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Abstract

Background Brodalumab is a fully human anti—interleukin-17 receptor A monoclonal antibody efficacious for the treatment
of adults with moderate-to-severe plaque psoriasis.

Objective This study summarizes malignancy rates in psoriasis clinical studies of brodalumab.

Methods Data were pooled from one phase II study and three large, multicenter, phase III randomized studies of brodalumab
for the treatment of psoriasis, including two studies with randomization to brodalumab, ustekinumab, or placebo. Data from
the 52-week (brodalumab and ustekinumab) and long-term (brodalumab) pools were summarized as exposure-adjusted or
follow-up time-adjusted event rates per 100 patient-years (PY).

Results Exposure-adjusted event rates per 100 PY at 52 weeks were lower with brodalumab (n = 4019; 3446 total PY of
exposure) than with ustekinumab (n = 613; 495 total PY of exposure), including adjudicated malignancies (0.9 vs 2.6) and
Surveillance, Epidemiology, and End Results (SEER)-adjudicated malignancies (0.3 vs 0.4). The exposure-adjusted event

rate of adjudicated malignancies in the brodalumab group remained stable in the long-term analysis (0.9 [82 events]).
Conclusions Rates of malignancy among brodalumab-treated patients with psoriasis were generally low.
Trial registry ClinicalTrials.gov identifier NCT00975637; NCT01101100; NCT01708590 (AMAGINE-1); NCT01708603

(AMAGINE-2); NCT01708629 (AMAGINE-3).

Because psoriasis is associated with an increased inci-
dence of some malignancies such as skin cancer, we
assessed the malignancy rates in multiple clinical studies
of brodalumab, a fully human anti—interleukin-17 recep-
tor A monoclonal antibody efficacious for the treatment
of moderate-to-severe plaque psoriasis.

We found that brodalumab appears to have a low carci-
nogenic risk of malignancy on the basis of an analysis of
> 8000 patient-years of exposure.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s40257-020-00512-4) contains
supplementary material, which is available to authorized users.
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1 Introduction

Psoriasis is a chronic inflammatory disease associated with
increased incidence of some cancers [1], a risk that may be
related to impaired immune function or predisposing thera-
pies in patients with this disorder [2]. In a population-based
study of 67,761 individuals that examined the association
between the risk of incident cancers and psoriasis, patients
with psoriasis were found to have an increased risk of devel-
oping malignancies such as lymphohematopoietic and pan-
creatic cancers, and the risk of certain cancers was elevated
in patients with long-term disease history [1]. Accordingly,
patients with psoriasis should be monitored and routinely
screened for potential malignancies, particularly skin cancer
[3].

There may be an increased risk of malignancy among
patients with psoriasis compared with the general popula-
tion. A systematic review showed increase risk of solid can-
cers in psoriasis, including respiratory tract cancer (stand-
ardized incidence ratio [SIR], 1.52), upper aerodigestive
tract cancer (SIR, 3.05), urinary tract cancer (SIR, 1.31),
and liver cancer (SIR, 1.90) [2]. Increased incidence of can-
cer in patients with psoriasis has also been linked to the use
of certain immunosuppressive and potentially carcinogenic
treatments, such as cyclosporine, methotrexate, and psoralen
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and ultraviolet A light therapy [3]. For example, in a 5-year
cohort study of patients with psoriasis, use of the immu-
nosuppressive therapy cyclosporine was associated with a
2-fold greater incidence of malignancy and a 6-fold greater
incidence of nonmelanoma skin cancer (NMSC) compared
with incidence in the general population [4]. In a meta-anal-
ysis of seven studies, there was a higher risk of squamous
cell carcinoma in psoriasis (SIR, 5.3), which was strongly
related to the use of 8-methoxypsoralen-ultraviolet-A and,
potentially, cyclosporine and methotrexate [2]. This meta-
analysis also showed an increