided.

Not listed

*Severity rating per Micromedex

Dosage and Administration

Table 7. Dosing and Administration'?

maximum, 100 mg BID with food

For individuals with IBS-D who do not

Generic Name Adult Dose Pediatric Dose Availability
Eluxadoline Irritable Bowel Syndrome with Safety and efficacy in | Tablet:
Diarrhea: children have not 75 mg
Tablet: initial, maintenance, been established. 100 mg

have a gallbladder, are unable to

tolerate the 100 mg dose, are

receiving concomitant OATP1B1

inhibitors or have mild or moderate

hepatic impairment (Child-Pugh class

A or B):

Tablet: initial, maintenance and
maximum, 75 mg BID with food

BID=twice daily

Clinical Guidelines

Table 8. Clinical Guidelines

Clinical Guideline

Recommendations

Gastroenterological
Association (AGA)
Institute:

Guideline on the
Pharmacological
Management of
Irritable Bowel

American IBS-C

The use of linaclotide is recommended. (Recommendation: strong; high
quality evidence)

The use of lubiprostone (over no drug treatment) is recommended.
(Conditional recommendation; moderate-quality evidence)

The use of laxatives (over no drug treatment) is suggested. (Conditional
recommendation; low-quality evidence)

Syndrome (2014)’ IBS-D

The use of rifaximin (over no drug treatment) is suggested. (Conditional
recommendation; moderate-quality evidence)
The use of alosetron (over no drug treatment) is suggested. (Conditional
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Clinical Guideline

Recommendations

recommendation; moderate evidence)
The use of loperamide (over no drug treatment) is suggested. (Conditional
recommendation; very low-quality evidence)

IBS
The use of TCAs or SSRIs (over no drug treatment) is suggested.
(Conditional recommendation; low-quality evidence)
The use of antispasmodics (over no drug treatment) is suggested in
patients with IBS. (Conditional recommendation; low-quality evidence)

American College of
Gastroenterology
(ACG):

Monograph on the
Management of
Irritable Bowel
Syndrome and
Chronic Idiopathic
Constipation (2014)°

Irritable bowel syndrome (IBS):
Rome lll criteria for diagnosing IBS:

o0 Recurrent abdominal pain or discomfort at least three days per
month in the past three months associated with two or more of the
following: improvement with defecation, onset associated with a
change in frequency of stool, onset associated with a change in
form (appearance) of stool

Subtypes include IBS with constipation (IBS-C), IBS with diarrhea (IBS-D),
mixed-type (IBS-M) and unclassified (IBS-U).

Fiber provides overall symptom relief in IBS. (Recommendation: weak;
quality of evidence: moderate)

Probiotics improve global symptoms, bloating and flatulence in IBS.
(Recommendation: weak; quality of evidence: low)

Rifaximin has shown modest but consistent efficacy in non-constipated
IBS and seems to be well tolerated and safe over the time periods
evaluated.

Antispasmodics (hyoscine and dicyclomine) provide symptomatic short-
term relief in IBS. (Recommendation: weak; quality of evidence: low).
Peppermint oil is superior to placebo in improving IBS symptoms.
(Recommendation: weak; quality of evidence: moderate).

There is insufficient evidence to recommend loperamide for use in IBS. It
is an effective antidiarrheal but there is no evidence to support its use for
relief of global symptoms in IBS. (Recommendation strong, quality of
evidence very low)

Antidepressants (tricyclic antidepressants [TCAs] and selective serotonin
reuptake inhibitors [SSRIs]) are effective in symptom relief in IBS.
(Recommendation: weak; quality of evidence: high)

Alosetron is effective in females with diarrhea-predominant IBS.
(Recommendation: weak; quality of evidence: moderate)

The prosecretory agents linaclotide and lubiprostone are effective in
constipation-predominant IBS.

There is no evidence that polyethylene glycol (PEG) improves overall
symptoms and pain in patients with IBS. (Recommendation: weak; quality
of evidence: very low)

World
Gastroenterology
Organisation Global
Guidelines: Irritable
Bowel Syndrome: a
Global Perspective
(2015)°

Rome Il subclassification criteria:
IBS-D: loose stools>25% of time and hard stools< 25% of time, up to 1/3
of cases, more common in men
IBS-C: hard stools > 25% of time and loose stools< 25% of time, up to 1/3
of cases, more common in women
IBS-M: both hard and soft stools > 25% of time, 1/3 to 1/2 of cases
Un-subtyped IBS: insufficient abnormality of stool consistency to meet
criteria IBS-C or M.
Patients commonly transition between subtypes.
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Clinical Guideline Recommendations
Epidemiology:
- Prevalence of IBS in Europe and North America is estimated to be 10 to
15%.

IBS mainly occurs between the ages of 15 and 65 years.
Diagnosis is usually suspected on the basis of the patient’s history and
physical exam, without additional tests.

Management:

- Specialized diets may improve symptoms in some IBS patients (e.g., fiber-
rich diet or bulk-former combine with sufficient fluids, low in fermentable
oligo-, di-, and monosaccharides and polyols, wheat-free and gluten-free
diets)

Some probiotics give global relief of symptoms in IBS and others alleviate
individual symptoms such as bloating and flatulence. The duration of
benefits and the nature of the most effective species are not clear.

There is insufficient evidence for a general recommendation of prebiotics
or synbiotics in patients with IBS.

Overall symptoms- first-line therapy:
Some antispasmodics (hyoscine, dicyclomine, otilonium [unavailable in
U.S.], cimetropium [unavailable in U.S.], pinaverium [unavailable in U.S ],
and mebeverine [unavailable in U.S.]) provide symptomatic short-term
relief in IBS.
Peppermint oil is superior to placebo in improving IBS symptoms.

Overall symptoms- second-line therapy:
Laxatives
Antidiarrheals
TCAs and SSRIs are effective for symptom relief in IBS.
SSRIs may be considered in resistant IBS-C, although it is not currently
recommended that SSRIs be routinely prescribed for IBS in patients
without comorbid psychiatric conditions due to conflicting and limited data
on efficacy, safety and long-term outcomes.

Overall symptoms- other therapeutic options:
Rifaximin is effective in reducing overall symptoms in IBS-D. It may be
considered as second-line therapy but its efficacy and safety has not been
established beyond 16 weeks. Older patients and women were found to
have higher response rates.
Alosetron is useful for second-line therapy of IBS-D. It has however been
associated with an increased risk of ischemic colitis and may cause
severe constipation.
Lubiprostone is safe and effective for treatment of IBS-C.
Linaclotide is safe and effective for treatment of IBS-C.
There is insufficient evidence to recommend loperamide for use in IBS.
Mixed 5-HT4 agonists/5-HT3 antagonists are no more effective than
placebo at improving symptoms of IBS-C.
Renzapride (unavailable in U.S.) and cisapride have no benefit in IBS.
Evidence is lacking for the use of PEG for overall symptoms of IBS but it
may relieve constipation.
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Clinical Guideline Recommendations

Ondansetron improves urgency, diarrhea and bloating in IBS-D, but did
not help with pain. Ramosetron (unavailable in U.S.) should be considered
as second-line therapy in IBS-D.

Specific symptoms-pain:
If an analgesic is required, paracetamol (unavailable in U.S.) is preferable
to nonsteroidal anti-inflammatory drugs (NSAIDs). Avoid opiates due to
potential for dependence, addiction and undesirable side effects on the
gastrointestinal tract.
The probiotic strain Bifidobacterium infantis 35624 (one capsule per day)
has been shown to reduce pain, bloating, and defecatory difficulty and to
normalize stool habit in IBS patients, regardless of predominant bowel
habit
Antispasmodics, including peppermint oil, are still considered to represent
a first-line treatment for abdominal pain in patients with IBS.
TCAs (amitriptyline [starting dose: 10 mg/day, target dose 25 to 50 mg/day
at bedtime], desipramine [target dose: 50 mg/day, target dose 100 to 150
mg/day at bedtime]). Avoid use in constipated patients.
SSRIs (paroxetine 10 to 60 mg/day, citalopram 5 to 20 mg/day).
Linaclotide reduces abdominal pain in IBS-C.

Specific symptoms- diarrhea:
Loperamide (2 mg every morning or twice daily) is no more effective than
placebo in reducing pain, bloating and global symptoms of IBS but it is an
effective agent for management of diarrhea, reducing stool frequency and
improving stool consistency. However, there is insufficient evidence to
recommend loperamide for use in IBS.
Alosetron is indicated for women with severe IBS-D with symptoms > six
months and no response to antidiarrheal agents.
Eluxadoline and rifaximin have recently been approved in the U.S. for IBS-
D. However, it is difficult to define their position in IBS management at this
time.

Conclusions

Viberzi® (eluxadoline) is a first-in-class, oral, locally-acting agent with opioid activity: it is a combination p-
opioid receptor agonist, d-opioid receptor antagonist and k-receptor agonist. This agent now offers
another option for individuals diagnosed with IBS-D that is not adequately managed by conventional
treatment. Current clinical guidelines support the use of less costly alternatives and have not been
updated to address the use of eluxadoline and its place in therapy.7'9 However, in two phase Il studies in
IBS-D patients, eluxadoline demonstrated statistically significant improvements in abdominal pain and
stool consistency, and had beneficial effects on stool frequency, urgency, and global IBS symptom
scores.” In addition, this agent has shown equal efficacy in men and women, unlike alosetron which is
indicated only in women.? Of note, efficacy beyond 26 weeks has not been established. While this is
currently approved only for use in adults, additional studies in pediatric patients are underway.

Page 12 of 13
Copyright 2016 « Completed on 3/1/2016



New Drug Review: eluxadoline (Viberzi®)

References

1.
2.
3.

10.

Viberzi® [package insert]. Parsippany (NJ): Actavis; 2015 May.

Viberzi® (eluxadoline) product dossier V3.1. 2015 Nov. 18. Actavis. Data on file.

Allergan announces U.S. availability of Viberzi (eluxadoline) for treatment of irritable bowel syndrome
with diarrhea (IBS-D) in adults. 2015 Dec 14 [cited 2015 Dec 31]. Available from:
http://www.fiercepharmamarketing.com/press-releases/allergan-announces-us-availability-viberzitm-
eluxadoline-treatment-irritabl.

Quigley EM, Fried M, Gwee KA, Khalif I, Hungin P, Lindberg G, et al. World Gastroenterology
Organisation Global Guidelines: Irritable Bowel Syndrome: a Global Perspective. Milwaukee (WI);
2015 Sep [cited 2015 Dec 31]. Available from:
http://www.worldgastroenterology.org/guidelines/global-guidelines/irritable-bowel-syndrome-
ibs/irritable-bowel-syndrome-ibs-english.

Wald A. Treatment of irritable bowel syndrome in adults. In:Basow DS Ed). UpToDate [database on
the Internet]. Waltham (MA): UpToDate; 2015 [cited 2015 Dec 31]. Available from:
http://www.uptodate.com/contents/treatment-of-irritable-bowel-syndrome-in-
adults?source=search_result&search=ibs+diarrhea&selectedTitle=1%7E150.

Micromedex® Healthcare Series [database on the Internet]. Greenwood Village (CO): Thomson
Reuters (Healthcare) Inc.; Updated periodically [cited 2015 Dec 31]. Available from:
http://www.thomsonhc.com/.

Weinberg DS, Smalley W, Heidelbaugh JJ, Sultan S. American Gastroenterological Association
Institute: Guideline on the Pharmacological Management of Irritable Bowel Syndrome. Gastroenterol.
2014;147:1146-48.

Ford AC, Moayyedi P, Lacy BE, Lembo AJ, Saito YA, Schiller LR, et al. American College of
Gastroenterology monograph on the management of irritable bowel syndrome and chronic idiopathic
constipation. Am J Gastroenterol. 2014;109 (1):S2 — S26.

Quigley EM, Fried M, Gwee KA, Khalif I, Hungin P, Lindberg G, et al. World Gastroenterology
Organisation Global Guidelines: Irritable Bowel Syndrome: a Global Perspective. Milwaukee (WI);
2015 Sep. Available from: http://www.worldgastroenterology.org/guidelines/global-guidelines/irritable-
bowel-syndrome-ibs/irritable-bowel-syndrome-ibs-english.

Lembo AJ, Lacy BE, Zuckerman MJ, Schey R, Dove LS, Andrae DA, et al. Eluxadoline for irritable
bowel syndrome with diarrhea. N Eng J Med. 2016 Jan 21; 374(3):242-253.

Page 13 of 13
Copyright 2016 « Completed on 3/1/2016



New Drug Overview
Diclegis® (doxylamine succinate/pyridoxine hydrochloride)

Overview/Summary: Diclegis® (doxylamine succinate/pyridoxine hydrochloride) is a fixed dose
combination drug product of doxylamine succinate, an antihistamine, and pyridoxine hydrochloride, a
vitamin B6 analog. The agent is Food and Drug Administration (FDA)-approved for the treatment of
nausea and vomiting of pregnancy (NVP) in women who do not respond to conservative
management. It should be noted that the agent has not been studied in hyperemesis gravidarum.’
The combination of doxylamme and pyridoxine was previously available in the United States under
the brand name Bendectin®. However this product was removed from the market in 1983 due to law
suits alleging teratogenicity, although scientific evidence supports the safety and efficacy of the
medication. A meta-analysis of controlled studies on outcome of pregnancies exposed to Bendectin®
reported no increase in the incidence of birth defects.?

Doxylamine competes with histamine for H1-receptor sites and blocks the chemoreceptor trigger
zone thereby decreasing nausea and vomiting. Antihistamine agents also work indirectly on the
vestibular system by decreasing stimulation of the vomiting center. Hypotheses to explain the
antiemetic effects of pyridoxine include prevention/treatment of vitamin B6 deficiency, |ntr|n3|c
antinausea properties, and/or synergy with the antinausea properties of antihistamine.™

Nausea W|th or without vomiting is common in early pregnancy and affects 70 to 85% of pregnant
women.”* Severe vomiting resulting in dehydration and weight loss is termed hyperemesis
gravidarum and occurs infrequently. The treatment goals in patient with NVP are to reduce symptoms
through changes in diet/environment and by medication, to correct consequences or comphcatlons of
nausea and vomiting such as dehydration and to minimize the fetal effects of NVP treatment.?

Table 1. Dosing and Administration’

Generic Name

Adult Dose

Pediatric Dose

Availability

doxylamine
succinate/
pyridoxine
hydrochloride

Nausea and Vomiting of Pregnancy:
Delayed-release tablet: Initial, two
tablets QHS on day one; if symptoms
persist into day two increase dose to
one tablet QAM and two tablets QHS on
day three; if symptoms continue
increase to a maximum of four tablets
per day with one in the morning, one in
the mid-afternoon and two QHS

Safety and efficacy
in children have
not been
established.

Delayed-release
tablet:
10 mg/10 mg

NSAID=nonsteroidal anti-inflammatory drug

Evidence-based Medicine
FDA-approval of Diclegis® (doxylamine succinate/pyridoxine hydrochloride) was based on one
double-blind, randomized, multi-center, placebo-controlled study that evaluated the safety and
efficacy of the agent in pregnant adult women in the gestational age range of 7 to 14 weeks with

nausea and vomiting. Patients (N=298) were randomized to 14 days of placebo or two tablets daily at
bedtime and up to a maximum dose of four tablets of doxylamine succinate/pyridoxine hydrochloride.’
Doxylamine succinate/pyridoxine hydrochloride treatment resulted in a statistically significant
improvement in both the symptom and quality of life domains of the Pregnancy Unique-Quantification
of Emesis (PUQE) score. There was a 4.8 point mean decrease from baseline in the symptom
domain PUQE score at day 15 in the doxylamine succinate/pyridoxine hydrochloride group compared
to 3.9 point decrease in the placebo group. For quality of Ilfe there was also a 2.8 point mean
increase from baseline in the score at day 15 in the chlegls (doxylamine succinate/pyridoxine
hydrochloride) group compared to a 1.8 point decrease in the placebo group.
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New Drug Overview: doxylamine succinate/pyridoxine hydrochloride (Diclegis®)

A second study compared a five-day course of low-dose ondansetron to low-dose doxylamine
succinate/pyridoxine hydrochloride. The study concluded that ondansetron provided a statistically
significant reduction in the nausea and vomiting (P=0.019 and P=0.049, respectively). There were no
difference between groups for the side effects of sedation or constipation (P=0.707 and P=0.412,
respectively).®

Key Points within the Medication Class

According to Obstetrician-Gynecologists Clinical Management Guideline for Nausea and Vomiting of
Pregnancy®
0 Mild cases of nausea and vomiting may be resolved with lifestyle and dietary changes such
as eating frequent small meals or avoiding spicy or fatty foods.
o First-line pharmacotherapy with pyridoxine or in combination with doxylamine.
o If initial therapy with pyridoxine monotherapy fails and if this is inadequate for symptom
control then the addition of doxylamine is recommended.
o For patients who fail this combination, promethazine or dimenhydrinate can be substituted for
doxylamine. After this point, if the patient is still experiencing nausea and vomiting, options
include metoclopramide, trimethobenzamide, methylprednisolone or ondansetron.

Other Key Facts:
o Only FDA-approved agent for the treatment of nausea and vomiting of pregnancy.
o Initial dosing allows for once daily dosing.
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New Drug Review
Diclegis® (doxylamine succinate/pyridoxine hydrochloride)

Overview/Summary

Diclegis® (doxylamine succinate/pyridoxine hydrochloride) is a fixed dose combination drug product of
doxylamine succinate, an antihistamine, and pyridoxine hydrochloride, a vitamin B6 analog. The agent is
Food and Drug Administration (FDA)-approved for the treatment of nausea and vomiting of pregnancy
(NVP) in women who do not respond to conservatwe management. It should be noted that the agent has
not been studied in hyperemesis grawdarum The combination of doxylamme and pyridoxine was
previously available in the United States under the brand name Bendectin®. However this product was
removed from the market in 1983 due to law suits alleging teratogenicity, although scientific evidence
supports the safety and efficacy of the medication. A meta-analysis of controlled studies on outcome of
pregnancies exposed to Bendectin® reported no increase in the incidence of birth defects.?

Doxylamine competes with histamine for H1-receptor sites and blocks the chemoreceptor trigger zone
thereby decreasing nausea and vomiting. Antihistamine agents also work indirectly on the vestibular
system by decreasing stimulation of the vomiting center. Hypotheses to explain the antiemetic effects of
pyridoxine include prevention/treatment of vitamin B6 def|C|ency, intrinsic antinausea properties, and/or
synergy with the antinausea properties of antihistamine.”

Nausea W|th or without vomiting is common in early pregnancy and affects 70 to 85% of pregnant
women.>* Severe vomiting resulting in dehydration and weight loss is termed hyperemesis gravidarum
and occurs infrequently. The treatment goals in patient with NVP are to reduce symptoms through
changes in diet/environment and by medication, to correct consequences or co 2pl|cat|ons of nausea and
vomiting such as dehydration and to minimize the fetal effects of NVP treatment.” According to the
Obstetrician-Gynecologists Clinical Management Guideline for Nausea and Vomiting of Pregnancy, mild
cases of nausea and vomiting may be resolved with lifestyle and dietary changes such as eating frequent
small meals or avoiding spicy or fatty foods. For more severe cases, safe and effective treatments are
available. The guideline recommends the use of monotherapy with pyridoxine or in combination with
doxylamine as safe and effective and that these treatment options should be considered as first-line
pharmacotherapy. A treatment algorithm provided in the guideline indicates initial therapy with pyridoxine
monotherapy and if this is inadequate for symptom control then the addition of doxylamine is
recommended. For patients who fail this combination, promethazine or dimenhydrinate can be substituted
for doxylamine. After this point, if the patient is still experiencing nausea and vomiting, options include
metoclopramide, trimethobenzamide, methylprednisolone or ondansetron.*

Indications
Diclegis: is indicated for the treatment of nausea and vomiting of pregnancy in women who do not
respond to conservative management.

Pharmacokinetics

Table 1. Pharmacokinetics'

. T max . Serum Half-Life
Generic Name (hours) Excretion (hours)
Doxylamine succinate 7.8 Urine 12.5
Pyridoxine hydrochloride 5.6 Urine 0.5

Clinical Trials

FDA-approval of Diclegis® (doxylamine succinate/pyridoxine hydrochloride) was based on one double-
blind, randomized, multi-center, placebo-controlled study that evaluated the safety and efficacy of the
agent in pregnant adult women in the gestational age range of 7 to 14 weeks with nausea and vomiting.
Patients (N=298) were randomized to 14 days of placebo or two tablets daily at bedtime and up toa
maximum dose of four tablets of chlegls (doxylamine succinate/pyridoxine hydrochlorlde)
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New Drug Review: doxylamine succinate/pyridoxine hydrochloride (Dicleqis®)

The primary efficacy endpoint was the change from baseline to day-15 in the symptom domain and the
quality of life (QOL) domain of the Pregnancy Unique-Quantification of Emesis (PUQE) score. The
symptom domain score incorporates the number of daily vomiting episodes, number of daily heaves, and
length of daily nausea in hours, for an overall score of symptoms from 3 (no symptoms) to 15 (most
severe). The QOL domain score incorporates patient’s report of their present well-being from zero (worst
possible) to 10 (best pOSSIble)

Treatment with Diclegis® (doxylamine succinate/pyridoxine hydrochloride) resulted in a statistically
significant improvement in both the symptom and QOL domains of the PUQE score. There was a 4 8
point mean decrease from baseline in the symptom domain PUQE score at day 15 in the D|cleg|s
(doxylamine succinate/pyridoxine hydrochloride) group compared to 3.9 point decrease in the placebo
group. For QOL, there was also a 2.8 point mean increase from baseline in the score at day 15 in the
D|cleg|s (doxylamlne succinate/pyridoxine hydrochloride) group compared to a 1.8 point decrease in the
placebo group

Secondary endpoints included the day-by-day area under the curve for change in PUQE from baseline,
time loss from employment and the number of women in each arm who continued with blinded
compassionate use of their medication. The number of patients who reported concurrent use of alternate
therapy for nausea and vomiting were also recorded. Finally safety was examined. °

The mean area under the curve of the change in PUQE from baseline was significantly larger with
D|cleg|s (doxylamine succinate/pyridoxine hydrochloride) than with placebo. There was also a trend
toward more time lost from employment in the placebo group (2.37 days) compared to the D|cleg|s
(doxylamine succmate/pyrldoxme hydrochloride) group (0.92); however, this difference was not
statistically S|gn|f|cant

At the end of the 15 day trial, a significantly higher percentage of patients in the Diclegis® (doxylamine
succinate/pyridoxine hydrochloride) group (48.9%) compared to in the placebo group (32.8%) requested
to continue compassionate use of their medication. Significantly more patients recelvmg placebo (36%)
requested alternate therapies for nausea and vomltlng compared to the Diclegis® (doxylamine
succinate/pyridoxine hydrochloride) group (23.7%).°

For the Diclegis® (doxylamine succinate/pyridoxine hydrochloride) group and placebo group, respectively,
the most common treatment emergent adverse events included somnolence (14.5% vs 2%), dry mouth
(3.0% vs 0.8%), hypersensitivity (0.8% vs 0%) dizziness (6.0% vs 6.4%), headache (13.0% vs 16.0%),
and loss of consciousness (0% vs O. 8%)

A second study compared a five-day course of low-dose ondansetron to low-dose doxylamine/pyridoxine.
The study concluded that ondansetron provided a statistically significant reduction in the nausea and
vomiting (P=0.019 and P=0.049, respectively). There were no dlfference between groups for the side
effects of sedation or constipation (P=0.707 and P=0.412, respectively).®
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New Drug Review: doxylamine succinate/pyridoxine hydrochloride (Dicleqis®)

Table 2. Clinical Trials

Study Study Design Sample Size
and and and Study End Points Results
Drug Regimen Demographics Duration
Koren et al’ DB, MC, PC, RCT N=298 Primary: Primary:
Change from baseline | There was a 4.8 point mean decrease from baseline in the symptom
Doxylamine Pregnant women = 18 15 days to day-15 in symptom | domain PUQE score at day-15 in the doxylamine succinate/pyridoxine

succinate/pyridoxine
hydrochloride, two
tablets QHS, up to a
maximum dose of four
tablets per day

VS

placebo

years of age in the
gestational age range
of 7 to 14 weeks with
NVP and a PUQE
score = 6 and had not
responded to
conservative
management
consisting of
dietary/lifestyle advice

and QOL domain
PUQE scores

Secondary:
Day-by-day area
under the curve for
change in PUQE from
baseline, time loss
from employment,
number of women in
each arm who
continued with blinded
compassionate use of
their medication,
number of patients
who reported
concurrent use of
alternate therapy for
NVP, safety

hydrochloride group compared to 3.9 point decrease in the placebo group
(P=0.006).

There was a 2.8 point mean increase from baseline in QOL domain
PUQE score at day 15 in the doxylamine succinate/pyridoxine
hydrochloride group compared to 1.8 point decrease in the placebo group
(P=0.005).

Secondary:

The mean area under the curve of the change in PUQE from baseline as
measured day-by-day was significantly larger in the doxylamine
succinate/pyridoxine hydrochloride combination group compared (61.5) to
placebo (53.5) with the difference being statistically significant
((P<0.001).

There was a trend toward more time lost from employment in the placebo
group (2.37 days) compared to the doxylamine succinate/pyridoxine
hydrochloride combination group compared (0.92); however, it should be
noted that this difference was no statistically significant (P=0.06).

At the end of the 15-day trial, 48.9% of patients in the doxylamine
succinate/pyridoxine hydrochloride combination group compared to
32.8% in the placebo group requested to continue compassionate use of
their medication (P=0.009).

Significantly more women receiving placebo (36%), requested alternate
therapies for NVP compared to the doxylamine succinate/pyridoxine
hydrochloride combination group (23.7%). The difference was statistically
significant (P=0.04).

For the doxylamine succinate/pyridoxine hydrochloride combination
group and placebo group respectively the most common treatment

Page 3 of 8

Copyright 2016 » Completed on 2/29/2016




New Drug Review: doxylamine succinate/pyridoxine hydrochloride (Dicleqis®)

VS

pyridoxine/doxylamine
25/12.5 mg every eight
hours for five days

vomiting and less than
16 weeks of gestation

Reduction in vomiting
and the proportion of
patients reporting
sedation or
constipation while
using either study
regimen.

Study Study Design Sample Size
and and and Study End Points Results
Drug Regimen Demographics Duration

emergent adverse events included somnolence (14.5% vs 2%; P=0.54),
dry mouth (3.0% vs 0.8%; P=0.37), hypersensitivity (0.8% vs 0%;
P>0.99), dizziness (6.0% vs 6.4%; P=0.94), headache (13.0% vs 16.0%;
P=0.51), and loss of consciousness (0% vs 0.8%; P=0.49).

Oliveira et al’ AC, DB,DD, PC, RCT N=36 Primary: Primary:

Reduction in nausea There was a statistically significant difference for reduction in nausea in

Ondansetron 4 mg Women 18 years of 5 days on the VAS the ondansetron group compared with the pyridoxine/doxylamine group

every eight hours for age or older with (median 51 mm [interquartile range 37 to 64] compared with 20 mm

five days nausea with or without Secondary: [interquartile range 8 to 51]; P=0.019). In the ondansetron group, 12 out

of the 13 patients had a clinically significant reduction in nausea from
baseline (defined as a 25-mm or greater reduction in nausea on the
VAS); however, in the pyridoxine/doxylamine group, only 7 out of 17
patients had a clinically significant reduction from baseline. There was a
statically significant difference in the reduction of nausea from baseline in
favor of ondansetron (P=0.007).

Secondary:

The ondansetron group reported less vomiting on the VAS as compared
with the pyridoxine/doxylamine group (median 41 [interquartile range 17
to 57] compared with 17 [interquartile range -4 to 38]; P=0.049). In the
ondansetron group, 10 out of the 13 patients had a reduction in emesis
on the VAS; however, in the pyridoxine/doxylamine group, only 6 out of
17 patients had a reduction in emesis (P=0.033).

There was no difference between groups for sedation or constipation
(P=0.707 and P=0.412, respectively).

Drug regimen abbreviations:, QHS=every night at bedtime
Study abbreviations: DB=double-blind, MC=multicenter, PC=placebo-controlled, PUQE= Pregnancy Unique-Quantification of Emesis, RCT=randomized controlled trial, QOL=quality of life,

VAS=visual analog scales
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New Drug Review: doxylamine succinate/pyridoxine hydrochloride (Dicleqis®)

Special Populations

Table 3. Special Populations1

Population and Precaution

Gﬁgnizc Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction Dysfunction | Category | Breast Milk
Doxylamine Safety and efficacy Not studied in No dosage A Yes
succinate/pyri | in elderly patients renal dysfunction. | adjustment (Women
doxine have not been required.. should not
hydrochloride | established. breastfeed
while using
Safety and efficacy the agent)
in children have not
been established.
Adverse Drug Events
Table 4. Adverse Drug Events'
doxylamine succinate/
pyridoxine hydrochloride
Adverse Event dc_)xqumme succmatt_a/ placebo
pyridoxine hydrochloride N (%), N=128
N (%), N=133 '
Somnolence 19 (14.3) 15 (11.7)

Contraindications

Table 5. Contraindications’

Contraindication

doxylamine succinate/
pyridoxine hydrochloride

Concurrent use of a monoamine oxidase inhibitor as they intensify

ingredients in the formulation.

and prolong the adverse effects of the agent. a
Known hypersensitivity to doxylamine succinate other ethanolamine
derivative antihistamines, pyridoxine hydrochloride or any inactive a

CNS=central nervous system

Warnings/Precautions

Table 6. Warnings and Precautions®”

Contraindication

doxylamine succinate/
pyridoxine hydrochloride

Activities Requiring Mental Alertness; avoid activities that require

narrow-angle glaucoma, stenosing peptic ulcer, pyloroduodenal
obstruction and urinary bladder-neck obstruction.

mental alertness unless cleared by a healthcare provider. Avoid use a
with other CNS depressants or alcohol.

Concomitant Medical Conditions; due to anticholinergic effects, use

caution in patients with: asthma, increased intraocular pressure, a

CNS=central nervous system
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New Drug Review: doxylamine succinate/pyridoxine hydrochloride (Dicleqis®)

Drug Interactions

Table 7. Drug Interactions >’

Interacting
Generic Name Medication or Potential Result
Disease
doxylamine succinate/ Monoamine oxidase | Concurrent use is contraindicated as MAOIs can
pyridoxine hydrochloride | inhibitors (MAOIs) prolong and intensify the anticholinergic effects of
the doxylamine succinate component.

Dosage and Administration

Table 8. Dosing and Administration’

one tablet QAM and two tablets QHS
on day three; if symptoms continue
increase to a maximum of four tablets
per day with one in the morning, one
in the mid-afternoon and two QHS

Generic Name Adult Dose Pediatric Dose Availability
doxylamine Nausea and Vomiting of Pregnancy: Safety and efficacy in | Delayed-release
succinate/ Delayed-release tablet: Initial, two children have not tablet:
pyridoxine tablets QHS on day one; if symptoms | been established. 10 mg/10 mg
hydrochloride persist into day two increase dose to

QAM=every morning, QHS= every night at bedtime

Clinical Guidelines

Table 9. Clinical Guidelines

Clinical Guideline

Recommendations

Clinical Management
Guidelines For
Obstetrician-
Gynecologists
ACOG Practice
Bulletin: Nausea
and Vomiting of
Pregnancy (2004)4

Nausea and vomiting of pregnancy (NVP) is a common condition that
affects 70 to 85% of pregnant women.
The incidence of hyperemesis gravidarum is 0.5% to 2% of pregnancies.
Mild cases of NVP may be resolved with lifestyle and dietary changes and
sage and effective treatments are available for more severe cases.
Symptoms of NVP manifest before week 9 of gestation in virtually all
women.

Non-Pharmacological Therapies:

It is reasonable for women with NVP in a previous pregnancy to take a
multivitamin at the time of the next conception.

Common recommendation to alleviate initial signs and symptoms of NVP
include rest and avoidance of sensory stimuli that may provoke symptoms.
Frequent, small meals, avoiding spicy or fatty foods, eliminating pills
containing iron, and eating dry bland or dry foods are also recommended.
It should be noted however that there is little published evidence regarding
the efficacy of dietary changes for prevention or treatment of NVP.

Pharmacological Therapies:

- Despite the fact that the combination of doxylamine and pyridoxine is no
longer commercially available in the US it remains among first-line
therapies.

Treatment with either pyridoxine or combination pyridoxine plus
doxylamine are both recommended as first-line treatment options based
on good and consistent scientific evidence (Level A).

The treatment algorithm indicates that initial pharmacologic therapy
consists of monotherapy pyridoxine followed by the addition of doxylamine
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Clinical Guideline Recommendations

if systems persist.
In patients with consistent symptoms promethazine or dimenhydrinate
should be added.
After this if symptoms still persist options include the addition of any of the
following:

0 Metoclopramide

o Promethazine

o Trimethobenzamide
For patients who continue to be refractory options include:

0 Methylprednisolone

0 Ondansetron

Conclusions

DiclegisC (doxylamine succinate/pyridoxine hydrochloride) is a fixed dose combination drug product of
doxylamine succinate, and pyridoxine hydrochloride, a vitamin B6 analog. The agent is indicated for the
treatment of nausea and vomiting of pregnancy in women who do not responds to conservative
management.1 The combination of these agents was previous available in the United States under the
name brand Bendectin®.

In the clinical study that evaluated the use of Diclegis® (doxylamine succinate/pyridoxine hydrochloride)
compared to placebo the agent was found to be effective and well tolerated in relieving the symptoms of
NVP.° Doxylamine/pyridoxine was shown to be less effective at reducing nausea and vomiting in
pregnancy when compared with ondansetron; however, only the low doses were study for a short
duration of time.®

The clinical consensus guideline on nausea and vomiting of pregnancy from the American College of
Obstetricians and Gynecologists recommend pyridoxine alone or in combination with doxylamine as first
line pharmacologic therapy.
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Therapeutic Class Overview
Neurokinin-1 (NK1) Receptor Antagonists and Combinations

Therapeutic Class Overview/Summary:

This review will focus on neurokin-1 (NK;) receptor antagonist anti-emetics and their combinations. All of
these agents are Food and Drug Administration (FDA)-approved for the prevention of chemotherapy-
induced nausea and vomiting (CINV). Single-entity products include: aprepitant gEmend®) and its prodrug
fosaprepitant dimeglumine (Emend®) along with rolapitant hydrochloride (Varubi™). There is a single NK;
antagonist combination product currently available, netupitant/palonosetron (Akynzeo®). With this
combination, netupitant, the NK; antagonist is co-formulated with palonosetron, a serotonin type-3 (5-
HT3) receptor antagonist. In addition to CINV, aprepitant is FDA-approved for the prevention of post-
operative nausea and vomiting in adults.™ Differences in anti-emetic effect for the acute and delayed
phases of CINV exist between agents and are summarized in Table 1. As the pathophysiology of CINV is
not completely understood, the exact mechanisms by which NK; antagonists exert there antiemetic
effects are not known. NK; is a broadly distributed receptor located in both the central and peripheral
nervous systems. One proposed mechanism of NK; antagonists is by depressing the substance P
mediated response in the central nevous system by blocking activation of NK; in areas of the brain
responsible for chemoreception. Decreased activation of NK; by substance P reduces the emetic reflex. A
second proposed mechanism is the blockade of peripheral NK; receptors located on the vagal terminals
of the gut. It is hypothesized that peripheral blockade may decrease the intensity of the signal transmitted

to the central nervous system, thus decreasing the overall emetic reflex.’®

Table 1. Current Medications Available in the Therapeutic Class'™

Generic Food and Drug Administration- Dosage Generic
(Trade Name) Approved Indications Form/Strength Availability
Aprepitant (Emend®) Prevention of acute and delayed Capsule:
CINV associated with initial and 40 mg
repeat courses of HEC, 80 mg
Prevention of CINV associated 125 mg -
with initial and repeat courses of
MEC, Prevention of PONV Capsule Dose Pack:
125 and 80 mg
Fosaprepitant Prevention of acute and delayed Vial:
dimeglumine (Emend®) CINV associated with initial and 150 mg
repeat courses of HEC,
Prevention of delayed CINV )
associated with initial and repeat
courses of MEC
Rolapitant hydrochloride Prevention of delayed CINV Tablet:
(Varubi®) associated with initial and repeat | 90 mg
courses of HEC, Prevention of
delayed CINV associated with
initial and repeat courses of MEC -
and prevention of delayed CINV
associated with combination of
anthracycline and
cyclophosphamide
Netupitant/palonosetron Prevention of acute and delayed Capsule: )
(Akynzeo®) CINV associated with initial and 300/0.5 mg
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Therapeutic Class Overview: neurokinin-1 (NK1) receptor antagonists and combinations

Generic Food and Drug Administration- Dosage Generic
(Trade Name) Approved Indications Form/Strength Availability
repeat courses of HEC,
Prevention of acute and delayed
CINV associated with initial and
repeat courses of cancer
chemotherapy not considered
highly emetogenic
Other abbreviations: CINV=chemotherapy-induced nausea and vomiting, HEC=highly emetogenic cancer chemotherapy,
MEC=moderately emetogenic cancer chemotherapy, PONV=post-operative nausea and vomiting

Evidence-based Medicine
The safety and efficacy of the NK; antagonists have been evaluated in several clinical trials for their
FDA-approved indications.""® Aprepitant, being an older, more established agent has had more
extensive review. Results of these trials are similar to those used by the FDA for approval.15'32 There
are currently no clinical trials that compare NK; antagonists to one-another.
The approval of rolapitant (Varubi®) was based on the efficacy and safety in preventing CINV in
patients receiving anthracycline combination therapy, MEC, or HEC with a cisplatin-based regimen in
three clinical trials. The primary endpoint in both HEC studies was complete response (CR) in the
delayed phase (defined as 25 to 120 hours post administration of chemotherapy) of CINV. Results of
the showed a greater proportion of individuals treated with the rolapitant arm had a statistically
significant CR compared with the placebo control group in HEC-1: (192 [73%] compared to 153
[58%]; P=0.0006). However, in HEC-2, this was statistically significant: (rolapitant [70%] compared to
placebo control group [62%]; P=0.0426).> In the third trial, the antiemetic effect of rolapitant was
evaluated in MEC. The primary endpoint of CR in the delayed phase of CINV showed a greater
proportion of individuals treated with the rolapitant arm had a statistically significant CR compared
with the placebo control group: (475 [71%] compared to 410 [62%]; P=0.0002).%>*"
The approval of netupitant/palonosetron (Akynzeo®) was based on the efficacy and safety in
preventing CINV in patients receiving MEC or HEC. Both trials were double-blind, randomized,
double-dummy, multicenter, parallel-group studies of netupitant/palonosetron given as a single oral
dose 60 minutes before administration of chemotherapy in combination with dexamethasone. CR in
the delayed phase was statically significant in HEC and MEC for patients who received
netupitant/palonosetron (P=0.032 and P=0.01, respectively).‘%’39

Key Points within the Medication Class
According to Current Clinical Guidelines:

0 ltis recommended that antiemetic therapy be initiated before the administration of
chemotherapy and then continued throughout the period when delayed emesis may occur.
Choice of antiemetic regimen depends primarily on the emetogenic potential and the risk of
delayed CINV associated with the chemotherapy agents. The period of risk for CINV may be
up to three days after administration of highly emetogenic chemotherapy (HEC) and at least
two days after moderately emetogenic chemotherapy (MEC).7

o For the prevention of CINV post-HEC, triple therapy with a 5-HT; receptor antagonist,
dexamethasone, and a NK; receptor antagonist is recommended.”®

0 The updated 2015 National Comprehensive Cancer Network (NCCN) guidelines do not
currently recommend one specific regimen over another.”

o For the prevention of CINV post-MEC, a 5-HT; receptor antagonist and dexamethasone is
recommended, with a NK; receptor antagonist being optional.7‘9

0 Guidelines generally recommend palonosetron as the preferred 5-HT3 receptor antagonist for
the prevention CINV associated with MEC. Adjunctive therapies include with lorazepam, an
H, receptor antagonist or a proton pump inhibitor.”®

0 The Pediatric Oncology Group of Ontario in 2012 recommend aprepitant in combination with
granisetron and dexamethasone in children 12 years of age or older who will be receiving
HEC and in which the antineoplastics are not known to or suspected of interacting with
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aprepitant. Dual therapy with ondansetron or granisetron and dexamethasone is
recommended if the antineoplastic agents interact with aprepitant.10

0 Several guidelines have not yet been updated to include netupitant/palonosetron and/or
rol.alpitant.a'10

Other Key Facts:

o All agents are formulated as oral capsules or tablets, with the exception of fosaprepitant,
which is an intravenous injection.

o For HEC, fosaprepitant, rolapitant, and netupitant/palonosetron are given only on day one as
a single dose, while aprepitant is given for three days.

o0 All NK; antagonists are associated with drug interactions to some extent. Of particular
concern are drug interactions with agents that are either substrates of CYP3A4 or
inhibit/induce CYP3A4. Dose adjustments and contraindications may apply based on the
concurrent agent.'™

o0 Aprepitant capsules are the only NK; antagonist currently approved by the FDA for use in
pediatric patients.

o0 Both the FDA-approved label and clinical guidelines do not recommend aprepitant for
patients less than 12 years of age." "

o0 Due to its co-formulation, netupitant/palonosetron carries the associated warnings of
palonosetron, including a risk for serotonin syndrome.4
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Therapeutic Class Review
Neurokinin-1 (NK1) Receptor Antagonists and Combinations

Overview/Summary

This review will focus on neurokin-1 (NK;) receptor antagonist anti-emetics and their combinations. All of
these agents are Food and Drug Administration (FDA)-approved for the prevention of chemotherapy-
induced nausea and vomiting (CINV). Single-entity products include: aprepitant gR)Emend®) and its prodrug
fosaprepitant dimeglumine (Emend®) along with rolapitant hydrochloride (Varubi™). There is a single NK;
antagonist combination product currently available, netupitant/palonosetron (Akynzeo®). With this
combination, netupitant, the NK; antagonist is co-formulated with palonosetron, a serotonin type-3 (5-
HT3) receptor antagonist. In addition to CINV, aprepitant is FDA-approved for the prevention of post-
operative nausea and vomiting in adults.™ Differences in anti-emetic effect for the acute and delayed
phases of CINV exist between agents and are summarized in Table 2. As the pathophysiology of CINV is
not completely understood, the exact mechanisms by which NK; antagonists exert there antiemetic
effects are not known. NKj is a broadly distributed receptor located in both the central and peripheral
nervous systems. One proposed mechanism of NK; antagonists is by depressing the substance P
mediated response in the central nevous system by blocking activation of NK; in areas of the brain
responsible for chemoreception. Decreased activation of NK; by substance P reduces the emetic reflex. A
second proposed mechanism is the blockade of peripheral NK, receptors located on the vagal terminals
of the gut. It is hypothesized that peripheral blockade may decrease the intensity of the signal transmitted
to the central nervous system, thus decreasing the overall emetic reflex."®

It is recommended that antiemetic therapy be initiated before the administration of chemotherapy and
then continued throughout the period when delayed emesis may occur. Choice of antiemetic regimen
depends primarily on the emetogenic potential and the risk of delayed CINV associated with the
chemotherapy agents. The period of risk for CINV may be up to three days after administration of highly
emetogenic chemotherapy (HEC) and at least two days after moderately emetogenic chemotherapy
(MEC)." For the prevention of CINV post-HEC, triple therapy with a 5-HT; receptor antagonist,
dexamethasone, and a NK; receptor antagonist is recommended.”® The updated 2015 National
Comprehensive Cancer Network (NCCN) guidelines do not currently recommend one specific regimen
over another.” For the prevention of CINV post-MEC, a 5-HT; receptor antagonist and dexamethasone is
recommended, with a NK; receptor antagonist being optional.”® Guidelines generally recommend
palonosetron as the preferred 5-HT 3 receptor antagonist for the prevention CINV associated with MEC.
Adjunctive therapies include with lorazepam, an H, receptor antagonist or a proton pump inhibitor.”® The
Pediatric Oncology Group of Ontario in 2012 recommend aprepitant in combination with granisetron and
dexamethasone in children 12 years of age or older who will be receiving HEC and in which the
antineoplastics are not known to or suspected of interacting with aprepitant. Dual therapy with
ondansetron or granisetron and dexamethasone is recommended if the antineoplastic agents interact with
aprepitant.10 Several guidelines have not yet been updated to include netupitant/palonosetron and/or
rolapitant.®"® Complete guideline summaries can be found in Table 11.

All agents are formulated as oral capsules or tablets, with the exception of fosaprepitant, which is an
intravenous injection. For HEC, fosaprepitant, rolapitant, and netupitant/palonosetron are given only on
day one as a single dose, while aprepitant is given for three days. All NK, antagonists are associated with
drug interactions to some extent. Of particular concern are drug interactions with agents that are either
substrates of CYP3A4 or inhibit/induce CYP3A4. Dose adjustments and contraindications may apply
based on the concurrent agent.1‘4 Aprepitant capsules are the only NK; antagonist currently approved by
the FDA for use in pediatric patients. Both the FDA-approved label and clinical guidelines do not
recommend aprepitant for patients less than 12 years of age.1’10 Due to its co-formulation,
netupitant/palonosetron carries the associated warnings of palonosetron, including a risk for serotonin
syndrome.*
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Table 1. Medications Included Within Class Review

Generic Name (Trade name)

Medication Class

Generic
Availability

Single Entity Products

Aprepitant (Emend®)

Neurokinin1 (NK,) Receptor Antagonist

Fosaprepitant dimeglumine (Emend®)

Neurokinin1 (NK,) Receptor Antagonist

Rolapitant hydrochloride (Varubi®)

Neurokinin1 (NK,) Receptor Antagonist

Combination Products

Netupitant/palonosetron (Akynzeo®)

Neurokinin1 (NK;) Receptor Antagonist/
Serotonin (5-HT3) receptor antagonist

Indications

Table 2. Food and Drug Administration Approved Indications ™™

Indication

Aprepitant

Fosaprepitant | Rolapitant

Netupitant/
palonosetron

Prevention of acute and delayed CINV
associated with initial and repeat
courses of HEC

a

Prevention of CINV associated with
initial and repeat courses of MEC

Prevention of delayed CINV associated
with initial and repeat courses of HEC

Prevention of delayed CINV associated
with initial and repeat courses of MEC

Prevention of delayed CINV associated
with combination of anthracycline and
cyclophosphamide

Prevention of PONV in adults

a

CINV=chemotherapy-induced nausea and vomiting, HEC=highly emetogenic cancer chemotherapy, MEC=moderately emetogenic
cancer chemotherapy, PONV=post-operative nausea and vomitting

*FDA-approved in pediatric patients = 12 years of age

Pharmacokinetics

Table 3. Pharmacokinetics™™

Bioavailability e Hepatic Active S
Generic Name Excretion . : Half-Life
(%) Metabolism Metabolites
(hours)
Single Entity Products
. Not renally Primary (CYP3A4), "
Aprepitant 601065 excreted | Minor (CYP1A2/2C19) Yes Ito 13
F_osaprepl_tant Not reported Not renally ngatlc/extrah.epanc Ye_s 9t0 13
dimeglumine excreted (kidney, lung, ileum) (aprepitant)
Rolapitant Hepatic
hydrochloride Not reported 14.2 (Primary: CYP3A4) Yes 16910 183
Combination Products
Netupitant/ N: Not reported N: 4.7 N: Extensive (CYP3A4) Yes 80/48
palonosetron P: 97 P: 85 to 93 P: Partial
N=Netupitant, P=Palonosetron
*Seven metabolites have been identified; each is weakly active.
tActive metabolite is aprepitant
Page 2 of 41

Copyright 2016 « Review Completed on 3/4/2016




Therapeutic Class Review: neurokinin-1 receptor antagonists

Clinical Trials

The safety and efficac¥ of the NK; antagonists have been evaluated in several clinical trials for their FDA-
approved indications. " Aprepitant, being an older, more established agent has had more extensive
review. Results of these trials are similar to those used by the FDA for approval.15'32 There are currently
no clinical trials that compare NK; antagonists to one-another.

The safety and efficacy of aprepitant (Emend®) was established in a number of clinical trials."'"* FDA-
approval for the prevention of CINV associated with HEC and MEC was based on the results of two
clinical trials each. For approval of HEC, aprepitant for three days in combination with standard therapy
(dexamethasone on days 1, 2, and three plus ondansetron on day 1) was compared to standard therapy
plus placebo. The antiemetic activity of aprepitant was evaluated during the acute phase (0 to 24 hours
post-cisplatin treatment), the delayed phase (25 to 120 hours post-cisplatin treatment) and overall (0 to
120 hours post-cisplatin treatment) in Cycle 1. The primary endpoint for both studies was complete
response (CR), defined as no emetic episodes and no use of rescue therapy as recorded in patient
diaries. Both studies showed a statistically significant difference in CR favoring the aprepitant group
(P<0.001 ).”'12 For the treatment of MEC, aprepitant was given for three days (in combination with
dexamethasone and ondansetron on day 1) and was compared to standard therapy (dexamethasone on
day 1 plus ondansetron on days 1, 2, and 3).">'* The use of aprepitant was also evaluated in two clinical
trials for the treatment of post-operative nausea and vomiting (PONV).‘”'42 Here aprepitant 40 mg as a
single dose was compare to ondansetron. The primary end-point in the first study was the percentage of
patients with no vomiting over 0 to 24 hours. The aprepitant group had 84% of patients with no vomiting,
while the ondansetron group had only 71% (P<0.001 ).41 The primary end-point of the second study was
CR, defined as no vomiting and no use of rescue medication during 0 to 24 hours. There was no
statistically significant difference between groups for CR (difference, 2.5%; P=0.61), however, there was a
statistically significant difference in the secondary end-point of no vomiting from 0 to 24 hours (difference,
16.3%; P<0.001).*?

The approval of rolapitant (Varubi®) was based on the efficacy and safety in preventing CINV in patients
receiving anthracycline combination therapy, MEC, or HEC with a cisplatin-based regimen in three clinical
trials. All of these phase lll trials were double-blind, randomized, double-dummy, multicenter, parallel-
group studies of rolapitant given as a single oral dose 60 to 120 minutes before administration of
chemotherapy in combination with dexamethasone and granisetron.35 The first two trials HEC-1 (N=532)
and HEC-2 (N=555) enrolled patients with cancer who were 18 years of age or older. These individuals
received either a single oral dose of rolapitant (180 mg) in addition to intravenous (IV) granisetron and
oral dexamethasone or placebo plus IV granisetron and oral dexamethasone. The primary endpoint in
both studies was CR in the delayed phase (defined as 25 to 120 hours post administration of
chemotherapy) of CINV. Results of the showed a greater proportion of individuals treated with the
rolapitant arm had a statistically significant CR compared with the placebo control group in HEC-1: (192
[73%)] compared to 153 [58%]; P=0.0006). However, in HEC-2, this was statistically significant: (rolapitant
[70%] compared to placebo control group [62%]; P=0.0426).>® In the third trial, 1,369 patients with
cancer who were 18 years of age or older who had a Karnofsky performance score of 60 or higher, a
predicted life expectancy of four months or longer and who were scheduled to receive a first course of
MEC including anthracycline were randomized in a 1:1 ratio to receive either a single oral dose of
rolapitant (180 mg) in addition to oral granisetron (2 mg) and oral dexamethasone or placebo plus oral
granisetron and oral dexamethasone. The primary endpoint of CR in the delayed phase of CINV showed
a greater proportion of individuals treated with the rolapitant arm had a statistically significant CR
compared with the placebo control group: (475 [71%] compared to 410 [62%]; P=0.0002).35’37

The approval of netupitant/palonosetron (Akynzeo®) was based on the efficacy and safety in preventing
CINV in patients receiving MEC or HEC. Both trials were double-blind, randomized, double-dummy,
multicenter, parallel-group studies of netupitant/palonosetron given as a single oral dose 60 minutes
before administration of chemotherapy in combination with dexamethasone. CR in the delayed phase
was statically significant in HEC and MEC for patients who received netupitant/palonosetron (P=0.032
and P=0.01, respectively).‘%"39
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Table 4. Clinical Trials

Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
Chemotherapy-Induced Nausea and Vomiting (CINV)
Gralla et al” DB, PG, RCT N=1,043 Primary: Primary:
(pooled analysis) Complete In the total combined study population, regardless of treatment group or
Aprepitant 125 mg plus 120 hours response use of concomitant chemotherapy, complete response was achieved in
ondansetron 32 mg and Patients >18 (defined as no 58% of patients. Analysis by treatment group showed a 20% greater
dexamethasone 12 mgon | years of age vomiting and no | efficacy with the aprepitant regimen (68 vs 48%; P<0.001).
day one; aprepitant 80 mg | receiving their rescue therapy)
and dexamethasone 8 mg | first cisplatin- on days one to Among 13% of patients who received additional emetogenic
on days two to three; and based five chemotherapy (doxorubicin or cyclophosphamide), the aprepitant
dexamethasone 8 mg on chemotherapy regimen provided a 33% improvement in the complete response rate
day four Secondary: compared to the control regimen (P<0.001).
Not reported
VS Secondary:
Not reported
ondansetron 32 mg IV and
dexamethasone 20 mg
orally on day one;
dexamethasone 8 mg
twice daily on days two to
four
Warr et al * DB, PG, RCT N=857 Primary: Primary:
Proportion of Overall complete response was greater with the aprepitant regimen
Aprepitant 125 mg prior to | Patients with 120 hours patients with than with the control regimen (50.8 vs 42.5%; P=0.015).

chemotherapy followed by
80 mg daily on days two to
three, plus ondansetron 8
mg prior to chemotherapy
followed by 8 mg eight
hours later, plus

breast cancer
who were naive
to emetogenic
chemotherapy
and who were
treated with a

complete
response
(defined as no
vomiting and no
use of rescue
therapy) 120

Secondary:

More patients in the aprepitant group reported minimal or no impact of
CINV on daily life (63.5 vs 55.6%; P=0.019). Both treatments were
generally well tolerated.

dexamethasone 12 mg regimen of hours after The aprepitant regimen was more effective than the control regimen for
prior to chemotherapy cyclophosphami initiation of prevention of CINV in patients receiving both an anthracycline and
de alone, chemotherapy in | cyclophosphamide.
VS cyclophosphami cycle one
de plus
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Therapeutic Class Review: neurokinin-1 receptor antagonists

Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
ondansetron 8 mg prior to | doxorubicin, or Secondary:
chemotherapy followed by | cyclophosphami Proportion of
8 mg eight hours later, de plus patients with an
then 8 mg twice daily epirubicin average item
(days two to three), plus score higher
dexamethasone 20 mg than 6 of 7 on
prior to chemotherapy the Functional
Living Index-
Emesis
questionnaire
Herrstedt et al™® DB, MC, PG, N=866 Primary: Primary:
RCT Proportion of Overall, the complete response was greater with the aprepitant regimen
Aprepitant 125 mg prior to 3 days of patients with a over the four cycles: 50.8 vs 42.5% for cycle one, 53.8 vs 39.4% for
chemotherapy followed by | Patients with treatment complete cycle two, 54.1 vs 39.3% for cycle three, and 55.0 vs 38.4% for cycle
80 mg daily on days two to | breast during cycles | response (no four. The cumulative percentage of patients with a sustained complete
three, plus ondansetron 8 carcinoma who 110 4 of emesis or use of | response over all four cycles was greater with the aprepitant regimen
mg prior to chemotherapy | were naive to chemotherapy | rescue therapy) (P=0.017).

followed by 8 mg eight
hours later, plus

dexamethasone 12 mg
prior to chemotherapy

emetogenic
chemotherapy
and treated with
cyclophosphami
de alone or in

in cycle one,
efficacy end
points for the
multiple-cycle
extension were

The aprepitant regimen was more effective than a control regimen for
the prevention of nausea and emesis induced by moderately
emetogenic chemotherapy over multiple chemotherapy cycles.

Vs combination with the probabilities Secondary:
doxorubicin or of a complete Not reported

ondansetron 8 mg prior to epirubicin response in
chemotherapy followed by cycles two to
8 mg eight hours later, four and a
then 8 mg twice daily sustained
(days two to three), plus complete
dexamethasone 20 mg response rate
prior to chemotherapy across multiple

cycles

Secondary:

Not reported
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Therapeutic Class Review: neurokinin-1 receptor antagonists

Study Design Sample Size

Study and Drug Regimen and and Study End Points Results

Demographics Duration
Kang et al'” AC, DB, PG, N=302 Primary: Primary:

RCT Complete Seventy-seven (51%) of 152 patients in the aprepitant group and 39
Aprepitant (125 mg for Up to 5 cycles | response (26%) of 150 in the control group achieved a complete response in the
ages 12 to 17 years; 3.0 Patients 6 (defined as no delayed phase (P<0.0001).
mg/kg up to 125 mg for months to 17 vomiting, no

ages 6 months to <12

years of age with

retching, and no

Secondary:

years) plus ondansetron documented use of rescue Complete response during the acute and overall phases was also more
on day one, followed by malignancy medication) common in patients in the aprepitant group than in those who were in
aprepitant (80 mg for ages | scheduled to during the the control group (P=0.0135 and P=0.0002).
12 to 17 years; 2.0 mg/kg receive at least delayed phase
up to 80 mg for ages 6 moderately Median time to first vomiting episode was 96.3 hours (95% Cl, 68.8 to
months to <12 years) on emetic Secondary: not estimable) in the aprepitant group and 27.5 hours (95% CI, 19.3 to
days 2 and 3 chemotherapy Complete 35.6) in the control group (log-rank P<0.0001). Similarly, time to first
response during | rescue medication use was significantly longer for patients in the
Vs the acute and aprepitant group than in the control group (log-rank P=0.0024).
overall phases,
placebo plus ondansetron safety Adverse events were reported by 120 (79%) of 152 patients in the
on day one followed by aprepitant group and 116 (77%) of 150 in the control group. In addition
placebo on days two and to vomiting, the most commonly reported all-grade adverse events
three were anaemia, febrile neutropenia, and neutropenia.
(addition of
dexamethasone was
permitted)
Rapoport et al™ DB, MC, PG, N=848 Primary: Primary:
RCT Proportion of Significantly more patients in the aprepitant (triple therapy) group
Aprepitant 125 mg one 120 hours patients reported no vomiting (76.2%) compared to patients receiving dual
hour prior to chemotherapy | Adult patients reporting no therapy (62.1%) during the 120 hour study period (P<0.001).
followed by 80 mg on days | who were naive vomiting
two to three, plus to moderate or Secondary:
ondansetron 8 mg prior to highly Secondary: Significantly more patients in the aprepitant (triple therapy) group
chemotherapy followed by | emetogenic Overall complete | reported complete response (68.7%) compared to patients receiving
8 mg eight hours later, chemotherapy response (no dual therapy (56.3%; P<0.001).
plus dexamethasone 12 and were emesis and no

Page 6 of 41
Copyright 2016 » Review Completed on 3/4/2016




Therapeutic Class Review: neurokinin-1 receptor antagonists

Study Design Sample Size

Study and Drug Regimen and and Study End Points Results

Demographics Duration
mg prior to chemotherapy scheduled to use of rescue There were no significant differences in adverse events between the

receive therapy) two groups; however, the overall incidence of adverse events in the
Vs treatment with entire study population was 65%.

one or more
ondansetron 8 mg priorto | moderately
chemotherapy followed by | emetogenic
8 mg eight hours later, agents
then 8 mg twice daily
(days two to three), plus
dexamethasone 20 mg
prior to chemotherapy
Yeo etal™ DB, PC, RCT N=127 Primary: Primary:

Complete There was no significant difference in the complete response rates for

Aprepitant 125 mg prior to | Breast cancer 120 hours response (nNo patients receiving aprepitant (triple therapy) compared to patients

chemotherapy followed by
80 mg daily on days two to
three, plus ondansetron 8
mg prior to chemotherapy
followed by 8 mg eight
hours later, plus
dexamethasone 12 mg
prior to chemotherapy

VS

ondansetron 8 mg prior to
chemotherapy followed by
8 mg eight hours later,
then 8 mg twice daily
(days two to three), plus
dexamethasone 20 mg
prior to chemotherapy

patients 218
years of age who
were naive to
chemotherapy
and were
receiving a
moderately
emetogenic
regimen
(doxorubicin and
cyclophosphami
de)

vomiting and no
rescue therapy
used) during the
overall period (0
to 120 hours)

Secondary:
Proportion of
patients with no
vomiting, no
nausea, no
significant
nausea, no
rescue therapy,
complete
protection, and
total control
during the acute
(0 to 24 hour),
delayed (24 to
120 hours), and

receiving dual therapy during the overall period (46.8 vs 41.9%,
respectively; P=0.58).

Secondary:

During the overall period, there was no significant difference among the
treatment groups in the proportion of patients reporting complete
protection (P=0.71), total control (P=0.55), no vomiting (P=0.58), no
significant nausea (P=0.71) and no nausea (P=0.57). Rescue
medication use was lower in the aprepitant group than the control
group (11 vs 20%; P=0.06).

There was no significant difference between the two groups with
respect to all the parameters of emesis control in the acute and delayed
time frames.

The median time to first vomiting after the initiation of chemotherapy
was 64.4 hours for the aprepitant arm and 52.6 hours in the control arm
(P=0.78).
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Therapeutic Class Review: neurokinin-1 receptor antagonists

Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
overall periods
De Witetal'’ DB, MC, RCT N=1,038 Primary: Primary:
No emesis and In every cycle, the estimated probabilities (rates) of no emesis and no
Aprepitant 125 mg, Patients with 120 hours no significant significant nausea were significantly higher (P<0.006) in the aprepitant
ondansetron 32 mg 1V, cancer who were nausea over the | group. In the first cycle, rates were 61% in the aprepitant group and
dexamethasone 12 mg on | receiving their five days 46% in the standard therapy group. Thereafter, rates for the aprepitant
day one, aprepitant 80 mg | first cycle of following regimen remained higher throughout (59 vs 40% for the standard
and dexamethasone 8 mg | cisplatin-based cisplatin, for up therapy by cycle six). Repeated dosing with aprepitant over multiple
on days two to three, chemotherapy to six cycles of cycles was generally well tolerated.
dexamethasone 8 mg on chemotherapy
day four Those who received aprepitant in addition to standard therapy had
Secondary: consistently better antiemetic protection that was well maintained over
Vs Not reported multiple cycles of highly emetogenic chemotherapy.
ondansetron 32 mg IV and Secondary:
dexamethasone 20 mg on Not reported
day one, dexamethasone
8 mg twice daily on days
two to four
Poli-Bigelli et al'® DB, MC, PG, N=1,091 Primary: Primary:
RCT Complete During the five days after chemotherapy, the percentages of patients
Aprepitant 125 mg, 120 hours response (no who achieved a complete response were 62.7% in the aprepitant group

ondansetron 32 mg IV,
and dexamethasone 12
mg orally on day one;
aprepitant 80 mg and
dexamethasone 8 mg
orally on days two to three;
and dexamethasone 8 mg
orally on day four

VS

ondansetron 32 mg IV and
dexamethasone 20 mg

Patients with
cancer who were
scheduled to
receive
treatment with
high-dose
cisplatin
chemotherapy

emesis and no
rescue therapy)
during the five-
day period post
cisplatin therapy

Secondary:
Not reported

compared to 43.3% in the standard therapy group (P<0.001). For day
one, the complete response rates were 82.8% for the aprepitant group
and 68.4% for the standard therapy group (P<0.001); for days two to
five, the complete response rates were 67.7% in the aprepitant group
and 46.8% in the standard therapy group (P<0.001).

The overall incidence of adverse events was similar between the two
treatment groups (72.8% in the aprepitant group and 72.6% in the
standard therapy group) as were rates of serious adverse events,
discontinuations due to adverse events, and deaths.

In patients with cancer who were receiving high-dose cisplatin-based
chemotherapy, therapy consisting of aprepitant (125 mg on day one
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Therapeutic Class Review: neurokinin-1 receptor antagonists

Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration

orally on day one, followed and 80 mg on days two to three) plus a standard regimen of
by dexamethasone 8 mg ondansetron and dexamethasone provided greater antiemetic
orally twice daily on days protection compared to standard therapy alone and was generally well
two to four tolerated.

Secondary:

Not reported
Hesketh et al™ DB, MC, PG, N=530 Primary: Primary:

RCT Complete The percentage of patients with complete response was significantly
Aprepitant plus 120 hours response (no higher in the aprepitant group (72.7 vs 52.3% in the standard therapy
ondansetron and Patients with emesis and no group), as were the percentages on day one, and especially on days
dexamethasone on day cancer who were rescue therapy) two to five (P<0.001 for all three comparisons).
one; aprepitant and receiving on days one to
dexamethasone on days cisplatin for the five post cisplatin | Compared to standard dual therapy, addition of aprepitant was
two to three; first time therapy generally well tolerated and provided consistent protection against
dexamethasone on day CINV in patients receiving highly emetogenic cisplatin-based
four Secondary: chemotherapy.
Not reported

VS Secondary:

Not reported
ondansetron and
dexamethasone on day
one; dexamethasone on
days two to four
Martin et al® DB, RCT N=381 Primary: Primary:

Complete Compared to standard therapy, significantly more patients treated with

Aprepitant and Patients with 5 days response, the the high-dose aprepitant regimen achieved a complete response (71 vs

dexamethasone plus
ondansetron on day one,
followed by aprepitant and
dexamethasone on days
two to five

VS

cancer who were
receiving
cisplatin

Functional Living
Index-Emesis

Secondary:
Not reported

44%; P<0.001) and also reported no impact on daily life as indicated by
the Functional Living Index-Emesis total score (84 vs 66%; P<0.01).

Use of the Functional Living Index-Emesis demonstrated that improved
control of emesis was highly effective in reducing the impact of CINV
on patients' daily activities.
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Therapeutic Class Review: neurokinin-1 receptor antagonists

Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
Secondary:

dexamethasone and Not reported
ondansetron on day one,
followed by
dexamethasone on days
two to five
Gore et al”’ DB, MC, RCT N=46 Primary: Primary:

Complete There was no significant difference among the treatment groups with
Aprepitant 125 mg one Patients 11 to 19 120 hours response (no regards to the complete response rates, proportion of patients reporting
hour prior to chemotherapy | years of age who vomiting and no no vomiting, or the proportion of patients reporting no nausea during
followed by 80 mg on days | were receiving rescue therapy the overall period, acute period, or delayed period.
two to three, plus emetogenic used), as well as
ondansetron 0.15 mg/kg chemotherapy or the proportion of | There were no significant differences in adverse event rates between
for three doses on days who had patients with no the two groups.
one to two, plus experienced vomiting and/or
dexamethasone 8 mg on intolerable CINV no rescue Secondary:
day one followed by 4 mg with previous therapy during Not reported
on days two to four chemotherapy the overall

period (0 to 120
VS hours), acute

period (0 to 24
ondansetron 0.15 mg/kg hour), and
for three doses on days delayed (24 to
one to two, plus 120 hours)
dexamethasone 16 mg on period
day one followed by 8 mg
on days two to four Secondary:

Not reported
Schmitt et al* DB, PC, PG, N=362 Primary: Primary:

RCT Complete Significantly more patients receiving aprepitant reported complete

Aprepitant (125 mg orally 7 days response (no response within 120 hours of melphalan administration compared with

on day one and 80 mg
orally on days two to four),
granisetron (2 mg orally on

Patients 218
years of age
with multiple

emesis and no
rescue therapy
for 120 hours)

placebo (58 vs 41%; OR, 1.92; 95% ClI, 1.23 to 3.00; P=0.0042).

Secondary:
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
days one to four), and myeloma No emesis or additional antiemetic treatment in the acute phase was
dexamethasone (4 mg undergoing Secondary: reported by 97 and 90% of patients receiving aprepitant and placebo,
orally on day one and 2 autologous Complete respectively (OR, 3.11; 95% CI, 1.23 to 8.92; P=0.022). During the
mg orally on days two to transplantation response in delayed phase this was achieved in 60 and 46% of patients,
three) after high-dose acute (0 to 24 respectively (OR, 1.80; 95% CI, 1.15 to 2.85; P=0.011), suggesting a
melphalan hours) or lasting benefit after 24 hours.
VS delayed phase
(25t0 120 Major nausea was prevented in 94 and 88% of patients in the
matching placebo, hours), rates of aprepitant and placebo arms, respectively (P=0.026). 74% of those
granisetron (2 mg orally on emesis, nausea receiving aprepitant, compared with 59% of patients receiving placebo,
days one to four), and and significant had an FLIE score indicating no impact on daily life (P=0.004). Rates of
dexamethasone (8 mg nausea, number | adverse events did not significantly differ between the two treatment
orally on day one and 4 of adverse arms.
mg orally on days two to events, and
three) impact on quality
of daily life, as
assessed by
FLIE score
Nishimura et al*’ MC, OL, RCT N=413 Primary: Primary:
SENRI Proportion of The aprepitant group had significantly higher rates of no vomiting
Patients 20 6 days patients with no overall (95.7 vs 83.6%; RR, 1.1449; 95% ClI, 1.07 to 1.23; P<0.0001),
Two-drug combination years of age and emesis as well as in the separate analyses of both the acute phase (100 vs
treatment (5-HT3 receptor | older with 96.7%; P=0.013) and the delayed phase (95.7 vs 84.7%; P=0.0003)

antagonist plus
dexamethasone)

\'E

three-drug combination
treatment (5-HT3 receptor
antagonist plus
dexamethasone plus
aprepitant or fosaprepitant)

All patients received the

colorectal cancer
who underwent
oxaliplatin-based
chemotherapy

Secondary:
Proportion of
patients with no
nausea,
complete
response and
complete
protection in the
overall phase

compared with the control group.

Secondary:

The aprepitant group also had statistically significantly higher
percentages of no significant nausea, complete response and complete
protection than the control group overall.
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
three drug treatment in the
second course of
chemotherapy
Jordan et al* PRO N=78 Primary: Primary:
Complete The percentage of patients with a complete response was 57.9% in
Aprepitant 125 mg prior to | Adult patients Variable response (no those who were receiving highly emetogenic chemotherapy and 72.5%
chemotherapy, then 80 mg | undergoing duration vomiting or use in those who were receiving moderately emetogenic chemotherapy.
on days two to three, plus multiple-day of rescue
granisetron 1 mg on day chemotherapy of therapy) at the Secondary:
one, plus dexamethasone | moderate or high end of the During the acute and delayed phases, the complete response in
8 mg on days one to three | emetogenic treatment cycle patients receiving highly emetogenic chemotherapy was 65.8 and
potential 68.5%, respectively. During the acute and delayed phases, the
Secondary: complete response in patients receiving moderately emetogenic
Complete chemotherapy was 72.5 and 82.5%, respectively.
response in the
acute and The most common adverse events were related to chemotherapy, not
delayed phase of | antiemetic therapy.
the treatment
cycle
Grunberg et al” MC, PRO N=41 Primary: Primary:
Complete Complete response was seen in 51% of patients during the overall
Aprepitant 285 mg plus Adult patients 120 hours response (no period. A total of 76% of patients experienced a complete response

dexamethasone 20 mg
plus palonosetron 0.25 mg
prior to chemotherapy
(single dose therapy)

with documented
solid tumor who
were naive to
chemotherapy
and were
receiving a
moderately
emetogenic
regimen

vomiting or use
of rescue
therapy) during
the overall
period (0 to 120
hours) during the
first
chemotherapy
cycle

Secondary:
Proportion of
patients with no

during the acute period and 66% of patients experienced a complete
response during the delayed period.

Secondary:

No emesis was seen in 95% of patients during the overall period. No
emesis was reported for 100% of patients during the acute period and
for 95% of patients during the delayed period.

No nausea was seen in 32% of patients during the overall period and
56% of patients had no significant nausea. During the acute period,
59% of patients had no nausea and 79% of patients had no significant
nausea. During the delayed period, 41% of patients had no nausea and
59% of patients had no significant nausea.
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
vomiting, no
nausea, and no There were no major adverse events seen during the study period that
significant were attributed to the antiemetic regimen.
nausea during
the acute (0 to
24 hour),
delayed (24 to
120 hours), and
overall periods
Gao et al® OS, PRO N=41 Primary: Primary and Secondary:
Complete Seven (17.1%) patients had no nausea, 22 (53.7%) experienced grade
Aprepitant 125 mg 1 hour Patients were 8 days response in the 1 nausea and 12 (29.2%) experienced grade 2 nausea. With regard to
before chemotherapy on consecutively overall phase of | acute and delayed phase, 24.4 and 36.6% of patients were prevented
day 1, and 80 mg once included if they CINV from nausea.
daily on the following 2 received 3-day
days, palonosetron 0.5 mg | cisplatin-based Secondary: The complete response rate in the acute, delayed and overall phases
IV once daily on the days 1 | (25 mg/mzlday) Complete was achieved in 63.4, 78.0 and 58.5% of patients respectively.
and 3, and chemotherapy response in the
dexamethasone 5 mg IV and had never acute and Regarding single days of the acute phase, the complete response rate
once daily from day 1 to treated with delayed phases, | decreased from 85.4% on day one to 65.8% on day three.
day 3 aprepitant safety and the
before severity of In 23 patients (56.1%) who received the study treatment more than one
nausea cycle, the cumulative emetic protection rate after five cycles was 0.82.
Regardless of cause, the most common side effects were hiccups
(31.7%), fatigue (17.1%), headache (14.6%) and constipation (12.2%).
Hesketh et al*’ 0S, PRO N=36 Primary: Primary:
Proportion of Complete response for the 120-hour study period was achieved in 18
All patients received the Patients were 5 days patients (50%) patients.
following antiemetics: day required to have achieving
1: aprepitant 125 mg 1 pathologically complete Secondary:

hours before
chemotherapy;
dexamethasone 8 to 10
mg |V or orally 30 minutes

documented
breast cancer
and be 218
years of age,

response during
the 120-hour
study period

Acute and delayed complete response rates were 81 (27/36) and 61%
(22/36), respectively. No emesis rates for the acute, delayed, and
overall study periods were 97 (35/36), 94 (34/36), and 92% (33/36),
respectively.
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results

Demographics Duration
before chemotherapy; chemotherapy Secondary:
palonosetron 0.25 mg IV naive, have a Acute complete Complete control rates for the acute, delayed, and overall study periods
30 minutes before Karnofsky response (no were 53 (19/36), 36 (13/36), and 31% (11/36), respectively.
chemotherapy; on days 2 performance emesis, no
to 3, dexamethasone 4 mg | status of 260, rescue No nausea rates for the acute, delayed, and overall study periods were
orally and aprepitant 80 and scheduled to antiemetics 53 (19/36), 42 (15/36), and 36% (13/36), respectively. Overall 22

mg orally each morning

receive their first
course of
chemotherapy
with
cyclophosphami
de

(=500 mg/mz)
and doxorubicin
(60 mg/m?)

during the 24
hours following
chemotherapy);
acute complete
control (no
emesis, no
nausea, no
rescue
antiemetics
during the 24
hours following
chemotherapy);
delayed
complete
response (no
emesis, no
rescue
antiemetics
during hours 24—
120 following
chemotherapy);
delayed
complete control
(no emesis, no
nausea, no
rescue
antiemetics
during hours 24—
120 following

patients (61%) experienced some degree of nausea. Six patients (17%)
noted moderate nausea.

Antiemetic therapy was well tolerated overall. The most common
treatment-related adverse events were headache in five patients (15%)
and fatigue in four patients (10%).
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
chemotherapy);
and safety
Longo et al”® MC, PRO N=not Primary: Primary:
reported Proportion of 70.3% of patients had complete response during the overall phase. An
Palonosetron 0.25 mg IV, Chemotherapy- patients who analysis of each component of the primary end point showed that
dexamethasone IV 20 mg, | naive patients 5 days achieved a 92.8% of patients did not experience any vomiting, while 70.3% of
and aprepitant 125 mg 1 with complete patients did not use rescue medication throughout the entire
hour before chemotherapy | histologically or response observation period.

on day 1; aprepitant 80 mg
and dexamethasone on
day 2; aprepitant 80 mg
and dexamethasone 4 mg
onday 3

cytologically
proven solid or
blood tumors

(defined as no
emetic episodes
and no use of
rescue therapy),
during the
overall phase

Secondary:
Complete control
(defined as no
emesis, no
rescue therapy,
and no more
than mild
nausea),
complete
response, and
proportion of
patients with no
emesis, during
the acute,
delayed, and
overall phases,
proportion of
patients with no
nausea, nausea
severity, no use

Secondary:

The majority of patients (59.9%) did not experience any nausea; 31.1%
of patients experienced mild nausea, 8.1% moderate nausea, and 0.9%
severe nausea. Nausea experience was the main reason for use of
rescue medication: 53 patients (23.9%) due to nausea and 13 (5.9%)
due to vomiting. None of the patients with complete response
experienced more than mild nausea and then complete control rates
coincided with the complete response rates.

No major adverse events were recorded due to antiemetic therapy. The
most commonly reported side effects were constipation (39% of
patients) and headache (5%). Laxative therapy was allowed in patients
who reported constipation.

41% of patients reported fatigue, 23% reported some grade of pain,
and 33% reported a reduction in their social activity.
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
of rescue
medication, and
causes for the
use of rescue
therapy were
assessed during
the overall
phase, quality of
life during the
whole study
observation
period, safety
Herrington et al” DB, PC, RCT N=75 Primary: Primary:
Proportion of The proportion of patients without emesis during the acute phase was
Aprepitant 125 mg orally Patients 218 5 days patients without similar between Arm A and Arm B (96.4 vs 100%, respectively;
on day 1, then 80 mg years of age with emesis in the P=1.00).
orally days 2 to 3 (Arm A) malignant acute (day one)
disease and an and delayed The proportion of patients without emesis during the delayed phase
Vs Eastern (days two to five) | was similar between Arm A and Arm B (92.9 vs 92.6%, respectively;
Cooperative phases after P=1.00).
aprepitant 125 mg orally Oncology Group chemotherapy
day 1, then placebo days 2 | performance Secondary:
to 3 (Arm B) status of 0 to 2 Secondary: The overall incidence of nausea and severity of nausea was not
Assessment of different among the treatment groups (P=NS).
All patients received prevention of
dexamethasone 12 mg acute and The frequency of rescue Antiemetics was similar among the treatment
orally and palonosetron delayed nausea | groups (P=NS).
0.25 mg IV before and the use of
chemotherapy. breakthrough
antiemetics
Jin et al® MA N=4,798 Primary: Primary:
(15 trials) Complete The cumulative incidence of emesis was significantly reduced in the
Aprepitant RCTs comparing response during | aprepitant containing group on the first day (RR, 1.13; 95% ClI, 1.10 to
the antiemetic Duration the acute, 1.16). Similar results were also obtained for delayed nausea and
VS efficacy of varied delayed, and vomiting induced by highly or moderately emetogenic chemotherapy
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
aprepitant with a overall time (from days two to five: RR, 1.35; 95% CI, 1.22 to 1.48; overall five days:
placebo or no intervention | placebo or no intervals after RR, 1.30; 95% ClI, 1.22 to 1.39).
intervention for initiation of
the qualifying Aprepitant and ondansetron or granisetron was more efficacious than
prophylaxis of chemotherapy, the non-aprepitant regimen, however, aprepitant and palonosetron was
CINV safety not more efficacious in the acute phase (RR, 1.19; 95% ClI, 0.71 to
1.97) or in the delayed phase (RR, 2.02; 95% CI, 0.92 to 4.41) when
Secondary: compared to non-aprepitant regimen.
Not reported
There were no significant differences regarding the occurrence of
adverse effects in aprepitant-containing groups and control groups in
the pooled analysis.
Secondary:
Not reported
Roila et al®' DB, RCT N=551 Primary: Primary:
Rate of complete | Complete response was the same with both antiemetic prophylaxes
Aprepitant 80 mg once per | Chemotherapy- 5 days response (no (79.5%); therefore, dexamethasone was not superior to aprepitant.
day on days two and three | naive patients vomiting or
with breast rescue Secondary:
Vs cancer treated treatment) on Results related to all secondary end points were not significantly
with days two through | different between the two groups. On days two to five, day by day, the
dexamethasone 4 mg anthracyclines five percentages of patients with no vomiting (from 92 to 97%) and no
twice per day on days two | plus nausea (from 52 to 67%) were not significantly different between the
and three cyclophosphami Secondary: two groups (data not shown).
de Complete
protection (no
All patients were treated vomiting, no
with intravenous rescue
palonosetron 0.25 mg, treatment, no
dexamethasone 8 mg, and significant

oral aprepitant 125 mg
before chemotherapy.

nausea; visual
analogue scale
<25 mm), total
control (no
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Study and Drug Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

vomiting, no
rescue
treatment, no
nausea; visual
analogue scale
<5 mm), no
vomiting and no
nausea (visual
analogue scale
<5 mm), no
significant
nausea, mean
number of
emetic episodes
in patients who
vomited, mean
maximum
severity of
nausea, and
mean duration of
nausea

Moon et al**
Aprepitant 40 mg by mouth
VS

palonosetron 0.075 mg IV

DB, RCT

Patients 20 to 60
years of age who
were scheduled
to undergo
laparoscopic
gynecologic
surgery under
general
anaesthesia

N=93

48 hours

Primary:
Complete
response (visual
analogue scale
nausea score <4
and no use of
rescue therapy)
0 to 48 h after
surgery

Secondary:
Effect of
aprepitant
quantified using

Primary:

Aprepitant was non-inferior to palonosetron in terms of complete
response 0 to 48 hours after surgery (74 vs 77%). The nausea intensity
in the recovery room and two hours after surgery assessed using the
10-point visual analogue scale was significantly lower in the aprepitant
group (11.2+2.1 and 9.7 £ 2.1, respectively) than in the palonosetron
group (19.0+2.2 and 19.4 + 3.5, respectively; P <0.05). However, the
results at 6, 24, and 48 h after surgery did not differ significantly.

Secondary:

The pain intensity was also not significantly different throughout the
study period. Fentanyl consumption via automated intravenous patient-
controlled analgesia was significantly lower in the aprepitant group than
in the palonosetron group at two and six hours after surgery. No
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Study and Drug Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

a 10-point visual
analogue scale
for pain,
consumption of
intravenous
patient-
controlled
analgesia, and
use of rescue
analgesics

significant differences were observed in the incidence and number of
additional fentanyl administrations between the two groups.

Saito et al*

Granisetron 40 ug/kg IV
and dexamethasone (20
mg) on day 1 and
dexamethasone (8 mg) on
days 2 and 3

'S

fosaprepitant (150 mg),
granisetron (40 pg/kg), and
dexamethasone (10 mg)
on day 1, dexamethasone
(4 mg) on day 2, and
dexamethasone (8 mg) on
day 3

DB, MC, PC,
RCT

Patients 220
years of age who
received cancer
chemotherapy
containing
cisplatin (=70
mg/mz)

N=347

3 days

Primary:
Percentage of
patients who
achieved a
complete
response (no
emesis and no
rescue therapy)
in the overall
phase

Secondary:

In the acute and
delayed phases,
the percentages
of patients with a
complete
response, the
percentages of
patients with
complete
protection

(no emesis, no
rescue therapy,
and no

Primary:

The percentage of patients who achieved a complete response (no
emesis and no rescue therapy) in the overall phase (0-120 h) was
significantly higher in the fosaprepitant group (64%; 95% CI, 16 to 46
vs 47%; 95% ClI, 10 to 36; P=0.0015.

Secondary:

In the acute and delayed phases, the percentages of patients with a
complete response were significantly higher in the fosaprepitant group
(acute phase, 94 vs 81%; P=0.0006, delayed phase, 65 vs 49%;
P=0.0025).

Among the patients who had previously been treated with cisplatin and
experienced vomiting, the complete response rates in the overall phase
were higher in the fosaprepitant group (60.0 vs 30.3%).

The percentages of patients with complete protection

(no emesis, no rescue therapy, and no significant nausea) in the
overall, acute, and delayed phases, with no emesis in the overall,
acute, and delayed phases, and with no rescue therapy in the acute
phase were significantly higher in the fosaprepitant group.

The percentages of patients with no rescue therapy in the overall phase
also did not differ significantly.
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Study and Drug Regimen

Study Design
and
Demographics

Sample Size
and Study
Duration

End Points

Results

significant
nausea) in the
overall, acute,
and delayed
phases, with no
emesis in the
overall, acute,
and delayed
phases, and with
no rescue
therapy in the
acute phase,
percentages of
patients with no
rescue therapy
in the overall
phase

Grunberg et al*

Aprepitant 125 mg prior to
chemotherapy followed by
80 mg daily on days two to
three, plus ondansetron
and dexamethasone

VS
fosaprepitant 150 mg on

day 1) plus ondansetron
and dexamethasone

AC, DB, RCT

Male and female
patients >18
years of age with
histologically
confirmed
malignancies,
Karnofsky
scores 60, and
predicted life
expectancy 3
months, naive to
cisplatin-
containing
chemotherapy
and scheduled
for a first course

N=2,322

Single dose or
3 day regimen

Primary:
Complete
response in the
overall phase,
defined as no
vomiting or
retching
episodes with no
use of rescue
medication

Secondary:
Efficacy end
points were the
proportion of
patients with
complete
response in the

Primary:

In the overall phase, 71.9% (95% CI, 69.1 to 74.5) of patients in the
fosaprepitant group reported Complete response compared to 72.3%
(95% ClI, 69.6 to 74.9) in the aprepitant group, a between-group
difference of 0.4 percentage points (95% Cl, 4.1 to 3.3).

Secondary:

In the delayed phase, 74.3% (95% CI, 71.6 to 76.9) of patients in the
fosaprepitant group reported complete response compared to 74.2%
(95% ClI, 71.6 to 76.8) in the aprepitant group, a between-group
difference of 0.1 percentage point (95% ClI, 3.5 to 3.7).

72.9% (95% Cl, 70.2 to 75.5) of patients in the fosaprepitant group
reported no vomiting compared to 74.6% (95% ClI, 71.9 to 77.1) in the
aprepitant group, a between group difference of 1.7 percentage points
(95% ClI, 5.3 to 2.0).
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Study and Drug Regimen and and Study End Points Results
Demographics Duration
of cisplatin delayed phase
and the
proportion of
patients with no
vomiting in the
overall phase
Rapoport et al*>*° AC, DB, MC, N=532 Primary: Primary:
HEC-1 PG, RCT CRin the Complete response in the delayed phase of CINV was observed in
One cycle delayed phase of | 73% of the individuals who received rolapitant compared to 58% who
Day 1: Patients > 18 CINV received placebo (P=0.006).
Rolapitant 180 mg once years of age with
plus granisetron 10 ug/kg KPS >60, life Secondary: Secondary:
IV plus dexamethasone 20 | expectancy >4 CRin the acute Rolapitant significantly improved the outcome of CR in the overall
mg PO months, and overall phase (P=0.001) and showed some improvement in CR during the
scheduled to phases, no acute phase (P=0.0051). For the endpoint of no emesis, there was
Vs receive a first emesis, no observed to be a significant response in the rolapitant group for the
course of significant delayed and overall phase (P<0.001) and an improved response in this
Day 1: cisplatin-based nausea, time to same group for the acute phase (P<0.002). No significant difference
placebo plus granisetron chemotherapy (> first emesis or to | was observed between the groups when evaluating the endpoint of no
10 pg/kg IV plus 60 mg/m?) use of rescue significant nausea.
dexamethasone 20 mg PO medications
Both groups received
dexamethasone 8 mg PO
BID on days two to four
Rapoport et al™>° AC, DB, MC, N=555 Primary: Primary:
HEC -2 PG, RCT One cycle CRin the Complete response in the delayed phase of CINV was observed in
delayed phase of | 70% of the individuals who received rolapitant compared to 62% who
Day 1: Patients > 18 CINV received placebo (P=0.042).

Rolapitant 180 mg once
plus granisetron 10 pg/kg
IV plus dexamethasone 20
mg PO

VS

years of age with
KPS >60, life
expectancy > 4
months,
scheduled to
receive a first

Secondary:
CRin the acute
and overall
phases, no
emesis, no

Secondary:
No significant differences were observed for the secondary endpoints in
the rolapitant group for the acute, overall and delayed phases.
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Study and Drug Regimen and and Study End Points Results
Demographics Duration
course of significant
Day 1: cisplatin-based nausea, time to
placebo plus granisetron chemotherapy (> first emesis or to
10 pg/kg IV plus 60 mg/mz) use of rescue
dexamethasone 20 mg PO medications
Both groups received
dexamethasone 8 mg PO
BID on days two to four
Schwartzberg et al*>*’ AC, DB, MC, N=1,369 Primary: Primary:
PG, RCT One cycle CRin the Complete response in the delayed phase of CINV was observed in

Day 1:

Rolapitant 180 mg once
plus granisetron 2 mg PO
plus dexamethasone 20
mg PO

VS

Day 1:

placebo plus granisetron 2
mg PO plus
dexamethasone 20 mg PO

Both groups received
granisetron 2 mg PO QD
on days two and three

Patients > 18
years of age,

naive to
HEC/MEC, with
KPS >60, life

expectancy >4
months,
scheduled to
receive a first
course of MEC
including
anthracycline

delayed phase of
CINV

Secondary:
CRin the acute
and overall
phases, no
emesis, no
significant
nausea, time to
first emesis or to
use of rescue
medications

71% of the individuals who received rolapitant compared to 62% who
received placebo when evaluating the total population (P=0.0002). For
the population that received an anthracycline, a CR in the delayed
phase of CINV was seen in 67% of the individuals who received
rolapitant compared to 62% who received placebo (P=0.0465). When
evaluating those that received a non-anthracycline MEC regimen, 76%
of the rolapitant group had a CR in the delayed phase of CINV
compared to 64% in the placebo group (P=0.0008).

Secondary:

The rolapitant group had a significant improvement in CR in the overall
phase and in emesis rates in both the delayed and overall CINV
phases. There were no significant differences in the other end points

Outcome, Phase Rolapita | Placebo P-value
population nt (%) (%)

CR, total Acute 83 80 0.1425

population

CR, ANC Acute 77 77 0.9659

CR, non-AC MEC Acute 91 84 0.0163

CR, total Overall 69 58 <0.0001
population

CR, ANC Overall 63 55 0.0332

CR, non-ANC, Overall 75 61 0.0003

MEC
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No emesis Delayed | 80 70 <0.001
No emesis Acute 88 85 0.085
No emesis Overall 79 65 <0.001
No significant Delayed | 73 69 0.194
nausea
No significant Acute 82 85 0.192
nausea
No significant Overall 71 67 0.118
nausea
Hesketh et al*® DB, DD, PG, N=694 Primary: Primary:
NEPA 07-07 MC, RCT Complete During the overall phase, 87.4% of patients in the netupitant-

Netupitant-palonosetron
100 mg-0.5 mg for one
dose

VS
netupitant-palonosetron
(200 mg-0.5 mg) for one
dose

VS
netupitant-palonosetron
(300 mg-0.5 mg) for one
dose

VS

palonosetron 0.5 mg for
one dose

VS

Patients 218
years of age with
histologically or
cytologically
confirmed
malignant
disease featuring
solid tumor(s),
chemotherapy
naive, Karnofsky
index = 70%;
scheduled to
receive HEC on
Day 1 with a
single dose of
cisplatin = 50
mg/m? either
alone orin
combination with
other
chemotherapy
agents

Multiple cycles

response during
the overall phase
period

Secondary:
Complete
response during
the acute and
delayed phases;
complete
protection during
the acute,
delayed, and
overall phases;
no emesis during
the acute,
delayed, and
overall phases;
no significant
nausea during
the acute,
delayed, and
overall phases

palonosetron 100 mg-0.5 mg group achieved complete response
(P=0.018); 87.6% in the netupitant-palonosetron 200 mg-0.5 mg group
(P=0.017); 89.6%; in the netupitant-palonosetron 300 mg-0.5 mg group
(P=0.004); 76.5% in the palonosetron alone group (P value not
reported) and 86.6% in the aprepitant plus ondansetron group
(P=0.027).

Secondary:

Complete response during the acute phase was seen in 98.5% of
patients in the netupitant 300 mg-palonosetron 0.5mg group compared
to 89.7% in the palonosetron alone group (P<0.01).

Complete response during the delayed phase was seen in 90.4% of
patients in the netupitant 100 mg-palonosetron 0.5 mg group (P<0.05),
91.2% in the netupitant 200 mg-palonosetron 0.5 mg group (P<0.01)
and 90.4 % of the netupitant 300 mg-palonosetron 0.5 mg group
(P<0.05) compared to 80.1% in the palonosetron group (no P value
reported) and 88.8% in the aprepitant plus ondansetron group
(P<0.05).

Complete protection was reported by more individuals in the netupitant-
palonosetron 300 mg-0.5 mg group compared to palonosetron alone in
the acute, delayed and overall phases (P<0.01, P<0.05, and P<0.01,

respectively). Significantly more patients in the netupitant-palonosetron
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Study and Drug Regimen and and Study End Points Results
Demographics Duration
aprepitant 125 mg plus 300 mg-0.5 mg group reported no emesis during the acute, delayed
ondansetron 32 mg IV and overall phases compared to the palonosetron alone group (all P
(exploratory arm) for one values <0.01).
dose
For the endpoint of no significant nausea, the netupitant-palonosetron
(All groups received 300 mg-0.5 mg group reported higher rates of 98.5% (P<0.05) for the
dexamethasone therapy- acute phase, 90.4% (P<0.01) for the delayed phase, and 89.6%
varying doses based on (P<0.05) for overall phase compared to palonosetron alone (93.4, 80.9,
study drug assigned) and 79.4%, respectively; no P values reported). The exploratory arm of
aprepitant plus ondansetron reported rates 94.0% for acute phase,
88.1% for delayed phase, and 85.8% for overall phase (P values not
reported).
Aapro et al”’ DB, DD, MC, N=1,455 Primary: Primary:
NEPA 08-18 PG, RCT Complete Complete response during the delayed phase was seen in 76.9% of the
One cycle response (no netupitant-palonosetron group compared to 69.5% of the palonosetron

Netupitant-palonosetron
(300 mg-0.5 mg) plus
dexamethasone 12 mg for
one dose

VS
palonosetron 0.5 mg plus

dexamethasone 20 mg for
one dose

Patients 218
years of age who
were
chemotherapy
naive with an
ECOG
performance
status of 0,1, or
2 and scheduled
to receive an
anthracycline/
cyclophosphami
de regimen on
Day 1 for
treatment of a
solid malignant
tumor

emetic episode
and no rescue
medication) in
preventing
nausea and
vomiting during
the delayed
phase

Secondary:
Complete
response during
the acute phase,
the overall
phase; Complete
protection during
the acute,
delayed and
overall phases;
no emesis during

group (P=0.001).

Secondary:

Complete response during the acute phase was seen in 88.4% of the
netupitant-palonosetron group compared to 85.0% of the palonosetron
group (P=0.047).

Complete response during the overall phase was seen in 74.3% of the
netupitant-palonosetron group compared to 66.6% of the palonosetron
group (P=0.001).

Significantly more patients in the netupitant-palonosetron group
reported no emesis during the acute, delayed and overall phases
compared with the palonosetron group (P=0.025, P=0.004, and
P<0.001, respectively).

Significantly more patients in the netupitant-palonosetron group
reported no significant nausea during the delayed and overall phases,
but not the acute phase, compared with the palonosetron group
(delayed, P=0.014; overall, P=0.020; acute, P=0.747).
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the acute,
delayed and Complete protection was achieved by more patients who received
overall phases; netupitant-palonosetron compared to palonosetron during the delayed
no significant (67.3 vs 60.3%; P=0.005) and overall phases (63.8 vs 57.9%;
nausea during P=0.020).
the acute,
delayed and FLIE questionnaire results showed that a greater proportion of patients
overall phases; receiving netupitant-palonosetron vs patients receiving palonosetron
proportion of reported no impact on daily living from CINV (nausea domain, P=0.015;
patients with vomiting domain, P=0.001; combined domain, P=0.005).
scores reflecting
“no impact on
daily life” on
daily life using
the FLIE
questionnaire

Gralla et al®” DB, DD, MC, N=413 Primary: Primary:

NEPA 10-29 PG, RCT Safety (adverse | The most common treatment-emergent, drug-related adverse events

Netupitant-palonosetron
(300 mg-0.5 mg) plus
dexamethasone for one
dose (dose based on the
emetogenic potential of the
chemotherapy regimen)

VS

palonosetron 0.5 mg on

Patients 218
years of age who
were
chemotherapy
naive with an
ECOG
performance
status of 0 to 2
and scheduled to
receive repeated

Multiple cycles
(total of 1961)

events, vital sign
measurements,
laboratory tests
including cardiac
troponin I,
physical
examination
ECG recordings
including left
ventricular
ejection fraction)

reported in the treatment groups were constipation (netupitant-
palonosetron, 3.6%; palonosetron-aprepitant, 1.0%) and headache
(netupitant-palonosetron and palonosetron-aprepitant, both 1.0%).

Adverse events did not increase over multiple cycles, and the
incidence, type and frequency of treatment-emergent adverse events
was similar for both groups throughout the study. The treatment groups
had comparable rates of patients who developed treatment-emergent
ECG abnormalities.

Secondary:

Day one plus aprepitant consecutive Complete response rates during the overall phase were high in both
(125 mg Day one and 80 courses of Secondary: treatment groups over all six cycles of chemotherapy, ranging from 81
mg Days two to three) plus | chemotherapy Complete to 92% in the netupitant-palonosetron group and from 76 to 88% in the
dexamethasone (dose with either highly response during | palonosetron-aprepitant group. Complete response rates were

based on the emetogenic or moderately the acute, numerically greater for patients receiving netupitant-palonosetron
potential of the emetogenic delayed and during the overall phase and the delayed phase. Complete response
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chemotherapy regimen) agents for overall phases; rates were similar for the treatment groups during the acute phase (P
treatment of a no significant values not reported).
malignant tumor nausea during
the acute,
delayed and
overall phases
Postoperative Nausea and Vomiting (PONV)
Diemunsch et al*’ DB, MC, PC, N=922 Primary: Primary:
RCT Complete Complete response was achieved in 64% of patients in the aprepitant
Aprepitant 40 mg by mouth 48 hours response (no 40 mg group, 63% in the aprepitant 125 mg group, and 55% in the
Patients 218 vomiting and no | ondansetron group, indicating non-inferiority of the aprepitant treatment
VS years of age use of rescue compared to ondansetron treatment.
(ASA lorlll therapy) over 0
aprepitant 125 mg mouth status) to 24 hours after | The percentage of patients with no vomiting over 0 to 24 hours was
undergoing open surgery; no 84% with aprepitant 40 mg, 86% with aprepitant 125 mg, and 71% with
Vs abdominal vomiting over O ondansetron 4 mg (P<0.001 for both doses of aprepitant vs
surgery requiring to 24 hours after | ondansetron).
ondansetron 4 mg IV at least one surgery
overnight Secondary:
hospital stay and Secondary: The percentage of patients with no vomiting over 0 to 48 hours was
receiving No vomiting in 82% with aprepitant 40 mg, 85% with aprepitant 125 mg, and 66% with
volatile-agent- the first 48 hours | ondansetron 4 mg (P<0.001 for both doses of aprepitant vs
based general after surgery ondansetron).
anesthesia
including nitrous
oxide
Gan et al® DB, MC, PC, N=805 Primary: Primary:
RCT Complete Complete response was achieved in 45% of patients in the aprepitant
Ondansetron 4 mg IV 48 hours response (no 40 mg group, 43% in the aprepitant 125 mg group, and 42% in the

Vs
aprepitant 40 mg by mouth

VS

Patients 218
years of age
(ASA lorlll
status) who were
scheduled to
undergo open

vomiting and no
use of rescue
therapy in the 24
hours after
surgery)

ondansetron group, indicating non inferiority of the aprepitant treatment
compared to ondansetron treatment (P>0.5 for both doses of aprepitant
vs ondansetron).

Secondary:
Over 0 to 24 hours, the treatments did not differ significantly in the use
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abdominal Secondary: of rescue therapy (45, 44, and 46% for aprepitant 40 mg, 125 mg, and
aprepitant 125 mg by surgery requiring No rescue ondansetron, respectively).
mouth an overnight therapy 0 to 24

hospital stay and hours; no More patients in both aprepitant groups reported no vomiting for the 0

were scheduled vomiting 0 to 48 | to 48 hour time interval compared to the ondansetron group (OR, 2.7

to receive hours for aprepitant 40 mg vs ondansetron and 6.9 for aprepitant 125 mg vs

general ondansetron; P<0.001 for both ratios).

anesthesia

including nitrous

oxide with

volatile

anesthetics
Green et al®” DB, RCT N=120 Primary: Primary:

Complete The aprepitant alone and aprepitant with scopolamine did not differ in

Aprepitant 40 mg Patients >18 24 hours response complete responses (63 vs 57%; P=0.57).

years of age,
Vs ASA I-IIl, two or Secondary: Secondary:

more Apfel four- Incidences of Incidences of nausea, vomiting, their composite, and the need for
aprepitant 40 mg and point risk factors, nausea, rescue medication, all showed no statistical difference.
scopolamine transdermal undergoing an vomiting, their
patch elective surgical composite, and

procedure with a the need for

high risk of rescue

PONYV expected medication

to last at least 60

minutes
Hartrick et al* OL, PRO N=24 Primary: Primary:

Presence or The percentage of patients experiencing PONV was significantly lower

Aprepitant 40 mg by mouth | Patients 48 hours absence of with aprepitant (25%) compared to the multimodal analgesia group

undergoing total PONYV during the | (75%; P=0.039).
VS knee postoperative

arthroplasty period There were no significant differences in pain scores, need for rescue
ondansetron 4 mg and receiving therapy, or adverse events among the treatment groups.
dexamethasone (4 to 6 extended- Secondary:
mg) plus either release Not reported Secondary:
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Study Design Sample Size

Study and Drug Regimen and and Study End Points Results

Demographics Duration
metoclopramide 10 mg, morphine for Not reported
diphenhydramine 25 mg, postoperative
or prochlorperazine 5 mg pain

management
Sinha et al™ DB, PC, RCT N=124 Primary: Primary:

Incidence of The cumulative incidence of vomiting at 72 hours was 3.1% (2/64) the

Aprepitant 80 mg Morbidly obese 3 days vomiting aprepitant group and 15.0% (9/60) in the placebo group (P=0.021).

adult patients
VS undergoing Secondary: Secondary:

laparoscopic Nausea verbal Complete response to treatment was seen in 42.18 and 36.67%
placebo bariatric surgery rating scale, patients in the aprepitant and placebo groups, respectively (P=0.510).

considered at complete Verbal rating scale scores failed to show any statistically significant
All patients received high risk for response (no difference between the groups at all the recorded time points
intravenous ondansetron PONV nausea or (P=0.675). There were no statistical differences with respect to rescue

(4 mg) intraoperatively.

vomiting), rescue
treatment use

treatments for nausea and vomiting, as 42.18% in the aprepitant group
vs 42.33% in the placebo group required additional antiemetics.

Drug regimen abbreviations: BID=twice daily, [V=intravenously, PO=by mouth, QD=once daily
Study abbreviations: AC=active-controlled, Cl=confidence interval, DB=double-blind, MA=meta-analysis, MC=multicenter, NS=non-significant, PC=placebo-controlled, PG=parallel-group,
PRO=prospective, RCT=randomized controlled trial, RR=relative risk
Other abbreviations: 5-HT3=serotonin type-3, ASA=American Society of Anesthesiologists, CINV=chemotherapy-induced nausea and vomiting, CR=complete response, ECG=echocardiogram,

FILE=Functional Living Index-Emesis, PONV=post-operative nausea and vomiting
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Special Populations

Table 5. Special Populations1'4

Population and Precaution

pediatric patients has
not been established.

dysfunction.

Use is not
recommended
in patients
with severe
(Child-Pugh

Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction | Dysfunction Category | Breast Milk
Single Entity Products
Clinical experience No dose No dosage Insufficient | Unknown;
has not identified adjustment is | adjustment data to use with
differences in required for required for inform of a | caution.
responses between any degree of | mild to drug-
elderly and younger renal moderate associated
patients. dysfunction, (Child-Pugh risk.
including score 510 9)
. FDA-approved for end-stage hepatic
Aprepitant CINV in pediatric renal dysfunction.
patients 212 years of disease.
age. Not studied in
patients with
Safety and efficacy in severe (Child-
pediatric patients has Pugh score
not been established >9) hepatic
for PONV. dysfunction.
Clinical experience No dose No dosage Insufficient | Unknown;
has not identified adjustment is | adjustment data to use with
differences in required for required for inform of a | caution.
responses between any degree of | mild to drug-
elderly and younger renal moderate associated
patients. dysfunction, (Child-Pugh risk.
including score 510 9)
Fosaprepitant Safety and efficacy in | end-stage hepatic
dimeglumine pediatric patients has renal dysfunction.
not been established. | disease.
Not studied in
patients with
severe (Child-
Pugh score
>9) hepatic
dysfunction.
No overall differences | Not reported. | No dosage Insufficient | Unknown;
in safety or efficacy adjustment data to use with
were reported required for inform of a | caution.
between the elderly mild to drug-
subjects and younger moderate associated
subjects. (Child-Pugh risk.
Rolapitant ) . class A or B)
hydrochloride Safety and efficacy in hepatic
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Population and Precaution

Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Children Dysfunction | Dysfunction Category | Breast Milk
class C)
hepatic
dysfunction.
Combination Products
Netupitant/ Controlled clinical Renal dose No dose C Unknown;
palonosetron studies did not include | adjustment adjustment use with
sufficient numbers of not required required for Insufficient | caution.
elderly patients to for mild or mild to data to
determine whether moderate moderate inform of a
they respond defiantly | dysfunction dysfunction drug-
than younger adult (CrCI=30). (Child-Pugh associated
patients. score 5 to 8). risk.
Not studied in
Safety and efficacy in | severe Data is limited
pediatric patients have | dysfunction for severe
not been established. (CrClI<30). hepatic
dysfunction
(Child-Pugh
score >8).

CINV=chemotherapy-induced nausea and vomiting, CrCl=creatinine clearance, PONV=post-operative nausea and vomiting

Adverse Drug Events

Table 6. Adverse Drug Events'™

Adverse Events Aprepitant* | Fosaprepitant* | Rolapitant’ Netupitant/
palonosetron
Abdominal pain 6 N 3 .
Anemia - 3 3 -
Asthenia 7 4 N 8
Constipation - R N 3
Decreased appetite - - 9 .
Dehydration 3 - - -
Diarrhea 9 13 - -
Dizziness - - 6 .
Dyspepsia 7 2 4 2
Erythema - N N 3
Extremity Pain - 2 N .
Fatigue 13 13 N 107
Headache - R N 9
Hiccups 5 N 5 .
Leukopenia - 2 N .
Neutropenia 4 8 710 9 .
Peripheral Neuropathy - 3 - -
Stomatitis - - 4 -
Urinary Tract Infection - 2 4 -

-Event not reported or <1%

*In combination with ondansetron and dexamethasone
tIn combination with a 5-HT3 receptor antagonist and dexamethasone
tIn combination with dexamethasone
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Contraindications

Table 7. Contraindications™

- _ _ Rolapitant Netupitant/
Contraindication Aprepitant | Fosaprepitant hydrochloride | palonosetron

Hypersensitivity to the active drug or

any component a a a a

Concurrent use of pimozide a a

Concurrent use of thioridazine a

Warnings/Precautions

Table 8. Warnings and Precautions ™
= | § |z2| 26
i s | 8o | 8@

Warning/Precaution GE.’_ :%_ E. § S g
2| 2 |85 23
L. - o

Clinically significant CYP3A4 drug interactions; aprepitant is a

substrate, a weak-to moderate inhibitor and inducer of CYP3A4; use

with strong CYP3A4 inhibitors or inducers may result in an increased a a

risk of adverse events.

Clinically significant CYP2D6 substrate drug interactions with a narrow

therapeutic index; inhibitory effect may last for up to seven days. a

Concurrent use of warfarin may result in a clinically significant decrease

in International Normalized Ratio (INR) of prothrombin time. a a

Risk of reduced efficacy of hormonal contraceptives; recommend back-

up method of contraception during treatment and for one month a a

following the last dose

Hypersensitivity reactions, including anaphylaxis have been reported

with or without known hypersensitivity to other 5-HT3 receptor a

antagonists.

Serotonin syndrome has been reported in patients treated with 5-HT3

receptor antagonists, most of which have been associated with

concomitant use of serotonergic drugs; discontinue use if symptoms of a

serotonin syndrome develop.

Drug Interactions

Table 9. Drug Interactions '™

Interacting

Generic Name . ‘
Medication or Disease

Potential Result

Aprepitant, CYP3A4 substrates Increased pimozide exposure; aprepitant use is
fosaprepitant (Pimozide) contraindicated

Aprepitant, CYP3A4 substrates Increased exposure to benzodiazepines metabolized
fosaprepitant (benzodiazepines) via CYP3A4 (midazolam, alprazolam, triazolam);

increased risk for adverse events; monitoring for
benzodiazepine-related adverse events is
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Generic Name

Interacting
Medication or Disease

Potential Result

recommended.
Aprepitant, CYP3A4 substrates Increased exposure to dexamethasone; increased risk
fosaprepitant (dexamethasone) for adverse events; dexamethasone dose adjustment
may be required.
Aprepitant, CYP3A4 substrates Increased exposure to methylprednisolone; increased
fosaprepitant (methylprednisolone) risk for adverse events; methylprednisolone dose
adjustment may be required.
Aprepitant, CYP3A4 substrates Increased exposure to the chemotherapeutic agent
fosaprepitant (chemotherapy agents) metabolized by CYP3A4; increased risk of adverse
events; additional monitoring for adverse events is
recommended.
Aprepitant, CYP3A4 substrates Concurrent use may reduce the effectiveness of
fosaprepitant (hormonal hormonal contraceptives; use of an effective back-up
contraceptives) method is recommended during treatment with
aprepitant and for one month after the last dose.
Aprepitant, CYP2C9 substrates Decreased warfarin exposure and prolongation of
fosaprepitant (warfarin) prothrombin time; increased monitoring of warfarin
prothrombin time is recommended when aprepitant is
used.
Aprepitant, Moderate (e.g. diltiazem) | Significantly increased exposure of aprepitant;
fosaprepitant to Strong (e.g. increased risk of adverse events; use of aprepitant in
ketoconazole, combination with a moderate or strong CYP3A4
clarithromycin, ritonavir) | inhibitor is not recommended.
CYP3A4 Inhibitors
Aprepitant, Strong CYP3A4 Substantially decreased exposure of aprepitant in
fosaprepitant Inducers (e.g. rifampin, patients with chronically taking a strong CYP3A4
carbamazepine, inducer may decrease the efficacy of aprepitant;
phenytoin) concurrent use of aprepitant and a strong CYP3A4
inducer is not recommended
Rolapitant CYP2D6 substrates with | Increased exposure to thioridazine and pimozide; may
a narrow therapeutic result in QT prolongation and torsades de pointes;
index (thioridazine, concurrent use is contraindicated; effect of rolapitant
pimozide) on CYP2D6 has been observed for 7 days, and may
last longer.
Rolapitant BCRP Substrates with a | Increased plasma concentrations of BCRP substrates
narrow therapeutic index | may result in potential adverse events; monitoring for
(e.g. methotrexate, adverse events is recommended if concurrent use
topotecan) cannot be avoided; use the lowest effective dose
Rolapitant P-gp substrates with a Increased plasma concentrations of digoxin or other
narrow therapeutic index | P-gp substrates; increased risk for adverse events;
(e.g. digoxin) monitoring for digoxin toxicity is recommended if
concurrent use cannot be avoided.
Rolapitant Strong CYP3A4 Significantly reduced plasma concentrations of
Inducers (e.g. rifampin) rolapitant; decreased efficacy of rolapitant may result;
avoid use of rolapitant in patients who require chronic
administration of a strong CYP3A4 inducer
Netupitant/ CYP3A4 substrates Increased systemic exposure to CYP3A4 substrates;

palonosetron

(e.g. dexamethasone,
midazolam, certain
chemotherapy agents)

may result in increased risk of adverse events.

Netupitant/

CYP3A4 inducers

Avoid use of netupitant/palonosetron in patients who
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Interacting

Generic Name . :
Medication or Disease

Potential Result

palonosetron (e.g. rifampin)

are chronically using a strong CPY3A4 inducer due to
reduced efficacy of the netupitant component.

CYP3A4 inhibitors
(e.g. ketoconazole)

Netupitant/
palonosetron

Concomitant use of netupitant/palonosetron in
patients using a strong CYP3A4 inhibitor can
significantly increase systemic exposure of netupitant.
However, no change is needed for a single dose.

Netupitant/
palonosetron

Serotonergic drugs
(e.g. 5-HT3 antagonists,
SSRIs, SNRIs)

Increased risk of serotonin syndrome (including
altered mental status, autonomic instability,
neuromuscular symptoms) have been observed,;
monitor for symptoms of serotonin syndrome; if
symptoms are present, discontinue
netupitant/palonosetron and begin supportive
treatment.

BCRP=Breast-Cancer-Resistance Protein, SSRI=selective serotonin reuptake inhibitor, SNRI=serotonin-norepinephrine reuptake

inhibitor

Dosage and Administration

Table 10. Dosing and Administration'

Generic Name | Adult Dose Pediatric Dose Availability

Single Entity Products

Aprepitant Prevention of acute and delayed Prevention of acute and Capsule:
CINV associated with initial and delayed CINV associated | 40 mg
repeat courses of HEC: with initial and repeat 80 mg
Capsule: courses of HEC (212 125 mg

Day 1: aprepitant 125 mg (one hour

HT3; antagonist

Day 2 and 3: aprepitant 80 mg +
dexamethasone 8 mg once daily in
the morning

Day 4: dexamethasone 8 mg once
daily in the morning

Prevention of CINV associated with
initial and repeat courses of MEC:
Capsule:

Day 1: aprepitant 125 mg (one hour

HT3; antagonist
daily in the morning
Prevention of PONV:

Capsule: 40 mg within three hours
prior to induction of anesthesia

prior to chemo) + dexamethasone 12
mg (30 minutes prior to chemo) + a 5-

prior to chemo) + dexamethasone 12
mg (30 minutes prior to chemo) + a 5-

Day 2 and 3: aprepitant 80 mg once

years of age):

Capsule: refer to adult
dosing; if a corticosteroid
such as dexamethasone
is co-administered, use
50% of the recommended
corticosteroid dose on
days 1 through 4

Safety and efficacy for
CINV has not been
established in pediatric
patients <12 years of
age.

Safety and efficacy for
PONV has not been
established in pediatric
patients.

Capsule Dose
Pack:
125 and 80 mg

Prevention of acute and delayed
CINV associated with initial and
repeat courses of HEC:

Fosaprepitant

Safety and efficacy in
pediatric patients has not

Vial:
150 mg
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Generic Name

Adult Dose

Pediatric Dose

Availability

Vial:

Day 1: aprepitant 150 mg via IV
infusion over 20 to 30 minutes (30
minutes prior to chemo) +
dexamethasone 12 mg (30 minutes
prior to chemo) + a 5-HT; antagonist
Day 2: dexamethasone 8 mg once
daily in the morning

Day 3 and 4: dexamethasone 8 mg
twice daily

Prevention of delayed CINV
associated with initial and repeat
courses of MEC:

Vial:

Day 1: aprepitant 150 mg via IV
infusion over 20 to 30 minutes (30
minutes prior to chemo) +
dexamethasone 12 mg (30 minutes
prior to chemo) + a 5-HT; antagonist

been established.

Rolapitant

Prevention of delayed CINV
associated with initial and repeat
courses of HEC:

Tablet:

Day 1: rolapitant 180 mg (two tablets;
one to two hours prior to chemo) +
dexamethasone 20 mg (30 minutes
prior to chemo) + a 5-HT; antagonist
Day 2, 3, 4: dexamethasone 8 mg
twice daily

Prevention of delayed CINV
associated with initial and repeat
courses of MEC and prevention of
delayed CINV associated with
combination of anthracycline and
cyclophosphamide:

Tablet:

Day 1: rolapitant 180 mg (two tablets;
one to two hours prior to chemo) +
dexamethasone 20 mg (30 minutes
prior to chemo) + a 5-HT; antagonist

Safety and efficacy in
pediatric patients has not
been established.

Tablet:
90 mg

Combination Products

Netupitant/
palonosetron

Prevention of acute and delayed
CINV associated with initial and
repeat courses of HEC:

Capsule:

Day 1: netupitant/palonosetron
300/0.5 mg (one hour prior to chemo)
+ dexamethasone 12 mg (30 minutes
prior to chemo)

Day 2, 3, 4: dexamethasone 8 mg

Safety and efficacy in
pediatric patients has not
been established.

Capsule:
300/0.5 mg
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Generic Name

Adult Dose Pediatric Dose Availability

once daily

Prevention of acute and delayed

CINV associated with initial and

repeat courses of cancer

chemotherapy not considered highly

emetogenic:
Capsule:
Day 1: netupitant/palonosetron
300/0.5 mg (one hour prior to chemo)
+ dexamethasone 12 mg (30 minutes
prior to chemo)

Other abbreviations: CINV=chemotherapy-induced nausea and vomiting, HEC=highly emetogenic cancer chemotherapy,
MEC=moderately emetogenic cancer chemotherapy, PONV=post-operative nausea and vomiting

Clinical Guidelines

Table 11. Clinical Guidelines

Clinical Guideline

Recommendations

National
Comprehensive
Cancer Network
(NCCN)

Clinical Practice
Guidelines in
Oncology:
Antiemesis (2015)’

For high emetic risk intravenous (IV) chemotherapy the following is
recommended:

Day 1:

Day 2:

OR
Day 1:

Day 2:

OR
Day 1:

Day 2:

The combination of a neurokinin 1 (NK-;) receptor antagonist (aprepitant
125 mg PO once, fosaprepitant 150 mg IV once or rolapitant 180 mg PO
once) plus dexamethasone and any serotonin (5-HT3) antagonist
(dolasetron 100 mg PO once, granisetron [2 mg PO once or 1 mg PO
BID, or 0.01 mg/kg (max 1 mg) IV once, 3.1 mg/24h TD patch applied 24
to 48 hours prior to first does of chemo], ondansetron 16 to 24 mg PO
once or 8 to 16 mg IV once, or palonosetron 0.25 mg IV once)

If aprepitant PO is given on day 1, give aprepitant 80 mg PO daily on
days 2,3 plus dexamethasone daily days 2, 3, 4

If fosaprepitant IV given on day 1, give dexamethasone days 2, 3, 4
If rolapitant is given on day1, give dexamethasone days 2, 3, 4

Netupitant 300 mg/palonosetron 0.5 mg PO once plus dexamethasone

Dexamethasone days 2, 3, 4

The combination of olanzapine 10 mg PO once, palonosetron 0.25 mg IV
once and dexamethasone may be given

Olanzapine 10 mg PO days 2, 3, 4

May be given with or without lorazepam, an H, receptor blocker or a PPI.

For moderate emetic risk IV chemotherapy the following is recommended:
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Clinical Guideline

Recommendations

Day 1:
- The combination of dexamethasone and a 5-HT; antagonist
(palonosetron preferred) with or without a NK-4 receptor antagonist.
Day 2:
- 5-HT; antagonist monotherapy days 2, 3 (unless palonosetron IV had
been given on day 1) OR
Steroid monotherapy days 2, 3 OR
NK-; antagonist + steroid
OR
Day 1:
- Netupitant 300 mg/palonosetron 0.5 mg PO once plus dexamethasone
Day 2:
- Dexamethasone days 2, 3, 4
OR
Day 1:
- The combination of olanzapine 10 mg PO once, palonosetron 0.25 mg IV
once and dexamethasone may be given
Day 2:

Olanzapine 10 mg PO days 2, 3
May be given with or without lorazepam, an H, receptor blocker or a PPI.

For low emetic risk IV chemotherapy the following is recommended:
Dexamethasone; OR
Metoclopramide PRN; OR
Prochlorperazine PRN (maximum 40 mg/day); OR
Dolasetron, granisetron or ondansetron; OR
Lorazepam PRN; OR
H, blocker or PPI

For oral chemotherapy with moderate to high emetic risk the following is
recommended:
A 5-HT; antagonist (dolasetron, granisetron or ondansetron)
Lorazepam may be given.
An H, receptor blocker or PPl may be given.

American Society of
Clinical Oncology
Clinical Practice:
Guideline Update-
Emesis (2015)®

For the prevention of acute nausea and vomiting following chemotherapy of high
emetic risk the following is recommended:
- Athree-drug combination of a NK-4 receptor antagonist (Days 1 through
3 for aprepitant; Day 1 only for fosaprepitant), a 5-HT; receptor
antagonist (Day 1 only) and dexamethasone (Days 1 through 3 or Days 1
through 4). The oral combination of netupitant and palonosetron plus
dexamethasone is an additional treatment option.

For the prevention of acute nausea and vomiting following chemotherapy of
moderate emetic risk the following is recommended:
A two-drug combination of palonosetron (Day 1 only) and
dexamethasone (Days 1 through 3). If palonosetron is not available, may
substitute a first-generation 5-HT; receptor antagonist (preferably
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Clinical Guideline

Recommendations

granisetron or ondansetron).
There is limited evidence that supports adding aprepitant to the
combination.

For the prevention of acute nausea and vomiting following chemotherapy of low
emetic risk the following is recommended:
A single 8 mg dose of dexamethasone before chemotherapy.

For the prevention of acute nausea and vomiting following chemotherapy of
minimal emetic risk the following is recommended:
No antiemetic should be administered routinely to individuals before or
after chemotherapy.

Multinational
Association of
Supportive Care in
Cancer (MASCC)
and European
Society for Medical
Oncology (ESMO):
Antiemetic
Guideline (2013)°

For the prevention of acute nausea and vomiting following chemotherapy of high

emetic risk or a regimen of anthracycline plus cyclophosphamide the following is

recommended:

A three-drug regimen of single doses of a 5-HT; receptor antagonist,
dexamethasone and oral aprepitant 125 mg (or fosaprepitant 150 mg V).
For delayed emesis, it is recommended to give aprepitant 80 mg once daily
for two days after chemotherapy (or none if fosaprepitant is used on Day 1).

For the prevention of acute nausea and vomiting following chemotherapy of

moderate emetic risk the following is recommended:

Palonosetron plus a single 1V dose of dexamethasone 8 mg.

For the prevention of acute nausea and vomiting following chemotherapy of low

emetic risk the following is recommended:

A single antiemetic such as dexamethasone, a 5-HT; receptor antagonist or
a dopamine receptor antagonist, such as metoclopramide.

For the prevention of acute nausea and vomiting following chemotherapy of

minimal emetic risk the following is recommended:

No antiemetic should be routinely administered to individuals without a
history of nausea and vomiting.

For patients receiving multiple-day cisplatin the following is recommended:
A 5-HT; receptor antagonist plus dexamethasone for acute nausea and
vomiting and dexamethasone for delayed nausea and vomiting.
The addition of an NK-4 receptor antagonist (aprepitant or fosaprepitant)
could be considered starting no later than day three (optimal administration
schedule not defined).

Pediatric Oncology
Group of Ontario:
Guideline for the
Prevention of
Acute Nausea and
Vomiting due to
Antineoplastic
Medication in
Pediatric Cancer
Patients (2012)"

Acute antineoplastic-induced (high emetic risk) nausea and vomiting

- Children 212 years old and receiving antineoplastic agents of high emetic risk
which are not known or suspected to interact with aprepitant
receive: ondansetron or granisetron + dexamethasone + aprepitant.
Children =212 years old and receiving antineoplastic agents of high emetic risk
which are known or suspected to interact with aprepitant receive:
ondansetron or granisetron + dexamethasone.
Children <12 years old and receiving antineoplastic agents of high emetic
risk receive: ondansetron or granisetron + dexamethasone.

Acute antineoplastic-induced (moderate emetic risk) nausea and vomiting
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Clinical Guideline Recommendations

Ondansetron or granisetron + dexamethasone is recommended

Acute antineoplastic-induced (low emetic risk) nausea and vomiting
Ondansetron or granisetron is recommended

Acute antineoplastic-induced (minimal emetic risk) nausea and vomiting
No routine prophylaxis is recommended

Role of aprepitant in children receiving antineoplastic therapy:

- Use of aprepitant be restricted to children 12 years of age and older who are
about to receive highly emetogenic antineoplastic therapy which is not known
or suspected to interact with aprepitant.

There is no evidence to support the safe and effective use of aprepitant in
younger children.

Conclusions

The NK; antagonists are mostly utilized for the prevention CINV. Aprepitant (Emend®) and its prodrug
fosaprepitant dimeglumine (Emend®) have been available for some time with newer agents such as
rolapitant (Varubi®) and neutipitant/palonosetron (Akynzeo®) recently receiving FDA approval. In addition
to CINV, aprepitant is FDA-approved for the prevention of post-operative nausea and vomiting in adults.™

It is recommended that antiemetic therapy be initiated before the administration of chemotherapy and
then continued throughout the period when delayed emesis may occur. Choice of antiemetic regimen
depends primarily on the emetogenic potential and the risk of delayed CINV associated with the
chemotherapy agents. The period of risk for CINV may be up to three days after administration of highly
emetogenic chemotherapy (HEC) and at least two days after moderately emetogenic chemotherapy
(MEC)." For the prevention of CINV post-HEC, triple therapy with a 5-HT3 receptor antagonist,
dexamethasone, and a NK; receptor antagonist is recommended.”® The updated 2015 National
Comprehensive Cancer Network (NCCN) guidelines do not currently recommend one specific regimen
over another.’ For the prevention of CINV post-MEC, a 5-HT; receptor antagonist and dexamethasone is
recommended, with a NK; receptor antagonist being optional.”® Most guidelines have not yet been
updated to include netupitant/palonosetron and/or rolapitant.® ™

The safety and efficac¥ of the NK1 antagonists have been evaluated in several clinical trials for their FDA-
approved indications."™ There are currently no clinical trials that compare two different NK; antagonist to
each other. All agents are formulated as oral capsules or tablets, with the exception of fosaprepitant,
which is an intravenous injection. For HEC, fosaprepitant, rolapitant, and netupitant/palonosetron are
given only on day one as a single dose, while aprepitant is given for three days. All NK; antagonists are
associated with drug interactions to some extent. Of particular concern are drug interactions with agents
that are either substrates of CYP3A4 or inhibit/induce CYP3A4. Dose adjustments and contraindications
may apply based on the concurrent agent.1'4 Aprepitant capsules are the only NK; antagonist currently
approved by the FDA for use in pediatric patients. Both the FDA-ap(Proved label and clinical guidelines do
not recommend aprepitant for patients less than 12 years of age.1'1 Due to its co-formulation,
netupitant/palonosetron carries the associated warnings of palonosetron, including a risk for serotonin
syndrome.*
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Therapeutic Class Overview
Opioid Dependence Agents

Overview/Summary:

This review will focus on the partial opioid agonists and opioid antagonists. These agents are used
alone or in combination in the treatment of opioid use disorder with several agents used for the
reversal of opioid overdose."® Buprenorphine (Subutex®) buprenorphine/naloxone (Bunavail®,
Suboxone®, Zubsolv®) and naltrexone (ReVia®, Vivitrol®) are Food and Drug Administration (FDA)-
approved for the treatment of opioid dependence.1'7 Naltrexone is also FDA-approved for use in
alcohol dependence.”* Naloxone solution and naloxone auto-injector (Evzio®) are used for the
emergency treatment of known or suspected opioid overdose, as manifested by respiratory and/or
central nervous system depression.s'g Buprenorphine is available as a sublingual tablet,
buprenorphine/naloxone is available as sublingual tablet sublingual film and buccal film, and
naltrexone is available as a tablet and extended-release suspension for injection. Naloxone is
available as a vial for injection, prefilled syringe for injection and auto-injector solution (Evzio®)'®
Products which contain buprenorphine are classified as Schedule Il controlled substances.' The
transdermal and injectable formulations of buprenorphine, Butrans®and Buprenex®, respectivel1y, are
FDA-approved for use in the management of pain and will not be discussed within this review.'""?
Buprenorphine and buprenorphine/naloxone sublingual tablets, naltrexone tablets and naloxone vials
and prefilled syringes are currently available generically.

Buprenorphine is a partial opioid agonist at the y-opioid receptor (associated with analgesia and
dependence) and an antagonist at the k-opioid receptor (related to dysphoria). Partial opioid agonists
reach a ceiling effect at higher doses and will displace full opioid agonists from the y-opioid receptor.
Buprenorphine is associated with a lower abuse potential, a lower level of physical dependence and
is safer in overdose when compared to full opioid agonists "*” Naloxone and naltrexone are
antagonists at the p-opioid receptor.2'9 Naloxone has measurable blood levels following sublingual
buprenorphine/naloxone administration. However, due to naloxone’s low oral bioavailability, there are
no significant physiological or subjective differences when compared to the administration of
buprenorphine alone. Following intramuscular or intravenous administration, buprenorphine/naloxone
is associated with symptoms of opioid withdrawal and dysphoria which is caused by a stronger affinity
of naloxone for the opioid receptor compared to buprenorphine.*” Therefore, the addition of naloxone
to buprenorphine results in a decreased risk of diversion compared to buprenorphine monotherapy.10
Similarly, when naloxone alone is administered to a patient via intravenous, intramuscular or
subcutaneous routes, reversal of opioid-related effects is expected. This includes respiratory and/or
nevous system depression.s'g Evzio® (naloxone injection) is a prefilled autoinjector designed to deliver
0.4 mg of naloxone per injection. The injection can be given intramuscularly or subcutaneously into
the outer thigh and may be given through clothing, if necessary. In addition, the device has a
retractable needle system that is designed to prevent needlesticks. Evzio® (naloxone injection) is
designed to be administered by laypersons in the presence of a patient with an apparent opioid
overdose. The autoinjector device gives electronic voice instructions to the caregiver, including
instruction to seek emergency medical assistance after a dose is administered.®

The United States Substance Abuse and Mental Service Clinical Guideline for the Use of
Buprenorphine in the Treatment of Opioid Addiction recommends the use of buprenorphine/naloxone
for the induction, stabilization and maintenance phases of opioid addiction treatment for most
patients. This guideline also notes that buprenorphine alone should be used for pregnant patients and
for the induction therapy of patients who are transitioning from methadone treatment." Naloxone is
recommended as an appropriate emergency pharmacologic intervention for instances of opioid
overdose.™ Additionally, The Substance Abuse and Mental Health Services Administration and
American Medical Association are among some of the prominent medical organizations and
advocacy 1%roups that recognize naloxone as standard care for pharmacologic treatment of opioid
overdose. ™"’
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Table 1. Current Medications Available in Therapeutic Class'”®

Food and Drug

Generic Name _ . Generic
(Trade Name) Admlnlls;a?::l:t?oﬁgproved Dosage Form/Strength Availability
Single Entity Agents
Buprenorphine Opioid dependence, Sublingual tablet:
treatment induction*’T; opioid | 2 mg
dependence, treatment 8 mg a
maintenance* '
Naltrexone Alcohol dependence op|0|d Suspension for injection,
(ReVia®, Vivitrol®) dependence? (ReV|a ); extended-release (VlVltroI ):
opioid dependence, 380 mg )
prevention of relapse
following opioid Tablet (ReVia®):
detoxification (V|V|trol ) 50 mg
Naloxone (Evzio®) Opioid overdose® Auto- n?gector solution
(Evzio™):
0.4 mg/0.4 mL
Prefilled syringe, solution:
0.4 mg/mL a
2 mg/2 mL
Vial, solution
0.4 mg/mL
Combination Product
Buprenorghlne/naloxone Opioid dependence, Buccal film (Bunavail®):
(Bunavall Suboxone®!, | treatment induction 2.1/0.3 mg
Zubsolv®) (Suboxone®); opioid 4.2/0.7 mg
dependence, treatment 6.3/1 mg
maintenance’
Sublingual film (Suboxone®):
2/0.5 mg
4/1 mg
8/2 mg
12/3 mg a
Sublingual tablet:
2/0.5 mg
8/2 mg
Sublingual tablet (Zubsolv®):
1.4/0.36 mg
5.7/1.4 mg

* According to the manufacturer, buprenorphine sublingual tablets are preferred for use only during induction of treatment for opioid

dependance, but can be used for maintenance treatment in patients who cannot tolerate the presence of naloxone.

1 As part of a complete treatment plan to include counseling and psychosocial support.

FAs part of a comprehensive plan of management that includes some measure to ensure the patient takes the medication.
As manifested by respiratory and/or central nervous system depression.

ﬁGeneric available in at least one dosage form or strength.

Evidence-based Medicine

Buprenorphine and buprenorphine/naloxone significantly improve many different outcomes for
patients with opioid dependence compared to flacebo and no treatment, but are generally found to
not be significantly different from one another.
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FDA-approval of buprenorphine buccal film (Bunavail®) and buprenorphine/naloxone tablet (Zubsolv®)
was via the 505(b)(2) pathway. Clinical and safety data for these medications is based on previously
approved buprenorphine or buprenorphine/naloxone formulations.>’

Buprenorphine has been compared to methadone in several clinical studies and reviewed in multiple
meta-analyses. Overall, studies have demonstrated that buprenorphine-based therapy was as
effective as methadone in the management of opioid dependence.?? *'3®

A meta-analysis of 1,158 participants in 13 randomized trials compared oral naltrexone maintenance
treatment to either placebo or non-medication. No difference was seen between the active and
control groups in sustained abstinence or most other primary outcomes.

o Considering only studies in which patient’s adherence were strictly enforced, there was a
statistically significant difference in retention and abstinence with naltrexone over non therapy
(relative risk [RR], 2.93; 95% Cl, 1.66 to 5.18).%°

The efficacy and safety of Vivitrol® (naltrexone extended-release) for opioid dependence was
evaluated in a 24-week, placebo-controlled randomized control trial. The percentage of subjects
achieving each observed percentage of opioid-free weeks was greater in the naltrexone extended
release group compared to the placebo group. Complete abstinence (opioid-free at all weekly visits)
was sustained by 23% of subjects in the placebo group compared with 36% of subjects in the
naltrexone extended release group from Week 5 to Week 24.>°

FDA-approval of Evzio® (naloxone injection) was based upon data from a bioavailability trial that
compared Evzio® (naloxone injection) to naloxone given through a standard syringe. Subjects were
randomized to receive Evzio® (naloxone injection) or standard naloxone injection on day one. On day
two, the subjects received the opposite treatment in order to evaluate the comparative bioavailability.
The mean peak plasma concentration (C,,.x), median times to peak plasma concentrations (T ax),
mean elimination half-life (T4,) and mean area under-the-curve (AUC) mere similar when Evizio®
(naloxone injection) was compared to standard naloxone injections (P values not reported).60

Key Points within the Medication Class

According to Current Clinical Guidelines:

o0 The United States Substance Abuse and Mental Service Clinical Guideline for the Use of
Buprenorphine in the Treatment of Opioid Addiction recommends the use of
buprenorphine/naloxone for the induction, stabilization and maintenance phases of opioid
addiction treatment for most patients.13

o0 This guideline also notes that buprenorphine alone should be used for pregnant patients and
for the induction therapy of patients who are transitioning from methadone treatment.™

o0 Naloxone is recommended as an appropriate emergency pharmacologic intervention for

instances of opioid overdose.

Naltrexone is generally reserved as an alternative regimen after buprenorphine-containing
products and methadone.™

Other Key Facts:

0 According to the Drug Addiction Treatment Act of 2000, the ability to prescribe buprenorphine
or buprenorphine/naloxone for the maintenance or detoxification of opioid dependence is
limited to physicians who have obtained a waiver and a unique Drug Enforcement Agency
number beginning with an X."®

o0 Naltrexone extended-release suspension for injection is injected intramuscularly in the gluteal
muscle every 4 weeks by a healthcare provider.3
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Therapeutic Class Review
Opioid Dependence Agents

Overview/Summary

This review will focus on the partial opioid agonists and opioid antagonists. These agents are used alone
orin comblnatlon |n the treatment of opioid use disorder with several agents used for the reversal of
opioid overdose." Buprenorphlne (Subutex ) buprenorphine/naloxone (Bunavall Suboxone®, Zubsolv® )
and naltrexone (ReV|a Vivitrol® ) are Food and Drug Administration (FDA)- approved for the treatment of
opioid dependence Naltrexone is also FDA-approved for use in alcohol dependence ® Naloxone
solution and naloxone auto-injector (Evzio®) are used for the emergency treatment of known or suspected
opioid overdose, as manifested by respiratory and/or central nervous system depression.®

Buprenorphine is available as a sublingual tablet, buprenorphine/naloxone is available as sublingual
tablet sublingual film and buccal film, and naltrexone is available as a tablet and extended-release
suspension for injection. Naloxone is available as a vial for injection, prefilled syringe for injection and
auto-injector solution (Ev2|o ) Products which contain buprenorphine are classified as Schedule i
controlled substances % The transdermal and injectable formulations of buprenorphine, Butrans®and
Buprenex respectwely, are FDA-approved for use in the management of pain and will not be discussed
within this review.""'> Buprenorphine and buprenorphine/naloxone sublingual tablets, naltrexone tablets
and naloxone vials and prefilled syringes are currently available generically.

Buprenorphine is a partial opioid agonist at the py-opioid receptor (associated W|th analge3|a and
dependence) and an antagonist at the k-opioid receptor (related to dysphorla) ” Compared to full opioid
agonists, partial agonists bind to the p-opioid receptor at a higher degree while activating the receptor to a
lesser degree. Partial opioid agonists reach a ceiling effect at higher doses and will displace full opioid
agonists from the p-opioid receptor. Although buprenorphine is associated with significant respiratory
depression when used intravenously, or by patients with concomitant benzodiazepine or alcohol abuse, it
is associated with a lower abuse potentlal a lower level of physical dependence and is safer in overdose
when compared to full opioid agonlsts Durlng buprenorphine administration, op|0|d dependent patients
experience positive subjective opioid effects which are limited by ceiling effect.”

Naloxone and naltrexone are antagonists at the y-opioid receptor.z'9 Naloxone has measurable blood
levels following sublingual buprenorphine/naloxone administration. However, due to naloxone’s low oral
bioavailability, there are no significant physiological or subjective differences when compared to the
administration of buprenorphine alone. Following intramuscular or intravenous administration,
buprenorphine/naloxone is associated with symptoms of opioid withdrawal and dysphona which is caused
by a stronger affinity of naloxone for the opioid receptor compared to buprenorphlne " Therefore, the
addition of naloxone to buprenorphine results in a decreased risk of diversion compared to buprenorphine
monotherapy S|m|IarIy, when naloxone alone is administered to a patient via intravenous, intramuscular
or subcutaneous routes, reversal of op|0|d -related effects is expected. This includes respiratory and/or
nevous system depressmn °Evzio® (naloxone injection) is a prefilled autoinjector designed to deliver 0.4
mg of naloxone per injection. The injection can be given intramuscularly or subcutaneously into the outer
thigh. Evzio® (naloxone injection) may be given through clothing, if necessary, and the deV|ce has a
retractable needle system that is designed to prevent needlesticks. Each carton of Evzio® (naloxone
injection) contalns two autoinjector devices and a trainer that may be reused for repeat training

purposes. ® Evzio® (naloxone injection) is designed to be administered by laypersons in the presence of a
patient with an apparent opioid overdose. The autoinjector device gives electronic voice instructions to
the caregiver, including instruction to seek emergency medical a55|stance after a dose is administered.
The electronic voice instructions also instruct caregivers to take the Evzio® (naloxone injection) to the
patient’s physician for proper disposal and a refill of the medication after a dose is used. Should the
electronic voice instructions fail to work, each autoinjector has printed |nstruct|ons on the label of the
device. If used according to the printed instructions on the device label, the Evzio® (naloxone injection)
autoinjector will st|II deliver the necessary dose of naloxone, even if the electronic voice instructions fail to
properly function.®
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The United States Substance Abuse and Mental Service Clinical Guideline for the Use of Buprenorphine
in the Treatment of Opioid Addiction recommends the use of buprenorphine/naloxone for the induction,
stabilization and maintenance phases of opioid addiction treatment for most patients. This guideline also
notes that buprenorphine alone should be used for pregnant patients and for the induction therapy of

patients who are transitioning from methadone treatment.”

Tran3|t|on|ng patients to

buprenorphine/naloxone as early as possible to m|n|m|ze potential diversion associated with
buprenorphine monotherapy is also reccomended.’® Veterans Health Administration and American
Psychiatric Association guidelines outline a similar strategy with methadone and buprenorphine first

line. 14-15

alternative reg|men
intervention for instances of opioid overdose.’

treatment of opioid overdose.'

Only the Amencan Psychiatric Association guidelines recommend naltrexone use as an
® Naloxone is recommended as an appropriate emergency pharmacologic

Addltlonally, The Substance Abuse and Mental Health
Services Administration and American Medical Association are among some of the prominent medical
organizations and advocacy groups that recognize naloxone as standard care for pharmacologic

According to the Drug Addiction Treatment Act of 2000, the ability to prescribe buprenorphine or
buprenorphine/naloxone for the maintenance or detoxification of opioid dependence is limited to
phyS|C|ans who have obtained a waiver and a unique Drug Enforcement Agency number beginning with

an X.'®

Medications

Table 1. Medications Included Within Class Review

Generic Name (Trade name)

Medication Class

| Generic Availability

Single Entity Agents

Suboxone®’, Zubsolv® )

opioid antagonist

Buprenorphine Partial opioid agonist a
Naltrexone (ReVia®, Vivitrol®) Opioid antagonist -
Naloxone (Evzio®) Opioid antagonist a
Combination Product

Buprenorphme/naloxone (Bunavall Partial opioid agonist/ al

*Generic avallable in one dosage form or strengths.

1 Buprenorphine/naloxone 2/0.5 mg and 8/2 mg sublingual tablets only.

Indications

Table 2. Food and Drug Administration (FDA)-Approved Indications'®

Single Entity Combination
Indication : Buprenorphine/
Buprenorphine | Naltrexone Naloxone Fl)\laloxopne
Alcohol dependence a
Opioid dependence, treatment induction’ a* al
Opioid dependence, treatment N
maintenance’ a a
Opioid dependence® a’
Opioid dependence, prevention of relapse I
following opioid detoxification a
Opioid overdose” a

* According to the manufacturer, buprenorphine sublingual tablets are preferred for use only during induction of treatment for opioid
dependance, but can be used for maintenance treatment in patients who cannot tolerate the presence of naloxone.

1 As part of a complete treatment plan to include counseling and psychosocial support.
FAs part of a comprehensive plan of management that includes some measure to ensure the patient takes the medication.

§Indication is for ReVia® only.
|| Indiction is for Vivitrol® only.
flIndication is for Suboxone® only.

#As manifested by respiratory and/or central nervous system depression.
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Pharmacokinetics

The inter-patient variability in the sublmgual absorption of buprenorphine and naloxone is wide; however,
the variability within subjects is low.*” Pharmacokinetic parameters for the combination products are
similar to that observed for the individual components. The median time to peak plasma concentration of
naloxone injection is 0.25 hours.®*

Table 3. Pharmacokinetics'®

Generic Name Bioavailability Metabolism Protein Excretion Half-Life
(%) Binding (%) (%) (hours)
Buprenorphine Cytochrome P450 Urine:30
15 to 31 3A4 96 Feces 69 24 t0 42
Naloxone t Glucuronidation, N- L +
3 dealkylation, and 45t Pr|mar|_ly in 2 to 12 (oral)
. the urine 0.5t0 1.36 (|nj)
reduction
Naltrexone Not specified Primarily in "
51040 (>98% metabolized) 21 the urine 4(13)

*The half-life of parent molecule, naltrexone, is four hours; the half-life of the active metabolite 6-B-naltrexol is 13 hours.
1Sublingual and buccal formulations only; not reported for naloxone injection.
FHalf-life of naloxone auto-injector reported as 1.36 hours, half-life of other naloxone formulations reported as 0.5 to 1.35 hours.

Clinical Trials

The safety and efficacy of buprenorphine, buprenorphine/naloxone and naltrexone |n the treatment of
op|0|d dependence were demonstrated in several clinical trials outlined in Table 4."%°° FDA- approval of
Evzio® (naloxone injection) was based upon data from a bioavailability trial that compared Evzio®
(naloxone injection) to naloxone 0.4 mg given through a standard syringe. Additionally, an ease of use
study was conducted for Evzio® (naloxone injection).®

In the study in which approval of Evzio® (naloxone injection) was based upon, bioavailability of Evzio®
(naloxone injection) was compared to naloxone 0.4 mg given through a standard syringe in 30 healthy
subjects. Subjects were randomized to receive Evzio® (naloxone injection) or standard naloxone injection
on day one. On day two, the subjects received the opposite treatment in order to evaluate the
comparative bioavailability. The mean peak plasma concentration (C,,.x) for Evzio® (naloxone injection)
was 1,240 pg/mL, versus a C,,, of 1,070 pg/mL for standard naloxone injection. Median times to peak
plasma concentrations for Evzio® (naloxone injection) and standard naloxone injection were 0.25 hour
and 0.33 hour, respectively. The mean elimination half-life (T1,,) for Evzio® (naloxone injection) was 1.28
hours, versus a mean T4, of 1.36 hours for standard naloxone injection. The mean area under-the-curve
(AUC) for Evzio® (naloxone |néect|on) was 1,930 pgehr/mL, and the mean AUC for standard naloxone
injection was 1,980 pgehr/mL.

In addition to the bioavailability study, an ease of use study was conducted for Evzio® (naloxone injection)
in order to evaluate the ability of laypersons to administer a successful injection. The study evaluated the
ability of 20 English-speaking participants aged 12 to 19 years and 20 English-speaking participants aged
20 to 65 years to administer a S|mulated dose of Evzio® (naloxone injection). The participants were not
previously trained to use the Evzio® (naloxone injection) system, and relied upon the voice commands for
use instructions. Of the 40 participants, 36 participants (90%) were able to successfully deliver an
effective dose of naloxone from the Evzio® (naloxone injection) device. Of the four participants that failed
to deliver the dose, two did not press the base of injector firmly enough to activate the autoinjector. One
participant did not hold the autoinjector in place for a full second, and the other participant that failed to
deliver an effective naloxone dose used the Evzio® (naloxone injection) training unit, rather than the unit
with active medication. The average time to give the |nject|on was 64.0 seconds for the adult cohort and
57.6 seconds for the juvenile (12 to 29 years of age) cohort.®

Studies have shown that in adult patients with opioid dependence, the percentage of opioid negative
urine tests was significantly higher for both buprenorphine 16 mg daily and buprenorphine/naloxone 16/4
mg daily compared to placebo, while no significant difference was seen between the two active treatment

Page 3 of 47
Copyright 2016 « Review Completed on

02/29/2016



Therapeutic Class Review: Opioid Dependence Agents

groups.??' A smaller, randomized controlled trial (N=32) also showed no significant difference in

withdrawal symptoms between buprenorphine and buprenorphlne/naloxone

FDA-approval of buprenorphine buccal film (Bunavail®) and buprenorphine/naloxone tablet (Zubsolv®)
was via the 505(b)(2) pathway, which allows a manufacturer to compare a new product to a previously-
approved drug (or drugs) and utilize data from studies that were performed on the reference drug. These
medications have not been specifically studied in clinical trials evaluating their efficacy. Clinical and safety
data for these medlcatlons is based on previously approved buprenorphine or buprenorphine/naloxone
formulations.”

Several studies have compared the effectiveness of short-term detoxification to medium- or long-term
maintenance treatment with buprenorphine monotherapy or buprenorphine/naloxone. Three studies have
shown higher treatment retention rate or lower self-reported drug use with longer treatment duration
compared to detoxification; however, one of the studies (Woody et al) showed no significant difference in
the percentage of positive urine tests between the two treatment groups at 12 weeks. 225 A cost-
effectiveness analysis showed that compared to two-week detoxification, a 12-week outpatient treatment
program with buprenorphine/naloxone was associated with an incremental first-year direct medical cost of
$1,376 per quality-adjusted life year and had an 86% chance of being accepted as cost-effective for a
threshold of $100,000 per quality-adjusted life year

In a meta-analysis of 21 randomized controlled trials, buprenorphine at doses =216 mg/day was
demonstrated to be more likely to retain in treatment compared to doses <16 mg/day; however, no
significant d|fference was seen in the percentage of opioid positive urine tests between the high and low
dose groups ’ Studies that compared different dosing regimens of buprenorphine showed no dlfferences
in rate of treatment retention, percentage of urine tests positive for opioids or withdrawal symptoms

Buprenorphine has been compared to methadone in several clinical studies and reviewed in multiple
meta-analyses. Overall, studies have demonstrated that buprenorphlne -based therapy was as effective
as methadone in the management of opioid dependence.”” **'*® However, when low doses of
buprenorphlne were studied (<8 mg/day), high doses of methadone (>50 mg/day) proved to be more
efficacious.”® **

A meta-analysis of 1,158 participants in 13 randomized trials compared oral naltrexone maintenance
treatment to either placebo or non-medication. No difference was seen between the active and control
groups in sustained abstinence or most other primary outcomes. Considering only studies in which
patient’'s adherence were strictly enforced, there was a statistically significant difference in retentlon and
abstinence with naltrexone over non therapy (relative risk [RR], 2.93; 95% CI, 1.66 to 5. 18.%8

The efficacy and safety of Vivitrol® (naltrexone extended-release) for opioid dependence was evaluated in
a 24-week, placebo-controlled randomized control trial. The percentage of subjects achieving each
observed percentage of opioid-free weeks was greater in the naltrexone extended release group
compared to the placebo group. Complete abstinence (opioid-free at all weekly visits) was sustained by

23% of subjects in the placebo gsroup compared with 36% of subjects in the naltrexone extended release
group from Week 5 to Week 24.
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Table 4. Clinical Trials

: Sample Size
Study and Study Design and :
Drug Regimens Demographics aggrifi%c:]y Siel (PO REETIE
Mattick et al™ MA (24 RCTs) N=4,497 Primary: Primary:

Buprenorphine maintenance

therapy

Vs

methadone maintenance

therapy (17 studies) or

placebo (seven studies)

Patients with opioid
dependence

2 to 52 weeks

Treatment retention,
use of opioids, use
of other substances,
criminal activity and
mortality; physical
health, psychological
health and adverse
events

Secondary:
Not reported

Buprenorphine at low, medium and high doses was significantly more
effective than placebo in retaining patients in treatment but was not as
effective as methadone when delivered at adequate doses.

Flexible dose buprenorphine vs flexible dose methadone

Results from eight studies (N=1,068) showed lower retention rate with
buprenorphine compared to methadone (RR, 0.85; 95% ClI, 0.73 to 0.98).
No significant differences were seen in the percentage of opioid positive
urine tests (SMD, -0.12; 95% ClI, -0.26 to 0.02), self-reported opioid use
(SMD, -0.12; 95% CI, -0.31 to 0.07), cocaine use (SMD, 0.11; 95% ClI, -
0.03 to 0.25), benzodiazepine use (SMD, 0.11; 95% CI, -0.04 to 0.26) or
criminal activity (SMD, -0.14; 95% ClI, -0.41 to 0.14).

Low dose buprenorphine vs low dose methadone

Results from three studies (N=253) showed lower retention rate with
buprenorphine compared to methadone (RR, 0.67; 95% CI, 0.52 to 0.87).
No significant differences were seen in percentage of opioid positive urine
tests (SMD, -0.35; 95% ClI, -0.87 to 0.16), self-reported opioid use (SMD,
-0.29; 95% CI, -0.38 to 0.96) or cocaine use (SMD, 0.08; 95% Cl, -0.43 to
0.59).

Low dose buprenorphine vs medium dose methadone

Results from three studies (N=305) showed lower retention rate with
buprenorphine compared to methadone (RR, 0.67; 95% CI, 0.55 to 0.81).
More patients had opioid positive urine tests with buprenorphine
compared to methadone (SMD, 0.88; 95% CI, 0.33 to 1.42). One study
showed no significant difference in self-reported opioid use (SMD, -0.10;
95% Cl, -0.48 to 0.68) while a second study showed significantly fewer
reports with methadone. No significant difference was seen in cocaine
use (SMD, -0.08; 95% ClI, -0.60 to 0.44).

Medium dose buprenorphine vs low dose methadone
One study showed lower retention rate with buprenorphine compared to
methadone while three studies showed no statistically significant
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Study and
Drug Regimens

Study Design and
Demographics

Sample Size
and Study
Duration

End Points

Results

difference between the two groups. Pooled analysis on treatment
retention was not performed due to significant study heterogeneity. Fewer
patients had opioid positive urine tests with buprenorphine compared to
methadone (SMD, -0.23; 95% ClI, -0.45 to -0.01). No significant difference
was seen in cocaine use (SMD, 0.38; 95% Cl, -0.14 to 0.89).

Medium dose buprenorphine vs medium dose methadone

Two studies (N=312) showed lower retention rate with buprenorphine
compared to methadone while four studies (N=335) showed no
statistically significant difference between the two groups. Pooled analysis
on treatment retention was not performed due to significant study
heterogeneity. More patients had opioid positive urine tests with
buprenorphine compared to methadone (SMD, 0.27; 95% CI, 0.05 to
0.50). No significant difference was seen in self-reported opioid use
(SMD, -0.27; 95% CI, -0.90 to 0.35) or cocaine use (SMD, 0.22; 95% ClI, -
0.30 to 0.74).

Low dose buprenorphine vs placebo

Results from five studies (N=1,131) showed higher retention rate with
buprenorphine compared to placebo (RR, 1.50; 95% ClI, 1.19 to 1.88). No
significant differences were seen in percentage of opioid positive urine
tests (SMD, 0.10; 95% Cl, -0.80 to 1.01), cocaine use (SMD, 0.26; 95%
Cl, -0.10 to 0.62) or benzodiazepine use (SMD, 0.03; 95% ClI, -0.33 to
0.38).

Medium dose buprenorphine vs placebo

Results from four studies (N=887) showed higher retention rate with
buprenorphine compared to placebo (RR, 1.74; 95% CI, 1.06 to 2.87).
Fewer patients had opioid positive urine tests (SMD, -0.28; 95% ClI, -0.47
to -0.10) and benzodiazepine use (SMD, -0.81; 95% Cl, -1.27 to -0.36)
with buprenorphine compared to placebo. One study showed more
cocaine use with buprenorphine compared to placebo (SMD, 0.50; 95%
Cl, 0.05 to 0.94).

High dose buprenorphine vs placebo
Results from four studies (N=728) showed higher retention rate with
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: Sample Size
Study gnd Stcy De3|gn'and and Study End Points Results
Drug Regimens Demographics Duration
buprenorphine compared to placebo (RR, 1.74; 95% Cl, 1.02 to 2.96).
Fewer patients had opioid positive urine tests with buprenorphine
compared to placebo (SMD, -1.23; 95% Cl, -0.95 to -0.51). No significant
difference was seen in cocaine use (SMD, 0.08; 95% ClI, -0.20 to 0.36) or
benzodiazepine use (SMD, -0.25; 95% Cl, -0.52 to 0.02).
Secondary:
Not reported
Fudala et al”® MC, PC, RCT with Phase 1 Primary: Primary:
OL phase N=326 Efficacy measured The percentages of urine tests that were opioid-negative were 17.8% in
Phase 1 by percentage of the combined-treatment group and 20.7% in the buprenorphine group, as
Buprenorphine 16 mg daily Patients 18 to 59 Phase 2 urine samples compared to 5.8% in the placebo group (P<0.001 for both comparisons).
years of age who N=472 negative for opioids
VS met the DMS-IV and the patients’ For each of the four study weeks, the mean scores for opioid craving in
criteria for opioid 52 weeks self-reported craving | the combined-treatment and buprenorphine groups were significantly

buprenorphine/naloxone 16/4
mg daily

VS
placebo

Phase 2

Buprenorphine 8 to12 mg for
two days, then
buprenorphine/naloxone 24/6
mg daily

dependence and

who were seeking
opioid-substitution
pharmacotherapy

for opioids

Secondary:
Patients’ and
clinicians’
impressions of
overall status and
adverse events

lower than those in the placebo group (P<0.001 for both comparisons
each week).

Secondary:

Each week scores for patients’ and clinicians’ global impression were
significantly higher in both the combined treatment group and
buprenorphine alone group than those in the placebo group (P<0.001 for
both comparisons each week).

The overall rate of adverse events did not differ significantly among the
groups (78% in the combined treatment group, 85% in the buprenorphine
only group and 80% in the placebo group).

The only adverse events that showed a significant difference in
occurrences between treatment groups and placebo were withdrawal
syndrome, constipation and diarrhea. (P=0.008, P=0.03 and P=005
respectively), with the withdrawal syndrome and diarrhea occurring more
frequently in the placebo group and constipation occurring more
frequently in the treatment groups.
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: Sample Size
Study gnd Stcy De5|gn'and and Study End Points Results
Drug Regimens Demographics Duration
Daulouede et al”’ MC, OL, PRO, XO N=53 Primary: Primary:
Patient-rated global Daily mean VAS score for global satisfaction was similar between
Buprenorphine at patient’s Patients 218 years 5 days satisfaction with buprenorphine (6.83 to 7.04) and buprenorphine/naloxone (6.89 to 7.38;
current dosage SL of age who were study medication P=0.781).
receiving stable,
Vs maintenance Secondary: Secondary:
treatment with Well-being in the Daily mean VAS score for well-being in the past 24 hours were similar
buprenorphine/naloxone at buprenorphine 2 to past 24 hours, tablet | between buprenorphine (7.17) and buprenorphine/naloxone (6.33 to 7.04;
the same buprenorphine 16 mg/day for at taste, tablet size, SL | P=0.824).
dose SL least six months dissolution time,
patient preference Patients preferred buprenorphine/naloxone over buprenorphine with
and adverse events regard to tablet size (6.83 to 7.02 vs 5.29 to 5.76; P=0.151), tablet taste
(6.83 t0 6.98 vs 2.45 t0 2.74; P=0.57) and SL dissolution time (6.62 to
6.84 vs 3.73 to 3.92; P=0.751), though no statistical significance was
reached.
On day five, 54 and 31% of patients indicated preference to
buprenorphine/naloxone and buprenorphine, respectively. Fifteen percent
of patients indicated that they had no preference (P value not reported).
Seventy-one percent of patients also indicated that they would like to
continue treatment with buprenorphine/naloxone. Patients were more
likely to want to continue treatment with buprenorphine/naloxone if they
had a history of injecting buprenorphine.
Twenty-three adverse events were reported during study period. The
most commonly reported adverse events were fatigue, hyperhidrosis,
diarrhea and headache.
Strain et al” RCT N=34 Primary: Primary:
Change in COWS No significant differences were observed between buprenorphine and
Buprenorphine soluble film Patients 25 to 56 5 days scores buprenorphine/naloxone with respect to baseline COWS scores (9.1 and

16 mg SL daily
Vs

buprenorphine/naloxone
soluble film 16 mg SL daily

years of age with
opioid dependence

Secondary:
Pupillometry, VAS
and subjective
adjective rating
scales and adverse

10.1, respectively) and peak post-administration COWS scores (4.2 and
5.7, respectively). COWS scores improved significantly at one hour after
dose administration in both treatment groups compared to baseline (P
values not reported).

Secondary:
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events In both treatment groups, pupil diameter decreased, rating on good
effects were elevated, and ratings on bad effects and high feeling
remained relatively low after dose administration (data not reported).
The most common adverse events were those consistent with opioid
withdrawal. Four patients reported mild non-ulcerous irritation of oral
mucosa, and one patient with a history of hepatitis C had clinically
significant elevation of liver function tests.
Kakko et al*® PC, RCT N=40 Primary: Primary:
One-year retention One-year retention was significantly higher in the buprenorphine daily
Buprenorphine 16 mg SL Patients >20 years 1 year in treatment group compared to the taper/placebo group (RR, 58.7; 95% CI, 7.4 to
daily of age with opioid 467.4; P=0.001).
dependence who Secondary:
VS were seeking ASI Secondary:
admission for The buprenorphine daily group had a significant reduction in ASI scores
buprenorphine SL six-day medically-assisted over time from baseline (P<0.0001).
taper (8 mg for two days, 4 heroin withdrawal
mg for two days, 2 mg for two | and who had a
days) followed by placebo history of heroin
dependence (as
defined by the
DSM-IV criteria) for
at least one year
Woody et al** MC, RCT N=152 Primary: Primary:
Opioid-positive urine | General estimating equation models were used for longitudinal data
Buprenorphine/naloxone up Patients 14 to 21 12 weeks test results at weeks | analysis. When missing data were inputted as positive urine test results,

to 14 mg/day of
buprenorphine SL for two
weeks; dose taper ended by
day 14 (detoxification)

VS
buprenorphine/naloxone up

to 24 mg/day of
buprenorphine SL for 12

years of age who
met DSM-IV criteria
for opioid
dependence with
physiologic
features and who
sought outpatient
treatment

four, eight and 12

Secondary:
Treatment retention
rate, self-reported
use, injecting,
enrollment in
addiction treatment
outside of the study,
other drug use and

patients in the two-week group were more likely to provide opioid positive
urine tests than those in the 12-week group at weeks four (61 vs 26%;
OR, 7.05; 95% Cl, 2.87 to 17.29; P<0.001) and eight (54 vs 23%; OR,
5.07; 95% Cl, 2.02 to 12.79; P=0.001) but not at week 12 (51 vs 43%;
OR, 1.84; 95% ClI, 0.75 to 4.49; P=0.18).

Secondary:

At week 12, fewer patients in the two-week group were remained in the
study compared to the 12-week group (20.5 vs 70.0%; OR, 0.13; 95% ClI,
0.07 to 0.26; P<0.001). The most common reason for study drop-out was
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weeks; dose taper began at adverse events missing counseling sessions for at least two weeks.
week 9 and ended by week
12 More patients in the two-week group reported use of opioid (OR, 4.30;
95% Cl, 2.25 to 8.22; P<0.001), marijuana (OR, 6.15; 95% CI, 2.10 to
All patients received 12 18.01; P=0.001), cocaine (OR, 16.39; 95% CI, 3.07 to 87.47; P<0.001)
weeks of individual and and injection (OR, 3.54; 95% ClI, 1.27 to 9.87; P=0.01). Alcohol use was
group counseling. similar between the two groups (OR, 1.35; 95% Cl, 0.66 to 2.77; P=0.42).
Patients in the two-week group were also more likely to be receiving other
addiction treatments (OR, 13.09; 95% CI, 3.73 to 45.89; P<0.001).
The most commonly reported adverse events were headaches, nausea,
insomnia, stomachache, vomiting and anxiety in both groups.
Weiss et al”® MC, RCT Phase 1 Primary: Primary:
N=653 Percentage of In Phase 1, successful outcome was defined by self-reported opioid use
Phase 1 Patients 218 years patients achieving on no more than four days in a month, absence of two consecutive
Buprenorphine/naloxone of age who met 12 weeks successful outcome | opioid-positive urine test results, no additional substance use disorder
induction and two-week DSM-IV criteria for treatment and no more than one missing urine sample during the past 12
stabilization at 8 to 32 opioid dependence Phase 2 Secondary: weeks. Overall, 43 of 653 patients (6.6%) had successful outcome with
mg/day of buprenorphine, and who were N=360 Adverse events brief buprenorphine/naloxone treatment.
followed by two-week taper seeking treatment
and eight-week post 24 weeks In Phase 2, successful outcome was defined by abstinence from opioids

medication follow-up

Phase 2
buprenorphine/naloxone at 8
to 32 mg/day of
buprenorphine for 12 weeks
followed by four-week taper
and eight-week follow-up
(Phase 2)

Patients who did not have
successful outcome at week
12 proceeded to Phase 2.

during week 12 and at least two of the previous three weeks (during
weeks nine to 11). One hundred and seventy-seven of 360 patients
(49.2%) achieved successful outcome in the extended
buprenorphine/naloxone treatment. However, the success rate at week
24 dropped to 8.6% (P<0.001 compared to week 12).

No differences were seen between patients who received standard
medical management and those who received additional opioid
dependence counseling.

Secondary:

The most common adverse events were headache, constipation,
insomnia, nasopharyngitis and nausea. Twelve and 24 serious adverse
events were reported in Phase 1 and 2, respectively. Psychiatric
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All patients were randomized symptoms, particularly depression leading to hospitalization (N=5), were
to receive standard medical the most common serious adverse events, all of which occurred soon
management or standard after completion of treatment taper.
medical management plus
opioid dependence
counseling prior to entering
each study phase.
Polsky et al*® MC, RCT N=152 Primary: Primary:
Treatment cost, The cost of the 12-week outpatient treatment program was $1,514 higher
Buprenorphine/naloxone up Patients 15 to 21 12 weeks opioid-free years, in the 12-week group compared to the two-week group (P<0.001). The

to 14 mg/day of
buprenorphine SL for two
weeks; dose taper ended by
week 2 (detoxification)

VS

buprenorphine/naloxone up
to 24 mg/day of
buprenorphine SL for 12
weeks; dose taper began at
week 9 and ended by week
12

All patients received 12
weeks of individual and
group counseling.

years of age who
met DSM-IV criteria
for opioid
dependence with
physiologic
features and who
sought outpatient
treatment

QALY, one-year
direct medical cost
per QALY and one-
year direct medical
cost per opioid-free
years

Secondary:
Net social cost

point estimate for the incremental direct medical costs during the first year
was $83 higher with the 12-week treatment (P=0.97).

During the first year since the start of treatment, patients who received
12-weeks of treatment had an increase in opioid-free years by 0.27 year
(P<0.001) and an increase in QALY by 0.06 year (P=0.08) compared to
those who received two-week detoxification.

The incremental one-year direct medical cost per QALY was $1,376 for
the 12-week treatment program. The outpatient treatment program cost
per QALY was $25,049.

The incremental one-year direct medical cost per opioid-free year was
$308, and the outpatient treatment program cost per opioid-free year was
$5,610.

The acceptability curve suggested that the cost-effectiveness ratio of 12-
week treatment relative to two-week treatment has an 86% chance of
being accepted as cost-effective for a threshold of $100,000 per QALY.

Secondary:

During the first year, total net social cost, which included total direct
medical costs, were lower by $31,264 for the 12-week group compared to
the two-week group (P=0.2).

Page 11 of 47

Copyright 2016 « Review Completed on 02/29/2016




Therapeutic Class Review: Opioid Dependence Agents

: Sample Size
Study and Study Design and :
Drug Regimens Demographics aggrii%c:]y Siel (PO REETIE
Fareed et al”’ MA (21 RCTs) N=2,703 Primary: Primary:

Buprenorphine 216 mg/day
Vs

buprenorphine <16 mg/day

Patients with opioid
dependence who
were receiving
buprenorphine
maintenance

3 to 48 weeks

Treatment retention
rate and percentage
of urine drug
screens positive for
opioids or cocaine

Patients receiving the higher doses of buprenorphine had a higher
treatment retention rate compared to those receiving the lower doses
(69112 vs 51£14%; P=0.006).

The incidence of positive urine drug screen for opioids and cocaine was
similar between the higher and lower dose groups (41+16 vs 47+13%;

treatment Secondary: P=0.35, 44113 vs 491+20%; P=0.64, respectively).
Not reported
Secondary:
Not reported
Bickel et al”® DB, PC N=16 Primary: Primary:
Self-report measures | Overall, there were no statistically significant differences among the
Buprenorphine maintenance | Patients 218 years | Approximately | (i.e., VAS and different dosing schedules in any of the outcome measures, including
dose (range from 4 to 8 of age who were in 80 days adjective rating opioid agonist and withdrawal effects observed during the study (P values
mg/70 kg) SL every 24 hours | good health and scales) and observer | not reported).
met DSM-III criteria measures
VS for opioid Significant differences were observed in some of the measures (i.e.,
dependence and Secondary: percent identifications as placebo, percent identification as greater than
double maintenance dose SL | FDA qualification Not reported maintenance dose, ARCI subscales) when comparing the daily
every 48 hours criteria for maintenance dosing to those measures obtained 24, 48 and 72 hours
methadone following dosing schedules.
Vs treatment
Secondary:
triple maintenance dose SL Not reported
every 72 hours
Maintenance dose was
administered to patients for
13 consecutive days prior to
the initiation of the above
dosing schedules.
Petry et al”’ DB, PC, XO N=14 Primary: Primary:
Subjective opioid There were no statistically significant differences among the different
Buprenorphine maintenance | Patients 218 years | Approximately | agonist and dosing schedules in any of the outcome measures, including subjective
dose (ranged from 4 to 8 of age who were in 43 days withdrawal effects opioid agonist and withdrawal effects (P values not reported).
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mg/70 kg) SL every 24 hours | good health and
met DSM-III criteria Secondary: When patients received quadrupled doses, there were no significant
VS for opioid Not reported increases observed in opioid agonist effects compared to their usual
dependence and maintenance dose (P values not reported).
double maintenance dose SL | FDA qualification
every 48 hours criteria for Subjects did report some differences in withdrawal effects (i.e., VAS,
methadone ARCI subscales) as the time between buprenorphine doses increased,
VS treatment but the clinical significance of these differences may be limited.
triple maintenance dose SL Secondary:
every 72 hours Not reported
Vs
quadruple maintenance dose
SL every 96 hours
Patients were administered
10 days of their daily SL
maintenance dose to ensure
stabilization.
Schottenfeld et al™® DB, RCT N=92 Primary: Primary:
Retention, three There was no difference in percentage of patients who completed the 12
Buprenorphine 16 mg/70 kg Patients who met 12 weeks times per week urine | weeks of treatment between the daily and thrice-weekly groups (76.6 vs
SL daily FDA criteria for toxicology tests and | 71.1%; P value not reported). There was also no statistical difference
methadone weekly self-reported | observed between the two treatment groups in the average number of

Vs

buprenorphine 34 mg/70 kg
SL on Fridays and Sundays
and 44 mg/70 kg SL on
Tuesdays

There was a three-day
buprenorphine induction
phase prior to randomization.

maintenance, had a
urine toxicology
test positive for
opioids and met the
DMS-IV criteria for
opioid dependence

illicit drug use

Secondary:
Not reported

weeks in treatment (11.0+4.0 and 11.24£3.7 weeks, respectively; P=0.64).

A significant decline in the proportion of opioid-positive urine tests was
observed during the study (P<0.001), but there was no statistical
difference between the two treatment groups (57% in the daily group vs
58% in the thrice-weekly group; P=0.84).

A significant decline in the number of self-reported days per week of
heroin use was observed during the study (P<0.001), but there was no
statistical difference between the two treatment groups (1.30+0.23 in the
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daily group vs 1.7010.22 in the thrice-weekly group; P=0.27).
Secondary:
Not reported
Gibson et al”’ DB, MC, RCT N=405 Primary: Primary:
Effects of opioid There were 30 deaths in the follow-up period (16 in the buprenorphine
Buprenorphine (dosing not Patients 218 years 91 day maintenance group vs 14 in the methadone group). Each additional treatment episode
specified) of age who were treatment treatment on of methadone or buprenorphine treatment lasting longer than seven days
heroin-dependent period mortality rate reduced the risk of death on average by 28% (95% ClI, 7 to 44).
VS and lived within followed by a
commuting 10 year Secondary: Secondary:
methadone (dosing not distance of the longitudinal Difference between | There was no significant difference over the follow-up period in
specified) clinic follow-up two treatment percentage time exposure to opioid maintenance treatment episodes

groups in exposure
to opioid
maintenance
treatment episodes
greater than seven
and 14 days, causes
of death and effects
of race, level of
heroin dependence
and age on mortality
rate

greater than seven days between the buprenorphine and methadone
groups (P=0.52). The methadone group was significantly more likely to
spend greater percentage follow-up time in methadone treatment
episodes longer than 14 days (P<0.0001).The buprenorphine group was
also significantly more likely to spend longer time in buprenorphine
treatment episodes longer than 14 days (P<0.0001).

Drug overdose or related complications were the most common causes of
death in the 30 deceased participants (40% of the deaths).

Aboriginal or Torres Strait Islander patients had 5.32 times the risk of
death of non-Aboriginal or Torres Strait Islander participants (95% Cl,
1.89 to 14.95).

The risk of death among participants using more heroin at baseline during
follow-up was 12% lower (95% CI, 5 to 18; P value not reported) than less
frequent heroin users at baseline.

The risk of death during the follow-up period was 11% lower for older
patients (95% CI, 2 to 19) than younger participants who were
randomized to methadone.
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Farré et al* MA N=1,944 Primary: Primary:
(13 trials) Retention rate and High doses of methadone were more effective than low doses of
Buprenorphine 28 mg daily Patients seeking reduction of opioid methadone in the reduction of illicit opioid use (OR, 1.72; 95% CI, 1.26 to
(high dose treatment for opioid Variable use 2.36).
dependence duration
Vs Secondary: High doses of methadone were significantly more effective than low
Not reported doses of buprenorphine (<8 mg/day) for retention rates and illicit opioid
buprenorphine <8 mg daily use, but similar to high doses of buprenorphine (=8 mg/day).
(low dose)
Patients treated with levo-acetylmethadol had more risk of failure of
VS retention than those receiving high doses of methadone (OR, 1.92; 95%
Cl 1.32 to 2.78).
methadone 250 mg daily
(high dose) Secondary:
Not reported
Vs
methadone <50 mg daily (low
dose)
Vs
levo-acetylmethadol
Gowing et al*® MA (22 RCTs) N=1,736 Primary: Primary:
Intensity of Overall, buprenorphine and methadone appeared to be similarly effective
Buprenorphine Patients who were 51090 days | withdrawal, duration | in the management of opioid withdrawal. Buprenorphine was shown to be
withdrawing from of withdrawal more effective than clonidine in reducing withdrawal symptoms and
VS heroin and/or treatment, adverse retaining patients in withdrawal treatment. No significant differences in
methadone events and adverse events were found between buprenorphine and other treatments.

methadone (five studies), a,-
adrenergic agonists (12
studies) or different
buprenorphine-based
regimens (five studies)

completion of
treatment, number of
treatment following
completion of
withdrawal
intervention

Buprenorphine vs methadone
Studies comparing buprenorphine to methadone reported no significant
difference in withdrawal severity between the two groups.

Results from two studies showed that duration of withdrawal treatment
was 1.38 days shorter with buprenorphine than methadone, but this
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Secondary: difference did not reach statistical significance (95% ClI, -4.27 to 1.51;

Not reported

P=0.35).

Four studies showed no significant difference in completion of treatment
between buprenorphine and methadone (RR, 1.18; 95% CI, 0.93 to 1.49;
P=0.18).

Buprenorphine vs a,-adrenergic agonists

Intensity of withdrawal was significantly lower with buprenorphine
compared to clonidine in terms of both mean peak withdrawal score
(SMD, -0.45; 95% ClI, -0.64 to -0.25; P<0.001) and mean overall
withdrawal score (SMD, -0.59; 95% Cl, -0.79 to -0.39; P<0.001).

In four studies, duration of withdrawal treatment was significantly shorter
with buprenorphine by 0.92 day compared to clonidine (95% ClI, 0.57 to
1.27; P<0.001).

Completion of treatment was shown to be more likely with buprenorphine
compared to clonidine in eight studies (RR, 1.64; 95% ClI, 1.31 to 2.06;
P<0.001; NNT, 4).

Comparison of different rates of buprenorphine taper

Two studies showed no significant difference in withdrawal severity
between groups of different rates of buprenorphine dose reduction. One
study showed greater patient-rated severity with the rapid taper group but
no difference in observers’ assessment. Another study showed that
patients in the rapid taper group but not the gradual taper group reported
muscle aches and insomnia. A third study showed that peak withdrawal
occurred earlier with the rapid taper group.

Duration of treatment was shown to be shorter with the rapid taper group
than the gradual taper group (9 vs 28 days; P value not reported) but not
significantly different in the other study (9.5+1.8 vs 9.8+0.9 days; P>0.05).

Data were conflicting on the completion of treatment.
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Secondary:
Not reported
Johnson et al** DB, PG, RCT N=162 Primary: Primary:
Retention time in During the maintenance phase, the retention rates were significantly
Buprenorphine 8 mg daily Adults seeking 17-week treatment, urine greater for buprenorphine (42%) than for methadone 20 mg/day (20%;
treatment for opioid maintenance | samples negative for | P<0.04).
VS dependence phase, opioids, and failure
followed by a | to maintain During the maintenance phase, the percentage of urine samples negative
methadone 60 mg daily 8-week abstinence for opioids was significantly greater for buprenorphine (53%; P<0.001)
detoxification and methadone 60 mg/day (44%; P<0.04), than for methadone 20
VS phase Secondary: mg/day (29%).
Not reported
methadone 20 mg daily Failure to maintain abstinence during the maintenance phase was
significantly greater for methadone 20 mg/day, than for buprenorphine
(P<0.03).
During the detoxification phase, there were no differences between the
treatment groups with regards to urine samples negative for opioids.
During the 25 week study period, retention rates for buprenorphine (30%;
P<0.01) and methadone 60 mg/day (20%; P<0.05) were significantly
greater than for methadone 20 mg/day (6%).
All treatments were well tolerated, with similar profiles of self-reported
adverse effects.
The percentages of patients who received counseling did not differ
between groups.
Secondary:
Not reported
Kamien et al*® DB, DD, RCT N=268 Primary: Primary:
Amount of opioid The percentage of opioid-free urine samples over time did not differ
Buprenorphine/ naloxone 8 Patients 218 years 17 weeks abstinence achieved | significantly among drug groups (P=0.81) or among drug doses (P=0.46).

mg/2 mg daily

of age who met
criteria for opioid

over time

Secondary:
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Vs dependence and Secondary: The proportion of patients who had at least 12 consecutive opioid-
who were using Proportion of negative urine samples were as follows: 10% (buprenorphine/naloxone 8
buprenorphine/ naloxone 16 | heroin or patients who mg/2 mg) 17% (buprenorphine/naloxone 16 mg/4 mg), 12% (methadone
mg/4 mg daily prescription opioids achieved 12 45 mg), and 16% (methadone 90 mg). The percentage of patients with at
or receiving consecutive opioid- least 12 consecutive opioid-negative urine samples differed by dose (8 vs
VS methadone negative samples, 16 mg buprenorphine/naloxone; P<0.001, 45 vs 90 mg methadone;
maintenance proportion of P=0.02), but not by drug (8 mg buprenorphine/naloxone vs 45 mg
methadone 45 to 90 mg daily | treatment patients with methadone; P=0.18, 16 mg buprenorphine/naloxone vs 90 mg
successful methadone; P=0.22). Those receiving higher doses of methadone or
inductions, buprenorphine/naloxone were more likely to have at least 12 consecutive
medication opioid-negative urine samples than those receiving lower doses.
compliance, non-
opioid illicit drug use, | Successful inductions occurred in 80.5, 81.0, 82.7 and 82.9% of the
and treatment patients receiving buprenorphine/naloxone 8 mg/2 mg,
retention buprenorphine/naloxone 16 mg/4 mg, methadone 45 and 90 mg,
respectively. There were no significant differences among the treatment
groups (P=0.22 to P=0.98).
Medication compliance did not differ significantly among the treatment
groups (P=0.41).
Non-opioid drug use did not change significantly over time, nor did it differ
significantly across groups (P=0.32 to P=0.83).
Treatment retention did not differ significantly in the low dose groups
(P=0.09) or in the high dose groups (P=0.28).
Meader et al*® MA (23 RCTs) N=2,112 Primary: Primary:
Completion of Buprenorphine had the highest probability (85.00%) of being the most
Buprenorphine Patients with opioid 310 30 days | treatment effective treatment for opioid detoxification, followed by methadone
dependence who (12.10%), lofexidine (2.60%) and clonidine (0.01%). There was no
VS were undergoing Secondary: significant difference between buprenorphine and methadone (OR, 1.64;

methadone (three studies),
clonidine (eight studies) or

lofexidine* (one study)

opioid detoxification

Not reported

95% Cl, 0.68 to 3.79).

Based on the mixed treatment comparisons, buprenorphine was more
effective than clonidine (OR, 3.95; 95% ClI, 2.01 to 7.46) and lofexidine
(OR, 2.64; 95% CI, 0.90 to 7.50), though the latter comparison did not
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In addition, studies involving reach statistical significance.
the following comparisons
were included: methadone vs Methadone was more effective than clonidine (OR, 2.42; 95% CI, 1.07 to
clonidine (five studies), 5.37) and lofexidine (OR, 1.62; 95% CI, 0.58 to 4.57), though the latter
methadone vs lofexidine* comparison did not reach statistical significance.
(two studies) and clonidine vs
lofexidine™ (four studies) Secondary:
Not reported
Petitijean et al’” DB, RCT N=58 Primary: Primary:
Treatment retention | The retention rate was significantly better in the methadone group than in
Buprenorphine sublingual Patients seeking 6 weeks rate, urine samples the buprenorphine group (90 vs 56%, respectively; P<0.001).
tablets (flexible dosing treatment for opioid positive for opiates,
schedule) dependence substance use There were similar proportions of opioid positive urine samples in both
treatment groups (buprenorphine, 62%; methadone, 59%) and positive
VS Secondary: urine specimens, as well as mean heroin craving scores decreased
Not reported significantly over time (P=0.035 and P<0.001).
methadone (flexible dosing
schedule) The proportion of cocaine-positive toxicology results did not differ
between groups.
At week six, the mean stabilization doses were 10.5 mg/day for
buprenorphine and 69.8 mg/day for methadone.
Secondary:
Not reported
Soyka et al*® RCT N=140 Primary: Primary:
Retention rate; There was an overall retention rate of 52.1%. There was no significant
Buprenorphine (mean daily Opioid-dependent 6 months substance use; difference between buprenorphine-treated patients and methadone-

dose 9 to 12 mg)
Vs

methadone (mean daily dose
44 to 50 mg)

patients who had
been without opioid
substitution therapy

predictors of
outcome

Secondary:
Not reported

treated patients (55.3 vs 48.4%).

Substance use decreased significantly over time in both groups and was
non-significantly lower in the buprenorphine group.

Predictors of outcome were length of continuous opioid use and age at
onset of opioid use (significant in the buprenorphine group only). Mean
dosage and other parameters were not significant predictors of outcome.
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The intensity of withdrawal symptoms showed the strongest correlation
with drop-out.
Secondary:
Not reported
Ling et al* DB, RCT N=225 Primary: Primary:
Urine toxicology, Patients receiving high-dose methadone maintenance therapy performed
Buprenorphine 8 mg daily Patients seeking 1 year retention, craving, significantly better on measures of retention, opioid use, and opioid
treatment for opioid and withdrawal craving than either the low-dose methadone group or the buprenorphine
VS dependence symptoms group.
methadone 30 mg daily Secondary: Performance on measures of retention, opioid use, and opioid craving
Not reported were not significantly different between the low-dose methadone group
Vs and the buprenorphine group.
methadone 80 mg daily Secondary:
Not reported
Schottenfeld et al*’ DB, RCT N=116 Primary: Primary:
Retention in There were significant effects of maintenance treatment on rates of illicit
Buprenorphine 4 mg daily Patients seeking 24 weeks treatment and illicit opioid use, but no significant differences in treatment retention or the
treatment for opioid opioid and cocaine rates of cocaine use.
VS dependence use
The rates of opioid-positive toxicology tests were lowest for treatment with
buprenorphine 12 mg daily Secondary: 65 mg of methadone (45%), followed by 12 mg of buprenorphine (58%),
Not reported 20 mg of methadone (72%), and 4 mg of buprenorphine (77%), with
VS significant contrasts found between 65 mg of methadone and both lower-
dose treatments and between 12 mg of buprenorphine and both lower-
methadone 20 mg daily dose treatments.
VS Secondary:
Not reported
methadone 65 mg daily
Ling et al*’ DB, MC N=736 Primary: Primary:
Safety and efficacy Fifty-one percent of the patients completed the 16 week study.
Buprenorphine 1, 4, 8 or 16 Patients with a 16 weeks as measured by

mg/day dissolved in 30%

mean age of 36

retention in

Completion rates varied by dosage group as follows: 40% for the 1 mg
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ethyl alcohol who met the DSM- treatment, illicit group, 51% for the 4 mg group, 52% for the 8 mg group and 61% for the
Il criteria for opioid opioid use and 16 mg group.
dependence and opioid craving
had used opioids The 16 mg group had significantly more patients with 13 consecutive
daily during the Secondary: negative urines than both the 1 mg group (P<0.001) and the 4 mg group
previous six Not reported (P<0.006).
months
Significantly higher craving scores were observed for the 1 mg group
compared to the 8 mg group at week four (P<0.01), eight (P<0.01) and 12
(P=0.04), but not at week 16 (P=0.15).
Secondary:
Not reported
Lintzeris et al* oL N=18 Primary: Primary:
Severity of The mean expected withdrawal severity as measured by VAS was 28 at
Buprenorphine SL tablets Patients 218 years 8 days withdrawal intake. The mean experienced withdrawal severity was significantly lower

titrated to achieve
comfortable withdrawal at the
following total daily dose
range: 4to 8 mgonday 1,0
to 16 mg on days 2 to 4, 0 to
8 mgonday 5 and 0 mgon
days6to 8

of age with opioid
dependent and an
opioid positive
urine screen on
assessment

experience as
measured by VAS

Secondary:
Measure of patient
satisfaction with
buprenorphine
treatment,
satisfaction with
dosing regimen by
Likert scale, drug
use during the
withdrawal episode,
positive urine drug
screen and adverse
events

compared to baseline (16£12; 95% ClI, -26 to -2; P<0.05).

Secondary:

When asked to identify positive and negative aspects of treatment, 79%
of patients reported no, minimal or mild withdrawal symptoms; 57% of
patients reported feeling normal and being able to perform daily activities;
36% of patients reported reduced or no cravings for heroin use; 29% of
patients reported being psychologically comfortable during withdrawal;
7% of patients reported dissatisfaction with inconvenience of daily dosing;
7% of patients reported that the dosing interval was too short; 7% of
patients identified sleep disturbance; 57% of patients reported side effects
and 36% did not report any negative aspects of treatment.

The maijority of patients rated the adequacy of their doses as “about right”
on the Likert scale (11 of 14 patients). Three subjects rated their doses as
“too low” (P value not reported).

Over the eight days of treatment, five patients (28%) reported no drug
use, five patients (28%) reported drug use on one day, two patients (11%)
reported drug use on two days, three patients (17%) reported drug use on
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Results

three or more days, and data was unavailable for the remaining three
patients (P values not reported).

On day five, nine patients (50% of total sample and 60% of patients in
treatment) had a negative urine screen for opioids. Five patients had
positive urine test results while results for one patient were missing.

On days seven and eight, there were an equal number of patients with
positive and negative opioid urine screens (four patients, 22% of the
sample, 29% of patients in treatment). Four patients were no longer in
treatment, and six reported heroin use (P values not reported).

Sixteen patients reported adverse events. The most common were
headache (50%), sedation (28%), nausea, constipation and anxiety
(21%).

Kornor et al*

Buprenorphine flexible daily
dosing to a maximum dose of

16 mg daily

oL

Patients 222 years
of age with opioid
dependence who
were willing to
enroll in a nine-
month
buprenorphine
program

N=75

9 months

Primary:

Self reported opioid
abstinence in
program completers
and non-completers

Secondary:
Difference in number
of days within 30
days prior to follow
up interview in which
the following
occurred: heavy
drinking, street
opioid use, sedative,
amphetamine,
cannabis,
polysubstance and
intravenous use,
employment, illegal
activities, psychiatric

Primary:

More program completers compared to non-completers reported
abstinence from opioids during the 30 days prior to the follow-up, a
difference that was not significant (7 vs 2; P=0.16).

Secondary:

Completers were employed for a higher number of days than non-
completers at follow up (9 vs 2 days, respectively; P=0.012). There were
no statistically significant differences between the two groups with regard
to other psychosocial variables and substance use (P values not
reported).

At follow-up, 37 patients received agonist replacement therapy in the past
30 days while 31 patients did not. There was a higher rate of abstinence
from street opioids in the patients who received agonist therapy (24 of 37)
compared to those who did not (9 of 31; P=0.003).

Patients who received agonist therapy within 30 days prior to follow-up

had spent fewer days using street opioids (P<0.001), using two or more
substances (P<0.038), injecting substances (P<0.007) and engaging in
illegal activities (P<0.001) compared to those who did not. Patients who
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problems and received agonist therapy had also been employed for a higher number of
medical problems days (P=0.046). There was no difference between the two groups in
health problems, heavy drinking and use of sedatives, amphetamine and
cannabis (P values not reported).
Fareed et al** oS N=77 Primary: Primary:
Treatment retention | Treatment drop-out rate was similar between the high- and moderate-
Buprenorphine >16 mg/day Patients with opioid =1 month rate and percentage | dose groups (37.5 vs 43.0%; P=0.67).
(mean dose, 27.5+4.8 mQ) dependence who of urine drug
were receiving screens positive for | The percentage of the first four urine drug screens that were positive for
VS buprenorphine opioids or cocaine opioids was higher in the high-dose group compared to the moderate-
maintenance dose group (45, 14, 9 and 5 vs 29, 5, 10 and 5%, respectively;
buprenorphine <16 mg/day treatment Secondary: P<0.00001). No significant differences were seen between the two
(mean dose, 11.5+4.8 mg) Not reported groups in the percentage of the first four urine drug screens positive for
cocaine (P=0.74) or the last four urine drug screens positive for opioids or
cocaine (P=0.21 and P=0.47, respectively).
Secondary:
Not reported
Assadi et al™ DB, PG, RCT N=40 Primary: Primary:
Days of retention in There were no significant differences among the treatment protocols in
Experimental protocol: Patients 18 to 60 10 days treatment and rates | the average number of days the patients stayed in the study

Buprenorphine 12 mg IM in
24 hours

\'E

Conventional protocol:
buprenorphine taper IM over
five days (3 mg for two days,
2.7 mg for one day, 1.2 mg
for one day and 0.6 mg for 1
day)

Authors reported that
buprenorphine SL is two
thirds as potent as IM, so 32

years of age who
met the DSM-IV

criteria for opioid
dependence

of successful
detoxification

Secondary:
SOWS and OOWS

(experimental group, 9.5+1.8 days vs the conventional group, 9.8+0.9
days; P=0.52).

There were no significant differences in the rates of successful
detoxification among the treatment protocols; 18 patients (90%) in each
group were detoxified successfully (P value not reported).

Secondary:

There was no significant difference demonstrated in mean overall SOWS
scores between the two treatment protocols (experimental group, 9.0+6.6
vs the conventional group, 9.3+5.2; P=0.86).

There were no significant differences found between the treatment
protocols with regard to OOWS scores of the main effect of treatment
(P=0.81), main effect of time (P=0.60) or treatment-time interactions
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mg SL is equivalent to 18 mg (P=0.56).
IM.
Minozzi et al*® SR (2 RCTs) N=190 Primary: Primary:

Buprenorphine
VS
buprenorphine-based

treatment (one study) or
clonidine (one study)

Patients 13 to 18
years of age with
opioid dependence

2 to 12 weeks

Drop-out rate,
opioid-positive urine
test results or self-
reported drug use,
tolerability and rate
of relapse

Secondary:
Enrollment in other
treatment, use of
other substances of
abuse, overdose,
criminal activity and
social functioning

The authors stated that more clinical trials, especially ones involving
methadone, were needed to draw a conclusion in the detoxification
treatment for opioid dependent adolescents.

Buprenorphine vs clonidine

There were no significant differences between buprenorphine and
clonidine in drop-out rate (RR, 0.45; 95% CI, 0.20 to 1.04) or duration and
severity of withdrawal symptoms (WMD, 3.97; 95% ClI, -1.38 to 9.32).

Buprenorphine/naloxone detoxification (two weeks) vs maintenance
treatment (12 weeks)

Drop-out rate and relapse rate were significantly higher with detoxification
compared to maintenance treatment (RR, 2.67; 95% ClI, 1.85 to 3.86; RR,
1.36; 95% CI, 1.05 to 1.76, respectively). No significant differences were
seen in opioid positive urine test results (RR, 1.03; 95% ClI, 0.82 to 1.28).
Self-reported drug use was higher with detoxification compared to
maintenance treatment (RR, 1.36; 95% CI, 1.05 to 1.76).

Secondary:

Buprenorphine vs clonidine

Patients receiving buprenorphine were more likely to receive
psychosocial or naltrexone treatment (RR, 11.00; 95% CI, 1.58 to 76.55).

Buprenorphine/naloxone detoxification (two weeks) vs maintenance
treatment (12 weeks)

Self-reported alcohol and marijuana use were similar between the two
groups (RR, 1.13; 95% CI, 0.63 to 2.02; RR, 1.58; 95% CI, 0.83 to 3.00,
respectively). More patients in the detoxification group reported use of
cocaine (RR, 8.54; 95% ClI, 1.11 to 65.75).

Amass et al*’

Buprenorphine/naloxone SL
tablets for a total of 4/1 mg

DB, MC, OL, RCT

Patients 215 years
of age with opioid

N=234

13 days

Primary:
Treatment
compliance and
retention

Primary:

Of the 234 patients on buprenorphine/naloxone, all of the patients took
the first dose, and most patients received the second dose on day one
(82.9%), the doses on days two and three (90.1%) and the majority of
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on day 1 followed by another | dependence who doses over the entire treatment course (10.5+3.8 of the 13 possible

4/1 mg on day 1 unless the were experiencing Secondary: doses; 80.7%). Sixty-eight percent of patients completed the entire

patient displayed agonist withdrawal Ancillary detoxification program (P values not reported).

effects; escalated to 16/4 mg | symptoms and who medications

on day 3 and tapered by 2 requested medical administration rate Secondary:

mg buprenorphine/day to treatment for the and adverse effects | The majority of patients (80.3%) were treated with ancillary medications

2/0.5 mg by day 13 symptoms for an average of 2.3 withdrawal medications. The most commonly
treated symptoms were insomnia (61.5%), anxiety and restlessness
(52.1%) and bone pain and arthralgias (53.8%).
Sixty-one percent of adverse events were expected events associated
with drug relapse; however, the specific adverse events were not
reported.

Correia et al® DB, RCT N=8 Primary: Primary:

Opioid blockade and | Although substantial, all three buprenorphine doses provided incomplete
Buprenorphine/naloxone 8/2 | Patients with active 11 weeks withdrawal effects blockade against opioid agonist effects for 98 hours based on the number

mg SL daily
Vs

buprenorphine/naloxone 16
mg/4 mg SL daily

VS

buprenorphine/naloxone 32/8
mg SL daily

After two weeks on each
maintenance dose,
participants underwent
challenge sessions
consisting of IM
hydromorphone.

opioid dependence
as confirmed
through self-report,
urinalysis and
observation and
who met DSM-IV
criteria of current
opioid (heroin)
dependence

Secondary:
Not reported

of subjective (i.e., drug effects) and physiologic (i.e., blood pressure,
heart rate) effects measured (P values for most measures were >0.05
with the exception of pupil diameter and oxygen saturation). The 32/8 mg
dose produced less constricted pupils compared to the 8/2 mg dose
(P<0.05).

The 8/2 mg dose produced lower oxygen saturation as compared to the
16/4 mg dose (P<0.05).

There were no significant differences regarding symptoms of withdrawal
among the study doses (P>0.05).

As time since the last dose increased, so did the number of mild effects
reported (P value not reported).

Secondary:
Not reported
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Maremmani et al® oL N=213 Primary: Primary:
Opioid use, There were significant improvements in opioid use, psychiatric status, and
Buprenorphine Patients involved in 12 months psychiatric status, quality of life between the 3rd and 12th months for buprenorphine-treated
a long-term quality of life and methadone-treated patients.
Vs treatment program
with buprenorphine Secondary: Secondary:
methadone or methadone Not reported Not reported
Jones et al™ DB, DD, MC, RCT N=175 Primary: Primary:
Neonates requiring Percentage neonates requiring neonate abstinence syndrome treatment,
Buprenorphine Opioid-dependent =210 days neonate abstinence | peak neonate abstinence syndrome scores, or head circumference did
2 to 32 mg per day women 18 to 41 syndrome therapy, not differ significantly between groups.
years of age with a total morphine
VS singleton needed, length of Neonates exposed to buprenorphine required an average 89% less
pregnancy between hospital stay, and morphine (1.1 and 10.4 mg; P<0.0091) than did neonates exposed to
methadone 6 and 30 weeks head circumference | morphine.
20 to 140 mg per day
Secondary: Neonates exposed to buprenorphine required an average 43% less time
Not reported in hospital (10.0 vs 17.5 days; P<0.0091).
The methadone group had higher rates of nonserious maternal events
overall (P=0.003) and of nonserious cardiac events in particular (P=0.01).
No differences in serious adverse events were detected in mothers or
nonserious adverse events in neonates.
Secondary:
Not reported
Pinto et al®' 0S, PRO N=361 Primary: Primary:
Retention in A total of 63% of patients chose methadone and 37% chose
Buprenorphine Cohort of opioid- 6 months treatment at six buprenorphine. At six months, 50% of buprenorphine patients compared
dependent patients months or to 70% of methadone patients had favorable outcomes (OR, 0.43; 95%
Vs new to substitution successful Cl, 0.20 to 0.59; P<0.001).
therapy detoxification based
methadone on patient selected Methadone patients were more likely to remain on therapy than those on

substitution therapy

Secondary:

buprenorphine (HR, 2.08; 95% ClI, 1.49 to 2.94). Retention was the
primary factor in favorable outcomes at six months.
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Not reported Buprenorphine patients were more likely to not use illicit opiates (OR,
2.13; 95% CI, 1.509 to 3.027; P<0.001) and to achieve detoxification.
A total of 28% of patients selecting buprenorphine reported they would
not have accessed treatment with methadone therapy.
Secondary:
Not reported
Fiellin et al* oS N=166 Primary: Primary:
Retention in During the follow-up period, 40 patients left treatment.
Buprenorphine/naloxone Patients meeting 2 to 5 years treatment;
criteria for opioid percentage of A total of 91% of urine specimens had no evidence of illicit opioids.
dependence opioid-negative urine
specimens Secondary:
Overall, 96% had no evidence of cocaine; 98% of tested urines had no
Secondary: evidence of benzodiazepines; 99% of tested urines had no evidence of
Percentage of methadone.
cocaine-negative
urine specimens; The mean dose of buprenorphine/naloxone was 17 mg.
buprenorphine dose;
patient The mean score on the patient satisfaction instruments was 86 out of a
satisfaction; serum possible 95.
transaminases;
adverse events No patients developed elevations in their aspartate aminotransferase or
alanine aminotransferase values that required changes in
buprenorphine/naloxone dose or discontinuation.
No serious adverse events directly related to buprenorphine/naloxone
treatment occurred over the two to five-year follow-up period.
Kakko et al™ RCT N=96 Primary: Primary:
Retention in The 6-month retention was 78% with buprenorphine/naloxone stepped
Buprenorphine/naloxone Patients >20 years 24-day treatment treatment and methadone maintenance therapy being virtually identical
(stepped treatment) of age with heroin induction (adjusted OR, 1.02; 95% Cl, 0.65 to 1.60).
dependence for >1 phase, Secondary:
VS year followed by a | Completer analyses | The proportion of urine samples free of illicit opiates over time increased
6 month of problem severity and ultimately reached approximately 80% in both arms at the end of the
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methadone follow-up (Addiction Severity study (P=0.00003). No difference between the two groups was found
(maintenance treatment) phase Index); proportion of | (P=0.87).
urine samples free of
illicit drugs Secondary:
Problem severity as measured by the Addiction Severity Index decreased
over time (P<0.000001). No difference between the treatment arms was
found (P=0.90).
Strain et al™ DB, DD, RCT N=164 Primary: Primary:
Treatment retention Buprenorphine (mean dose ~9 mg/day) and methadone (mean dose 54
Buprenorphine SL tablets Patients seeking 26 weeks rate, medication and | mg/day) were equally effective in sustaining retention in treatment,
(flexible dosing schedule) treatment for opioid counseling compliance with medication, and counseling regimens.
dependence compliance, urine
VS samples positive for | In both groups, 56% of patients remained in the treatment program
opiates through the 16-week flexible dosing period.
methadone (flexible dosing
schedule) Secondary: Opioid-positive urine sample rates were 55 and 47% for buprenorphine
Not reported and methadone groups, respectively. Cocaine-positive urine sample rates
were 70 and 58%, respectively.
Secondary:
Not reported
Cornish et al® MC, OS, PRO N=5,577 Primary: Primary:
All cause mortality Three percent of patients died while receiving treatment, or within a year
Buprenorphine Opioid dependent 585 days of receiving the last prescription. Of these, 35% died while on treatment.

\'E

methadone

patients <60 years
of age

Secondary:
Duration of therapy
effect on mortality

Overall, the risk of death during opiate substitution treatment was lower
than the risk of death while off treatment. Crude mortality rates off therapy
nearly doubled (1.3 vs 0.7 per 100-person years). Standardized mortality
rates were 5.3 (95% Cl, 4.0 to 6.8) on treatment vs 10.9 (95% CI, 9.0
to13.1). After adjustment for age, sex, calendar period, and comorbidity,
the mortality rate ratio was 2.3 (95% ClI, 1.7 to 3.1).

The risk of death increased 8 to 9-fold in the month immediately after the
end of opiate substitution therapy, which did not vary according to
medication, dosing within standard thresholds, or planned cessation.
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There was no difference in the overall mortality rate between patients who
received methadone and those who received buprenorphine.
Secondary:
Substitution therapy has a greater than 85% chance of reducing overall
mortality when average duration of treatment is at least 12 months.
Strain et al® DB, DD, PC N=7 Primary: Primary:
Peak drug effect; Dose-related increases in ratings of Drug Effects, High, Good Effects, and
Buprenorphine 4 mg to 16 Adults with active physiologic and Liking were seen for hydromorphone, for buprenorphine, and for the
mg per day opioid abuse, psychomotor combination of buprenorphine/naloxone. The predominant effects were
but not physically measures seen with the highest doses tested (hydromorphone 4 mg,
VS dependent buprenorphine/naloxone 8/2 and 16/4 mg, and buprenorphine 8 and 16
Secondary: mg). None of the treatments produced significant changes in ratings of

buprenorphine/naloxone SL
tablets 1/0.25, 2/0.5, 4/1, 8/2,
16/4 mg per day

Vs

hydromorphone 2 and 4 mg
intramuscular

VS

placebo

Not reported

Bad Effects or Sick.

For ratings of Drug Effects, only the two higher doses of buprenorphine
alone (8 and 16 mg) produced significantly increased ratings compared to
placebo (P<0.05 and P<0.01, respectively).

The combination dose of 8-2 mg and 16-4 produced ratings of drug
effects that were lower than those produced by the buprenorphine dose of
8 mg. The differences between buprenorphine alone and
buprenorphine/naloxone doses were not statistically significant for these
or any other measures.

None of the treatments produced significant changes on measures of
blood pressure, heart rate, or respiratory rate.

There were no significant differences in psychomotor effects among the
treatments.

Secondary:
Not reported
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Bell et al*’ RCT N=119 Primary: Primary:
Retention in At three months, 57% randomized to unobserved treatment, and 61%
Buprenorphine/naloxone Heroin users 3 months treatment and heroin | randomized to observed treatment were retained in the heroin treatment
seeking use at three months | program (P=0.84).
maintenance
treatment Secondary: On an intention-to-treat analysis, reductions in days of heroin use in the
Not reported preceding month, from baseline to three months, did not differ
significantly; 18.5 days (95% ClI, 21.8 to 15.3) and 22 days (95% CI, 24.3
to 19.7), respectively (P=0.13).
Secondary:
Not reported
Minozzi et al®® MA (13 RCTs) N=1,158 Primary: Primary:
Retention in Naltrexone maintenance therapy was not statistically different for all the
Naltrexone maintenance Patients with a varies treatment, use of the | primary outcomes considered when compared to no pharmacological
treatment diagnosis of opioid primary substance of | treatment. Considering only studies in which patient’s adherence were
dependence abuse, side effects strictly enforced, there was a statistically significant difference in retention
VS and/or and abstinence with naltrexone over non therapy (RR, 2.93; 95% CI, 1.66
to 5.18).
placebo maintenance Secondary:
treatment Re-incarcerations There was no statically significant difference in the two outcomes
considered between naltrexone and psychotherapy (one study).
or
Naltrexone was not superior to benzodiazepines and to buprenorphine for
no pharmacologic treatment retention and abstinence and side effects (one study).
or
Secondary:
psychotherapy There was a significant difference in re-incarceration between the
naltrexone maintenance group and no pharmacological treatment, RR
or 0.47 (95% CI, 0.26 to 0.84).
benzodiazepines
Krupitsky et al® DB, MC, PC, RCT N=250 Primary: Primary:
Response profile for | The median proportion of weeks of confirmed abstinence was 90.0%
Naltrexone extended-release | Patients 18 years 24 weeks confirmed (95% ClI, 69.9 to 92.4) in the naltrexone extended-release group
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injection once monthly

Vs

placebo

of age or older with
a diagnosis of
opioid dependence
disorder

abstinence during
weeks 5 to 24

Secondary:
Self-reported opioid-
free days, opioid
craving scores,
number of days of
retention, and
relapse to
physiological opioid
dependence

compared with 35.0% (11.4 to 63.8) in the placebo group (P=0.0002).

Secondary:

Patients in the naltrexone extended-release group self-reported a median
of 99.2% (range 89.1 to 99.4) opioid-free days compared with 60.4%
(46.2 to 94.0) for the placebo group (P=0.0004). The mean change in
craving was —10.1 (95% CI, —12.3 to —7.8) in the naltrexone extended-
release group compared with 0.7 (95% ClI, —3.1 to 4.4) in the placebo
group (P<0.0001). Median retention was over 168 days in the naltrexone
extended-release group compared with 96 days (95% Cl, 63 to 165) in
the placebo group (P=0.0042). Naloxone challenge confirmed relapse to
physiological opioid dependence in 17 patients in the placebo group
compared with one in the naltrexone extended-release group (P<0.0001).
Naltrexone extended-release was well tolerated. Two patients in each
group discontinued owing to adverse events. No naltrexone extended-
release-treated patients died, overdosed, or discontinued owing to severe
adverse events.

*Agent not available in the United States.

Drug regimen abbreviations: IM=intramuscular, SL=sublingual
Study abbreviations: Cl=confidence interval, DB=double-blind, DD=double dummy, HR=hazard ratio, MA=meta-analysis, MC=multi-center, NNT=number needed to treat, OL=open label, OR=odds
ratio, OS=observational study, PC=placebo-controlled, PG=parallel group, PRO=prospective, RCT=randomized controlled trial, RR=relative risk, SMD=standard mean difference, SR=systematic

review, WMD=weighted mean difference, XO=crossover
Miscellaneous abbreviations: ARCI=Addiction Research Center Inventory, ASI=addiction severity index, COWS=Clinical Opiate Withdrawal Scale, DSM=Diagnostic and Statistical Manual of Mental
Disorders, FDA=Food and Drug Administration, OOWS=0bjective Opiate Withdrawal Scale, QALY=quality-adjusted life year, SOWS=Subjective Opiate Withdrawal Scale, VAS=visual analog scale
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Table 5. Special Populations1'9

Population and Precaution
Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Pediatric Dysfunction Dysfunction Category Breast Milk
Single Entity Agents
Buprenorphine No difference is No dosage Hepatic dose C Yes (%
response was adjustment adjustment unknown).
identified between required. may be
elderly and younger required;
patients; use with effects of
caution in elderly hepatic
patients. impairment is
unknown; due
Safety and efficacy in to extensive
pediatric patients <16 metabolism,
years of age have plasma levels
not been established. are expected
to be higher
in patients
with
moderate and
severe
hepatic
impairment
Naltrexone Clinical trials for the Dose Dose C Yes (%
treatment of alcohol adjustment is adjustment is unknown).
dependence did not not required in not required
include significant patients with in patients
numbers of elderly mild renal with mild to
patients in order to impairment moderate
determine whether (creatinine hepatic
they respond clearance 50 to | impairment
differently than 80 mL/min). (Child-Pugh
younger subjects; no groups A and
elderly subjects were | Use in B).
included in clinical moderate or
trials for the severe renal Use in severe
treatment of opioid impairment or hepatic
dependence; use those on impairment
with caution in hemodialysis has not been
elderly patients. has not been evaluated.
evaluated; use
Safety and efficacy in | caution as the
pediatric patients <18 | primary mode of
years of age have excretion is via
not been established. | the urine.
Naloxone Reported clinical Not studied in Not studied in B Unknown.
experience has not renal hepatic
indicated differences | dysfunction. dysfunction.
in response to
naloxone; however,
clinical studies of
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Population and Precaution
Generic Name Elderly/ Renal Hepatic Pregnancy | Excreted in
Pediatric Dysfunction Dysfunction Category Breast Milk
naloxone have not
included sufficient
amounts of patients
aged 65 years and
older to determine
whether clinical
response in geriatric
patients is different
from younger
patients.
FDA-approved for
use in children <18
years of age.
Combination Product
Buprenorphine/naloxone | Clinical trials for the No dosage Hepatic dose C Yes (%

treatment of alcohol adjustment adjustment unknown).
dependence did not required for may be
include significant buprenorphine. | required;
numbers of elderly effects of
patients in order to Naloxone is not | hepatic
determine whether studied in renal | impairment is
they respond dysfunction. unknown; due
differently than to extensive
younger subijects; metabolism,
use with caution in plasma levels
elderly patients. are expected

to be higher
Safety and efficacy in in patients
children <16 years of with
age have not been moderate and
established. severe

hepatic

impairment

Adverse Drug Events

The adverse events of buprenorphine, buprenorphine/naloxone (tablets, film), naloxone and naltrexone are
summarized in Table 6. Adverse effects for naloxone have generally been voluntarily reported. As such, there is
no accurate method to provide their frequency, or to determine if naloxone can be implicated as a causative agent
for the events reported. Adverse reactions that have been reported in the post-operative setting are listed below.
Additionally, excessive doses of naloxone have been reported to cause agitation, nausea and vomiting.m'62
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Table 6. Adverse Drug Events'”’

Adverse Event (%)

Single Entity Agents

Combination Product

Buprenorphine

Naltrexone

Naloxone

Buprenorphine/
Naloxone
Tablet

Buprenorphine/
Naloxone Film

Body as a Whole

Agitation

Anxiety

>10%

Appetite loss

<10%

Asthenia

Attention disturbances

Chills

<10%

Coma

Death

VR

Delayed ejaculation

<10%

Energy decreased

>10%

Energy increased

<10%

Depression

<10%

Headache

>10%

Infection

Intoxication

Irritability

<10%

Pain

Pain, abdomen

>10%

Pain, back

Pain, joint

>10%

Pain, muscle

>10%

Thirst increased

<10%

Withdrawal syndrome

a

Cardiovascular System

Cardiac arrest

Hypertension

Hypotension

RIRI)

Palpitation

Vasodilation

Ventricular fibrillation

Ventricular tachycardia

R

Digestive System

Constipation

7.8

12.1

Diarrhea

4.9

3.7

Nausea

13.6

15

Vomiting

7.8

\"
1Y)
N
R

7.5

Local Administration Site

Glossodynia

Oral hypoesthesia

Oral mucosal
erythema

Nervous System

Blurry vision

Encephalopathy

Insomnia

Seizure
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Single Entity Agents Combination Product
Buprenorphine/ :
AR 2t () Buprenorphine | Naltrexone Naloxone Fl)\laloxopne Buprenorph!ne/
Naloxone Film
Tablet

Respiratory System
Dyspnea - - a - -
Rhinitis 9.7 - 4.7 -
Pulmonary edema - - a - -
Skin & Appendages
Skin rash - <10% - -
Sweating 12.6 - 14 a

aPercent not specified.
- Event not reported.

Contraindications

Table 7. Contraindications™™®

Single Entity Agents

Combination Product

ConfEneleaion Buprenorphine | Naltrexone | Naloxone Bu?\lrslr;?(gpnhéne/
Hypersensitivity to the active a
ingredient or to any component. a a a
Patients currently dependent on
opioids (physiologic), including
patients who are receiving a
maintenance therapy with opiate
agonists or partial agonists
Patients that has failed the
naloxone challenge test a
Patients that has a positive urine
drug screen for opioids a
Patients in acute opioid withdrawal a
Patients receiving opioid analgesics a

Warnings/Precautions

Table 8. Warnings and Precautions’™®

Warning or Precaution

Single Entity Agents

Combination Product

Buprenorphine

Naltrexone

Naloxone | Buprenorphine/Naloxone

Abdominal conditions, acute;
diagnosis or clinical course of acute
abdominal conditions may be
obscured with use.

a
(Vivitrol®)

Abuse potential; can be abused similar
to opioids, use precautions to minimize
risk of misuse, abuse or diversion; do
not prescribe multiple refills during
early treatment.

Alcohol withdrawal symptoms are not
eliminated or diminished with use.

a
(Vivitrol®)

Allergic reactions; bronchospasm,
angioneurotic edema, and aphylactic
shock has been associated with use.

Central nervous system depression;
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Warning or Precaution

Single Entity Agents

Combination Product

Buprenorphine | Naltrexone

Naloxone

Buprenorphine/Naloxone

concurrent use other central nervous
system depressants may exhibit
increased central nervous system
depression; consider dose reduction of
one or both in situations of
concomitant prescription.

Cerebrospinal fluid pressure elevated;
use caution in patients with head
injury, intracranial lesions or when
cerebrospinal pressure may be
elevated.

Dependence; chronic administration
produces physical dependence,
characterized by withdrawal upon
abrupt discontinuation or rapid taper.

Depression and suicide has been
reported when used for opioid
dependence.

Duration of action of most opioids is
likely to exceed that of naloxone
resulting in a return of respiratory
and/or central nervous system
depression after initial improvement.

Eosinophilic pneumonia has been
associated with use; consider when
processive dyspnea and hypoxemia
develop.

a
(Vivitrol®)

Hepatitis, hepatic events; cases of
cytolytic hepatitis with jaundice have
been reported; baseline and periodic
monitoring of liver function during
treatment is recommended.

Impairment of ability to drive or
operate machinery; use caution in
driving or operating hazardous
machinery until stabilized.

Injection site reactions (mild to very
severe); accidental subcutaneous
injection may increase the risk for
severe reactions.

a
(Vivitrol®)

Intracholedochal pressure increased;
use with caution with biliary tract
dysfunction.

Limited efficacy with reversal of
respiratory depression by partial
agonists or mixed agonist/antagonists
such as; reversal may be incomplete.

Neonatal withdrawal has been
reported in infants of women treated
during pregnancy, often occurs from
day one to eight of life.

Opioid detoxification (ultra-rapid);
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Warning or Precaution

Single Entity Agents Combination Product

Buprenorphine | Naltrexone | Naloxone | Buprenorphine/Naloxone

safety has not been established.

Opioid naive patients; deaths have
been reported when used for
analgesia; do not use as an analgesic.

Opioid overdose vulnerability; use
likely to have reduced tolerance to
opioids after use and thus respond to
lower doses then previously; use
caution if restarting opioid therapy.

Opioid withdrawal; may occur in
individuals physically dependent on full
opioid agonists before the effects of
the full opioid agonist has subsided.

Orthostatic hypotension may occur.

Pediatric exposure; accidental
exposure can cause severe, life-
threatening respiratory depression.

Respiratory depression and death has
been associated with use when used
with central nervous system
depressants; use caution in patients
with compromised respiratory function.

Special populations; administer with
caution in debilitated patients, patients
with myxedema or hypothyroidism,
adrenal cortical insufficiency, central
nervous system depression or coma,
toxic psychosis, prostatic hypertrophy
or urethral stricture, acute alcoholism,
delirium tremens or kyphoscoliosis

Surmountable effect of antagonistic
effects when a large dose of opioids
are administered.

Use with caution in patients with
thrombocytopenia or any coagulation
disorder (due to intramuscular
injection).

Drug Interactions

Table 9. Drug Interactions '™

Generic Name

Interacting
Medication or Disease

Potential Result

Buprenorphine Barbiturate anesthetics The dose of anesthetic required to induce anesthesia

(methohexital, thiamylal, thiopental) | may be reduced, increasing the likelihood of apnea.

Buprenorphine Benzodiazepines

Concomitant administration results in an increased risk
of sedation and life-threatening respiratory depression,
especially with over dosage.

Buprenorphine CYP3A4 Inhibitors (e.g. azole Increased effects of buprenorphine

antifungals, macrolide antibiotics,
HIV protease inhibitors)
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Generic Name

Interacting
Medication or Disease

Potential Result

Buprenorphine

CYP3A4 Inducers (e.g.
phenobarbital, carbamazepine,
phenytoin, rifampicin)

Decreased effects of buprenorphine

Buprenorphine

Non-nucleotide reverse
transcriptase inhibitors

Significant reactions involving CYP3A4 inducers
(efavirenz, nevirapine, etravirine) and CYP3A4
inhibitors (delavirdine) have been shown, however
there was no significant pharmacodynamic effect.

Naltrexone Opioid-continuing products Antagonistic effect decreases effectiveness of opioid
(analgesics, antidiarrheals, cough containing products.
and cold remedies)
Naloxone Clonidine Hypotensive and bradycardic effects of clonidine may
be reduced; monitor for hypertension.
Naloxone Yohimbine An increase in adverse effects such as anxiety, hot

and cold flashes, increased plasma cortisol levels,
nausea, nervousness, and palpitations may result.

Dosage and Administration

Table 10. Dosing and Administration'®

Generic Name |

Adult Dose

Single Entity Agents

Buprenorphine

Opioid dependence, treatment
induction':

Sublingual tablet: initial, 8 mg on day
one followed by 16 mg on day two

Opioid dependence, treatment
maintenance':

Sublingual tablet: maintenance
progressive dose adjustment of 2 to 4
mg, general range of 4 to 24 mg per
day

|  Pediatric Dose |  Availability
Safety and efficacy in | Sublingual tablet:
children <16 years of 2mg
age have not been 8 mg

established.

Naltrexone

Alcohol dependence:
Extended-release suspension for
injection: 380 mg via intramuscular
injection in the gluteal muscle every
four weeks by a healthcare provider

Tablet: 50 mg once daily for up to 12
weeks

Opioid dependence®:

Tablet: initial, 25 mg once daily; if no
withdrawal symptoms occur, increase
to 50 mg once daily thereafter

Opioid dependence, prevention of

relapse following opioid detoxification:

Extended-release suspension for
injection: 380 mg via intramuscular
injection in the gluteal muscle every

Safety and efficacy in | Suspension for

children <18 years of injection,
age have not been extended-release:
established. 380 mg

Tablet:

50 mg
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Generic Name

Adult Dose

Pediatric Dose

Availability

four weeks by a healthcare provider

Naloxone

Opioid overdose:

Auto-injector: 0.4 via intramuscular or
subcutaneous injection into the
anterolateral aspect of the thigh once,
repeat 0.4 mg after two to three
minutes, if necessary

Opioid overdose:
Auto-injector: 0.4 mg
via intramuscular_or
subcutaneous
injection once, may
repeat after two to

Auto-injector
solution (Evzio®):
0.4 mg/0.4 mL

Prefilled syringe,
solution:

three minutes 0.4 mg/mL
Prefilled syringe, vial: 0.4 to 2 mg 2 mg/2 mL
intravenously or via intramuscular or Prefilled syringe, vial:
subcutaneous injection once, may 0.1 mg/kg Vial, solution
repeat after two to three minutes, if intravenously (age <5 | 0.4 mg/mL
necessary years) once, 2 mg
(age 5 to 18 years)
intravenously once,
may repeat after two
to three minutes
Combination Product
Buprenorphine/ | Opioid dependence, treatment Safety and efficacy in | Buccal film
naloxone induction': children <16 years of (Bunavail®):
Sublingual film (Suboxone®): 8/2 mg age have not been 2.1/0.3 mg
sublingually on day one, followed by established. 4.2/0.7 mg
16/4 mg sublingually on day two 6.3/1 mg
Opioid dependence, treatment Sublingual film
maintenance : (Suboxone®):
Buccal film (Bunavail®): maintenance 2/0.5 mg
(after induction with buprenorphine 4/1 mg
sublingual tablets), target dose of 8/2 mg
8.4/1.4 mg buccally once daily dose 12/3 mg
adjusted by 2.1/0.3 mg at a time to
adequate response, normal range is Sublingual tablet:
2.1/0.3 mg to 12.6/2.1 mg once daily 2/0.5 mg
8/2 mg
Sublingual film (Suboxone®):
maintenance, target dose of 16/4 mg Sublingual tablet
sublingually once daily dose adjusted (Zubsolv®):
by 2/0.5 mg or 4/1 mg at a time to 1.4/0.36 mg
adequate response, normal range is 2.9/0.71 mg
4/1 mg to 24/6 mg once daily 5.7/1.4 mg
8.6/2.1 mg
Sublingual tablet: maintenance, target 11.4/2.9 mg

dose of 16/4 mg sublingually once
daily dose adjusted by 2/0.5 mg or 4/1
mg at a time to adequate response,
normal range is 4/1 to 24/6 mg once
daily

Sublingual tablet (Zubsolv®):
maintenance (after induction with
buprenorphine sublingual tablets),
target dose of 11.4/2.9 mg
sublingually once daily dose adjusted
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Generic Name

Adult Dose Pediatric Dose Availability

once daily

by 1.4/0.36 mg or 2.8/0.72 mg at a
time to adequate response, normal
range is 2.8/0.72 mg to 17.1/4.2 mg

1 As part of a complete treatment plan to include counseling and psychosocial support.
TAs part of a comprehensive plan of management that includes some measure to ensure the patient takes the medication.

§ Indication is for ReVia® only.
[| Indiiction is for Vivitrol® only.
9 Indication is for Suboxone® only.

Clinical Guidelines

Table 11. Clinical Guidelines

Clinical Guideline

Recommendations

United States
Substance Abuse and
Mental Services Center
for Substance Abuse
Treatment:

Clinical Guidelines for
the Use of
Buprenorphine in the
Treatment of Opioid
Addiction (2004)"

Buprenorphine/naloxone should be used for the induction, stabilization
and maintenance phases of treatment for most patients.

Induction doses should be administered as observed treatment;
however, subsequent doses may be obtained with a prescription.

In most patients, buprenorphine/naloxone can be used for induction. If
buprenorphine monotherapy is used, patients should be transitioned to
buprenorphine/naloxone after no more than two days of treatment. If
buprenorphine monotherapy is to be used for extended periods, the
number of doses to be prescribed should be limited, and the use of the
monotherapy formulation should be justified in the medical record.
Buprenorphine/naloxone or buprenorphine should only be used in
patients dependent on long-acting opioids who have evidence of
sustained medical and psychosocial stability in conjunction with opioid
treatment programs. In these patients, buprenorphine monotherapy
should be utilized during the induction phase to avoid precipitation of
withdrawal.

For patients taking methadone, the methadone dose should be tapered
to £30 mg/day for at least one week and patients should have taken
their last dose of methadone 324 hours prior to initiating buprenorphine
induction. The first dose of buprenorphine should be 2 mg of the
monotherapy formulation. If a patient develops signs or symptoms of
withdrawal after the first dose, a second dose of 2 mg should be
administered and repeated as needed to a maximum of 8 mg of
buprenorphine on day one. The decision to transfer a patient, exhibiting
withdrawal symptoms, from methadone at doses >30 mg/day to
buprenorphine should be based on a physician’s judgment as there is
insufficient data in this patient population.

Patients who are experiencing objective signs of opioid withdrawal and
whose last use of a short-acting opioid were at least 12 to 24 hours
prior, should be inducted using buprenorphine/naloxone. Patients should
receive a first dose of 4/1 to 8/2 mg of the buprenorphine/naloxone
combination. If the initial dose of the combination treatment is 4/1 mg
and opioid withdrawal symptoms subside but then return (or are still
present) after two hours, a second dose of 4/1 mg may be administered.
The total amount of buprenorphine administered in the first day should
not exceed 8 mg.

If patients do not exhibit withdrawal symptoms after the first day of
induction, the patient’s daily dose should be equivalent to the total
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Clinical Guideline

Recommendations

amount of buprenorphine/naloxone (or buprenorphine) that was
administered on day one. Doses may be subsequently increased in
2g/0.5 to 4 /1 mg increments daily, if needed for symptomatic relief, with
a target dose of 12/3 to 16/4 mg per day within the first week.

Patients experiencing withdrawal symptoms on day two should receive
an initial dose of buprenorphine/naloxone equivalent to the total amount
of buprenorphine administered on day one plus 4/1 mg (maximum initial
dose of 12/3 mg). If withdrawal symptoms are still present two hours
after the dose, an additional 4 mg/1 mg dose can be administered. The
total dose on day two should not exceed 16/4 mg. Continue dose
increases on subsequent days as needed.

The stabilization phase begins when patients are free of withdrawal
symptoms and cravings. Most patients will stabilize on daily doses of
16/4 to 24/6 mg; however, doses up to a maximum of 32/8 mg daily may
be required in some patients.

During stabilization, patients receiving maintenance treatment should be
seen at least weekly. Once a stable buprenorphine dose is reached and
toxicologic samples are free of illicit opioids, less frequent visits
(biweekly or monthly) may be an option. Toxicology tests for illicit drugs
should be administered at least monthly.

The longest phase of treatment is the maintenance phase which may be
indefinite. Decisions to decrease or discontinue buprenorphine should
be based on a patient commitment to being medication-free and on
physician judgment.

Patients treated for opioid withdrawal should receive psychosocial
therapy (e.g., individual or group counseling, self-help programs, and
patient monitoring) and have their medical comorbidities managed
effectively.

Buprenorphine monotherapy may be used for medically supervised
withdrawal.

Detoxification in short-acting opioid addiction can be rapid (three days),
moderate (10 to14 days) or long term (indefinite). Buprenorphine long
term therapy may be more effective than rapid detoxification from short-
acting opioid abuse.

In pregnant women, methadone is currently the standard of care;
however, if this option is unavailable or refused by the patient,
buprenorphine may be considered as an alternative. Although the
Suboxone® and Subutex® product information advises against use in
breast-feeding, the effects on the child would be minimal and
buprenorphine use in breast-feeding is not contraindicated in this patient
population.

In adolescents and young adults, buprenorphine is a useful option;
however, the practitioner should be familiar with the state laws regarding
parental consent.

In geriatric patients, the literature is lacking; however, due to differences
in metabolism and absorption, additional care should be exercised when
treating these patients.

In instances of polysubstance abuse, buprenorphine may not have a
beneficial effect on the use of other drugs. Extra care should be
employed in patients who abuse alcohol or benzodiazepines due to the
potentially fatal interactions with buprenorphine.

Patients who need treatment for pain but not for addiction should be
treated within the context of a medical or surgical setting and should not
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Clinical Guideline

Recommendations

be transferred to an opioid maintenance program just because they
have become physically dependant throughout the course of medical
treatment.

Pain, in patients receiving buprenorphine for opioid addiction, should be
treated with short-acting opioid pain relievers and buprenorphine should
be held. Sufficient time for these medications to be cleared must be
allowed before restarting the buprenorphine. Patients with chronic
severe pain may not be good candidates for buprenorphine because of
the ceiling effect.

In patients recently discharged from controlled environments, intensive
monitoring is required, and treating physicians may be called upon to
verify and explain treatment regimens, to document patient compliance
and to interact with the legal system, employers, and others. These
patients may be candidates for buprenorphine treatment even if there is
no current opioid abuse. The lowest dose possible of
buprenorphine/naloxone should be used (2/0.5 mg).

Opioid addiction in health care professionals requires specialized,
extended care since opioid addiction is an occupational hazard.

Veterans Health
Administration,

Department of Defense:

Clinical Practice
Guideline for
Management of
Substance Use
Disorders (2009)"

General considerations

- Opioid agonist treatment is the first-line treatment for chronic opioid
dependence.
Provide access to opioid agonist treatment for all opioid dependent
patients, under appropriate medical supervision and with concurrent
addition-focused psychosocial treatment.
Strongly recommend methadone or sublingual buprenorphine/naloxone
maintenance as first-line therapy. Buprenorphine monotherapy is
preferred in pregnancy.
By administering an opioid to prevent withdrawal, reduce craving, and
reduce the effects of illicit opioids, the opioid-dependent patient is able
to focus more readily on recovery activities.

Opioid agonist treatment program and office-based opioid treatment

- Opioid agonist treatment should be administered in an opioid agonist
treatment program or office-based opioid treatment.
Doses should be adjusted to maintain a therapeutic range between
signs/symptoms of overmedication and opioid withdrawal.
The usual dosage range for optimal effects is 60 to 120 mg/day.
Buprenorphine target dose is generally up to 16 mg/day; doses >32 mg
are rarely indicated.
In all cases (except pregnancy), the combination product of
buprenorphine/naloxone should be used.

Methadone therapy

- Methadone for the treatment of opioid dependence may only be
prescribed out of an accredited opioid agonist treatment program as it is
a schedule Il agent. It is illegal to prescribe methadone for the treatment
of opioid dependence out of an office-based practice.
For newly admitted patients, the initial dose of methadone should not
exceed 30 mg and the total dose for the first day should not exceed 40
mg, without provider documentation that 40 mg didn’t reduce withdrawal
Under usual practices, a stable, target dose is greater than 60 mg/day
and most patients will require considerably higher doses in order to
achieve a pharmacological blockade of reinforcing effects of
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exogenously administered opioids.

Buprenorphine therapy

Office-based treatment with sublingual buprenorphine for opioid
dependence can only be provided by physicians who have received a
waiver from the Substance Abuse and Mental Health Services
Administration (SAMHSA) and have a special Drug Enforcement Agency
(DEA) number.

Buprenorphine induction (~1 week) involves helping a patient in the
process of switching from the opioids of abuse to buprenorphine.

In all cases (except pregnancy), the combination product of
buprenorphine/naloxone should be used.

The initial dose of buprenorphine/naloxone combination is between 2/0.5
mg to 4/1 mg, which can be repeated after two hours. The amount of
buprenorphine administered in the first day should not exceed 8 mg.

The daily buprenorphine/naloxone dose is the equivalent to the total
amount of buprenorphine/naloxone (or buprenorphine) that was
administered on day one. Doses may be increased as needed for
symptomatic relief, with a target dose of 12/3 mg to 16/4 mg per day to
be achieved within the first week.

American Psychiatric
Association:

Practice Guideline for
Treatment of Patients
with Substance Use
Disorders (2006)"

Treating dependence and abuse

Goals of therapy are to identify stable maintenance dose of opioid
agonist and facilitate rehabilitation.
The choice of treatment for opioid dependence is based on patient
preference, past response to treatment, probability of achieving and
maintaining abstinence, and assessment of the short- and long-term
effects of continued use of illicit opioids on the patient’s life adjustment
and overall health status.
Maintenance treatment with methadone or buprenorphine is appropriate
for patients with 3 1 year history of opioid dependence. Maintenance
therapy with naltrexone is an alternative strategy.
Methadone is a full mu agonist opioid, and is the most thoroughly
studied and widely used agent for opioid dependence.
Methadone maintenance treatment for opioid-dependent individuals has
generally been shown to be effective in:

o Decreasing illicit opioid use.
Decreasing psychosocial and medical morbidity.
Improving overall health status.
Decreasing mortality.
Decreasing criminal activity.
Improving social functioning.
Reducing the spread of Human Immunodeficiency Virus
infection among intravenous drug users.
Maintenance on methadone is generally safe; however, one key issue is
determining a dose sufficient to suppress the patient’s opioid withdrawal
and craving, as no single dose is optimal for all patients.
Methadone can be diverted for abuse, as can other opiates that have
agonist effects at the mu receptor.
Buprenorphine produces a partial agonist effect at the mu receptor and
an antagonistic effect at the kappa receptor.
Buprenorphine enters the systemic circulation more slowly through the
sublingual route than with parenteral administration and has less abuse
potential compared to the parenterally delivered form.

Oo0Oo0OO0OO0O0
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The combination of buprenorphine and naloxone significantly reduces
the risk of diversion because naloxone will exert a potent opioid
antagonist effect if the combination tablet is crushed and administered
intravenous by an opioid-dependent person. Naloxone has poor
sublingual bioavailability.

Buprenorphine is generally safe. Overdose with buprenorphine generally
does not produce significant respiratory depression

Treating intoxication
Mild to moderate opioid intoxication usually does not require specific
therapy.
Severe opioid toxicity, marked by respiratory depression, is a medical
emergency. Naloxone will reverse respiratory depression and other
overdose manifestations.

Treating withdrawal

Treatment of withdrawal is directed at safely decreasing acute
symptoms and easing transition into a long-term treatment program.
Effective strategies include:

0 Substitution of opioid with methadone or buprenorphine.

0 Abrupt discontinuation of opioids, with use of clonidine to

suppress withdrawal symptoms.
0 Clonidine-naltrexone detoxification.

Conclusions

Buprenorphine, buprenorphine/naloxone and naltrexone are treatment options for opioid dependent patients who
are unable or unwilling to receive clinic-based methadone treatment. Naloxone alone is used for the treatment of
opioid overdose. Buprenorphine is available as a sublingual tablet, and buprenorphine/naloxone is available as
sublingual tablet and film. Naltrexone is available as a tablet or extended-release suspension for injection.
Naloxone alone is available as a solution in vials or prefilled syringes and also in an auto-injector device.
Buprenorphine and buprenorphine/naloxone sublingual tablets naltrexone tablets, and naloxone vials and
syringes are currently available generically.1'9 Physicians prescribing buprenorphine for opioid dependency in an
office-based treatment setting are required to complete a training program as outlined in the Drug Addiction
Treatment Act of 2000."® Evzio® (naloxone injection) is designed to be administered by laypersons in the
presence of a patient with an apparent opioid overdose. Two injections are provided in each package of Evzio®
(naloxone injection), should the patient require a second injection before emergency medical services arrive.

Results of clinical trials vary, but generally buprenorphine and buprenorphine/naloxone are considered equally
effective and significantly improve outcomes compared to placebo when used for opioid withdrawal %238 A
meta-analysis evaluated naltrexone compared to non-therapy, and found no significant difference in outcomes.
However, when considering only studies in which patient’s adherence were strictly enforced, there was a
statistically significant difference in retention and abstinence with RR of 2.93 (95% Cl, 1.66 to 5.18).58 The
percentage of subjects achieving each observed percentage of opioid-free weeks was greater in the naltrexone
extended release group compared to the placebo group.59
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Therapeutic Class Overview
Opioid-Induced Constipation Agents

Therapeutic Class Overview/Summary:

There are currently three agents approved by the Food and Drug Administration (FDA) for the treatment
of opioid-induced constipation (OIC). Lubiprostone (Amitiza®), methylnaltrexone bromide (Relistor®),
naloxegol oxalate (Movantik®) are indicated for the treatment of OIC in adults with chronic non-cancer
pain. Additionally, methylnaltrexone bromide is also FDA-approved for use in adults with OIC who have
advanced iliness and are receiving palliative care." While lubiprostone is also indicated for the treatment
of chronic idiopathic constipation, and irritable bowel syndrome with constipation, those indications will
not be covered in this review. Opioids are an effective and widely used treatment option to help control
many different types of pain. Constipation, which can sometimes be severe, is a common side-effect of
opioid use and may limit their acceptability.4 The cause of constipation associated with opioid use is
thought to occur due to multiple etiologies. One factor is the ability of opioids to bind to the p- and &-opioid
receptors found on smooth muscle within the gastrointestinal tract. This decreases peristalsis in the small
intestine and colon by relaxing the intestinal smooth muscles and preventing normal bowel elimination
functions. In addition, opioids are thought to interfere with normal fluid and electrolyte levels within the
gastrointestinal lumen due to this longer gastrointestinal transit time that causes excessive water and
electrolyte reabsorption from feces.’

Agents used for the treatment of OIC work via one of two mechanisms. Lubiprostone is a locally acting
chloride channel activator that enhances a chloride-rich intestinal fluid secretion without altering sodium
and potassium concentrations in the serum. Lubiprostone acts by specifically activating the chloride
channel-2 (CIC-2), which is a normal constituent of the apical membrane of the human intestine. By
increasing intestinal fluid secretion, lubiprostone increases motility of the intestine, thereby increasing the
passage of stool and alleviating symptoms of constipation.1 Methylnaltrexone bromide and naloxegol
oxalate are selective y-opioid antagonists that prevent the peripheral activation of p-opioid receptors in
certain tissues, such as the gastrointestinal tract, thus reducing the constipation side-effect. At therapeutic
doses, neither agent interferes with the analgesic activity of opioids, which is caused by activation of y-
opioid receptors within the central nervous system (CNS).Z'3 Methylnaltrexone bromide is a quaternary
amine, which increases its polarity, and helps prevents its penetration into the CNS.? Naloxegol oxalate is
a PEGylated derivative of naloxone, and is a substrate for the P-glycoprotein transporter (P-gp). The
presence of a polyethylene glycol (PEG) moiety reduces its passive permeabilitg into the CNS while being
a substrate for P-gp increases efflux of naloxegol across the blood-brain barrer.

Table 1. Current Medications Available in the Therapeutic Class™™®

Generic Food and Drug Administration- Dosage Generic
(Trade Name) Approved Indications Form/Strength Availability
Chronic Idiopathic constipation; Capsule:
opioid-induced constipation in 8 ug

Lubiprostone (Amitiza®) chronic non-cancer pain, Irritable | 24 ug -
Bowel Syndrome with
Constipation

Opioid-induced constipation in Prefilled Syringe:
chronic non-cancer pain, 8 mg/0.4 mL
Methylnaltrexone bromide | Opioid-induced constipation in 12 mg/0.6 mL
(Relistor®) advanced illness )
Vial, single-use:
12 mg/0.6 mL
Naloxegol oxalate Opioid-indgced constipation in Tablet:
(Movantik®) advanced illness 12.5 mg -
25 mg
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Evidence-based Medicine
The efficacy of lubiprostone for the treatment of OIC was in patients receiving opioid therapy for
chronic, non-cancer-related pain was assessed in three 12-week, randomized, double-blinded,
placebo-controlled studies. In all three studies, patients had documented opioid-induced constipation
at baseline, defined as having less than three spontaneous bowel movements (SBMs) per week, with
at least 25% of SBMs associated with one or more of the following conditions: (1) hard to very hard
stool consistency; (2) moderate to very severe straining; and/or (3) having a sensation of incomplete
evacuation. Use of rescue laxatives was allowed in cases where no bowel movement had occurred in
a 3-day period. At baseline, mean oral morphine equivalent daily doses (MEDDs) for the three studies
were 99 mg and 130 mg, 237 mg and 265 mg, and 330 mg and 373 mg for placebo-treated and
lubiprostone -treated patients, respectively.“ " Studies one and two have bene published, while study
three remains unpublished. The primary endpoint of study one was the “overall responder” rate,
defined as 21 SBM improvement over baseline frequency were reported for all treatment weeks for
which data were available and 23 SBMs/week were reported for at least 9 of 12 treatment weeks.
There was a statistically significant difference in favor of lubiprostone when compared to placebo for
overall responder rate (27.1% compared with 18.9%; treatment difference, 8.2%; P=0.030). The
primary endpoint of studies two and three was the mean change from baseline in SBM frequency at
week eight. For study two, there was a statistically significant difference in changes from baseline in
SBM frequency in favor of lubiprostone when compared to placebo (3.3 compared with 2.4; treatment
difference, 0.9; P=0.004). However, in the unpublished study three, there was not a statically
significant difference in the mean change from baseline in SBM frequency at week eight between
lubiprostone and placebo groups (2.7 compared to 2.5; treatment difference -0.2; P=O.76).1
The efficacy of methylnaltrexone bromide for the treatment of OIC was established in two clinical
trials in patients with advanced iliness receiving palliative care and one study in patients with chronic
non-cancer pain.z'a'9 All studies were double-blind, placebo-controlled studies that compared
methylnaltrexone 0.15 mg/kg and/or 0.3 mg/kg subcutaneously to placebo. The primary endpoint of
the first study was the proportion of patients with a rescue-free laxation within four hours after a single
dose of study medication or placebo. Methylnaltrexone bromide-treated patients had a significantly
higher rate of laxation within four hours of the double-blind dose (62% for 0.15 mg/kg and 58% for 0.3
mg/kg) than did placebo-treated patients (14%); P<0.0001 for each dose compared with placebo.z’8
The second study evaluated the same primary end-point and found similar results. In this study the
proportion of patients who had rescue-free laxation within four hours after receiving the first dose of
the study drug was significantly higher in the methylnaltrexone bromide group than the placebo group
(48% compared with 15%, respectively; P<0.001). In addition, the proportion of patients who had
rescue-free laxation within four hours after receiving two or more of the first four doses was
significantly higher in the methylnaltrexone bromide group compared to placebo (52% compared with
8%, respectively; P<0.001 ).2’9 The safety and efficacy of methylnaltrexone bromide for the treatment
of OIC in patients with chronic non-cancer pain was evaluated in an unpublished study with results
reported only in the FDA-approved package insert. The primary endpoint was the proportion of
patients with greater than three spontaneous bowel movements (SBMs) per week during the four-
week double-blind period. The results from this study showed that 59% of individuals in
methylnaltrexone were found to have at least three SBMs per week compared to 38% in the placebo
group (P<0.001).2
The efficacy of naloxegol oxalate for the treatment of OIC in adults receiving opioids for chronic
noncancer-related pain was evaluated in two phase Il trials. Both studies were identically designed
multicenter, randomized, double-blind, placebo-controlled, 12 week trials that evaluated naloxegol
12.5 mg and 25 mg compared to placebo. In both of the trials, the primary efficacy outcome was the
rate of response over weeks one through 12 (defined as = SBMs/week and an increase from baseline
of 2 one SBM per week for at least nine of 12 weeks and at least three out of the last four weeks).
Results from these two studies revealed that naloxegol 25 mg provided a statistically significant
improvement over placebo for the primary outcome (P=0.001 and P=0.02, respectively); however,
naloxegol 12.5 mg showed statistical significance only in the first study (P=0.02 and P=0.2,
respectively).3’10
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Key Points within the Medication Class

There is limited current clinical guidance that address lubiprostone or the p-opioid antagonists’ place
in therapy for O1C:>"""

0 Most, existing 4guidelines were published prior to approval of these agents or are only briefly
mentioned."*”

0 Generally well-established bowel regimens are recommended for an initial case of OIC. This
may include a scheduled dose of a stimulant laxative such, as bisacodyl or senna, with or
without a stool-softener, such as docusate. Alternatively, daily administration of an osmatic
laxative such as lactulose or polyethylene glycol may be used.>'""?

o All laxatives are potential options and there is no data to suggest that any one approach is
superior to any other.

o The limited guidance that exists regarding the newer agents suggest that they are effective
treatment options, but should be reserved for refectory cases of OIC only.s’”'14

Other Key Facts:
0 There are currently no generic products available.
o0 Lubiprostone and naloxegol oxalate are available as oral dosage forms.
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Overview/Summary

There are currently three agents approved by the Food and Drug Administration (FDA) for the treatment of opioid-
induced const|pat|on (OIC). Lubiprostone (Am|t|za ), methylnaltrexone bromide (Rellstor ), naloxegol oxalate
(Movantlk ) are indicated for the treatment of OIC in adults with chronic non-cancer pain. Additionally,
methylnaltrexone brom|de is also FDA-approved for use in adults with OIC who have advanced illness and are
receiving palliative care. While lubiprostone is also indicated for the treatment of chronic idiopathic constipation,
and irritable bowel syndrome with constipation, those indications will not be covered in this review. Opioids are an
effective and widely used treatment option to help control many different types of pain. Constipation, which can
sometimes be severe, is a common side-effect of opioid use and may limit their acceptability.” The cause of
constipation associated with opioid use is thought to occur due to multiple etiologies. One factor is the ability of
opioids to bind to the y- and d-opioid receptors found on smooth muscle within the gastrointestinal tract. This
decreases peristalsis in the small intestine and colon by relaxing the intestinal smooth muscles and preventing
normal bowel elimination functions. In addition, opioids are thought to interfere with normal fluid and electrolyte
levels within the gastrointestinal lumen due to this longer gastrointestinal transit time that causes excessive water
and electrolyte reabsorption from feces.’

Agents used for the treatment of OIC work via one of two mechanisms. Lubiprostone is a locally acting chloride
channel activator that enhances a chloride-rich intestinal fluid secretion without altering sodium and potassium
concentrations in the serum. Lubiprostone acts by specifically activating the chloride channel-2 (CIC-2), which is a
normal constituent of the apical membrane of the human intestine. By increasing intestinal fluid secretion,
lubiprostone i mcreases motility of the intestine, thereby increasing the passage of stool and alleviating symptoms
of const|pat|on Methylnaltrexone bromide and naloxegol oxalate are selective p-opioid antagonists that prevent
the peripheral activation of y-opioid receptors in certain tissues, such as the gastrointestinal tract, thus reducing
the constipation side-effect. At therapeutic doses, neither agent interferes with the analgesic act|V|ty of opioids,
which is caused by activation of p-opioid receptors within the central nervous system (CNS) Methylnaltrexone
bromide is a quaternary amine, which increases its polarity, and helps prevents its penetration into the CNS.?
Naloxegol oxalate is a PEGylated derivative of naloxone, and is a substrate for the P-glycoprotein transporter (P-
gp)- The presence of a polyethylene glycol (PEG) moiety reduces its passive permeab|I|ty into the CNS while
being a substrate for P-gp increases efflux of naloxegol across the blood-brain barrer.

Methylnaltrexone bromide subcutaneous injection became the first agent FDA-approved for the treatment of OIC
in April of 2008, which was later expanded to include patients with OIC and have chronic non-cancer pain.
Lubiprostone capsules became the first oral agent for the treatment of opioid-induced constipation in April of
2013. In September 2014, naloxegol oxalate became the most recent agent to be approved by the FDA for OIC
and is the first oral peripheral y-opioid receptor antagonist approved for that indication." There |s I|m|ted current
clinical guidance that address lubiprostone or the p-opioid antagonists’ place in therapy for OIC.>"" Most,
existing guidelines were published prior to approval of these agents or are only briefly mentioned."*™ Generally
well-established bowel regimens are recommended for an initial case of OIC. This may include a scheduled dose
of a stimulant laxative such, as bisacodyl or senna, with or without a stool-softener, such as docusate.
Alternatlvely, daily administration of an osmatic laxative such as lactulose or polyethylene glycol may be

used.>'""? All laxatives are potential options and there is no data to suggest that any one approach is superior to
any other. The limited guidance that exists regarding the newer aqents suggest that they are effective treatment
options, but should be reserved for refectory cases of OIC only. There are currently no generic products
available.
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Medications

Table 1. Medications Included Within Class Review '

Generic Name (Trade name) Medication Class Generic Availability
Lubiprostone (Amitiza®) Laxative (CIC-2 chloride channel activator) -
Methylnaltrexone bromide (Relistor®) Peripheral p-opioid receptor antagonist -
Naloxegol oxalate (Movantik®) Peripheral y-opioid receptor antagonist -

CIC-2=chloride channel-2
Indications

Table 2. Food and Drug Administration Approved Indications ™™

Methylnaltrexone Naloxegol

Indications Lubiprostone bromide oxalate

Chronic idiopathic constipation in adults a

Irritable bowel syndrome with constipation
(IBS-C) in adult women a

Opioid-induced constipation in adults with
chronic non-cancer pain

Opioid-induced constipation in adults with
advanced illness who are receiving palliative
care when response to laxative therapy has
not been sufficient

a

*Efficacy of lubiprostone in the treatment of OIC in patients taking diphenylheptane opioids (e.g. methadone) has not been established

Pharmacokinetics

Table 3. Pharmacokinetics'

Generic Name Absorption Renal Active Serum Half-Life
Excretion (%) Metabolites (hours)
Lubiprostone Low* Not Reported Not reported Unable. to
determine

Cmax. 0.5 hours;
Methylnaltrexone bromide AUC: increased 53.6 Yes' 8
proportionally with dose

Crmax: <2 hours?
Naloxegol oxalate AUD: increased 16 Not evaluated® 6 to 11
proportionally with dose

Cmax: Time to maximum concentration

*Following oral administration, concentrations of lubiprostone in plasma are below the level of quantitation (10 pg/mL)

1Three of five distinct metabolites of methylnaltrexone exhibit y-opioid receptor antagonist activity (methyl-6a-naltrexol and methyl-6p3-naltrexol
are active at the p-opioid receptor; methylnaltrexone sulfate is a weak p-opioid receptor antagonist)

TA second peak in concentration was observed at 0.4 to 3 hours after first peak

§The activity of the six metabolites of naloxegol at the p-opioid receptor has not been determined.

Clinical Trials

The safety and efficacy of agents used for the treatment of opioid-induced constipation have been evaluated in a
number of clinical trials.”>®™ Clinical trials that evaluate these agents for other diagnoses will not be covered in
this review.

The efficacy of lubiprostone for the treatment of OIC was in patients receiving opioid therapy for chronic, non-
cancer-related pain was assessed in three 12-week, randomized, double-blinded, placebo-controlled studies. In
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all three studies, patients had documented opioid-induced constipation at baseline, defined as having less than
three spontaneous bowel movements (SBMs) per week, with at least 25% of SBMs associated with one or more
of the following conditions: (1) hard to very hard stool consistency; (2) moderate to very severe straining; and/or
(3) having a sensation of incomplete evacuation. Use of rescue laxatives was allowed in cases where no bowel
movement had occurred in a 3-day period. At baseline, mean oral morphine equivalent daily doses (MEDDs) for
the three studies were 99 mg and 130 mg, 237 mg and 265 mg, and 330 mg and 373 mg for placebo-treated and
lubiprostone -treated patients, respectlvely " Studies one and two have bene published, while study three
remains unpublished. The primary endpoint of study one was the “overall responder” rate, defined as 21 SBM
improvement over baseline frequency were reported for all treatment weeks for which data were available and =3
SBMs/week were reported for at least 9 of 12 treatment weeks. There was a statistically significant difference in
favor of lubiprostone when compared to placebo for overall responder rate (27.1% compared with 18.9%;
treatment difference, 8.2%; P=0.030). The primary endpoint of studies two and three was the mean change from
baseline in SBM frequency at week eight. For study two, there was a statistically significant difference in changes
from baseline in SBM frequency in favor of lubiprostone when compared to placebo (3.3 compared with 2.4;
treatment difference, 0.9; P=0.004). However, in the unpublished study three, there was not a statically significant
difference in the mean change from baseline in SBM frequency at week eight between lubiprostone and placebo
groups (2.7 compared to 2.5; treatment difference -0.2; P=0. 76)

The efficacy of methylnaltrexone bromide for the treatment of OIC was established in two clinical trlals |n patients
with advanced iliness receiving palliative care and one study in patients with chronic non-cancer pam 2 Al
studies were double-blind, placebo-controlled studies that compared methylnaltrexone 0.15 mg/kg and/or 0.3
mg/kg subcutaneously to placebo. The primary endpoint of the first study was the proportion of patients with a
rescue-free laxation within four hours after a single dose of study medication or placebo. Methylnaltrexone
bromide-treated patients had a significantly higher rate of laxation within four hours of the double-blind dose (62%
for 0.15 mg/kg and 58% for 0.3 mg/kg) than did placebo-treated patients (14%); P<0.0001 for each dose
compared with placebo ® The second study evaluated the same primary end-point and found similar results. In
this study the proportion of patients who had rescue-free laxation within four hours after receiving the first dose of
the study drug was significantly higher in the methylnaltrexone bromide group than the placebo group (48%
compared with 15%, respectively; P<0.001). In addition, the proportion of patients who had rescue-free laxation
within four hours after receiving two or more of the first four doses was significantly h|gher in the methylnaltrexone
bromide group compared to placebo (52% compared with 8%, respectively; P<0. 001) ° The safety and efficacy
of methylnaltrexone bromide for the treatment of OIC in patients with chronic non-cancer pain was evaluated in an
unpublished study with results reported only in the FDA-approved package insert. The primary endpoint was the
proportion of patients with greater than three spontaneous bowel movements (SBMs) per week during the four-
week double-blind period. The results from this study showed that 59% of individuals in methylnaltrexone were
found to have at least three SBMs per week compared to 38% in the placebo group (P<O0. 001)

The efficacy of naloxegol oxalate for the treatment of OIC in adults receiving opioids for chronic noncancer-related
pain was evaluated in two phase lll trials. Both studies were identically designed multicenter, randomized, double-
blind, placebo-controlled, 12 week trials that evaluated naloxegol 12.5 mg and 25 mg compared to placebo. In
both of the trials, the primary efficacy outcome was the rate of response over weeks one through 12 (defined as =
SBMs/week and an increase from baseline of 2 one SBM per week for at least nine of 12 weeks and at least three
out of the last four weeks). Results from these two studies revealed that naloxegol 25 mg provided a statistically
significant improvement over placebo for the primary outcome (P=0.001 and P=0.02, respectively); however,
naloxegol 12.5 mg showed statistical significance only in the first study (P=0.02 and P=0.2, respectwely).3 10
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Table 4. Clinical Trials

A one-time dose reduction
to lubiprostone 24 ug QD
was allowed due to
adverse events.

Rescue medication could
be used if there was no
SBM in a three day period.

dose for 230
days, diagnosis
of OIC as well as
one or more of
the following
characteristics
during each
screening week:
hard or very hard
stools, sensation
of incomplete
evacuation, or
moderate to very
severe straining

weeks 8, 12, and
overall; weekly
responder rates;
percentage of
patients with a
first SBM within
24 and 48 hours
postdose; and
HRQOL (PAC-
QOL and EQ-5D
scores), mean
change from
baseline for
straining
associated with
SBMs, stool
consistency,
constipation
severity,
abdominal
bloating, and
abdominal
discomfort

Study Design Sample Size

Study and Drug Regimen and and Study End Points Results

Demographics Duration
Jamal et al’ DB, MC, PC, N=431 Primary: Primary:

PG, RCT Overall SBM Overall responders were defined as reporting at least moderate
Lubiprostone 24 ug BID 12 weeks response rate response (=21 SBM improvement over baseline frequency) for all

Male and non- treatment weeks for which observed data were available, as well as a
VS pregnant Secondary: full response (additional 23 SBMs per week) for at least 9 of the 12

females 218 Change from treatment weeks. Significantly more patients were overall SBM
placebo BID years of age, baseline in SBM | responders throughout the 12-week treatment period in the

stable opioid frequency at lubiprostone group than in the placebo group (27.1% [58/214] vs 18.9%

[41/217], respectively; P=0.030).

Secondary:

The percentage of weekly SBM responders was significantly greater in
the lubiprostone group compared with the placebo group at weeks one
and four (P<0.05) and was numerically greater, but not statistically
significant at all other weeks.

Mean changes from baseline in SBM frequencies were significantly
greater with lubiprostone compared with placebo overall (P=0.001) and
at 9 of the 12 treatment weeks (P<0.040).

Patients treated with lubiprostone had significantly more SBMs within
24 (P=0.008) and 48 (P=0.007) hours after the first dose relative to
placebo. Median time to first SBM was significantly shorter with
lubiprostone vs placebo (23.5 vs 37.7 hours, respectively; P=0.004),
with a significantly higher proportion of patients treated with
lubiprostone reporting their first SBM within 4, 8, 12, 24, and 48 hours
of the first dose (P<0.009).

Baseline PAC-QOL and EQ-5D scores were comparable for the
placebo and lubiprostone treatment groups. There were no significant
differences observed over the 12-week treatment period in PAC-QOL
and EQ-5D measures between the placebo and lubiprostone treatment
groups.
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Study Design Sample Size
Study and Drug Regimen and and Study End Points Results
Demographics Duration
Statistically significant improvements, were observed in patients treated
with lubiprostone vs placebo in straining, stool consistency, and
constipation severity (P=0.004, P<0.001, and P=0.010, respectively).
Numerical differences favoring lubiprostone were observed between
the treatment groups for abdominal bloating and abdominal discomfort;
however, the differences did not reach statistical signif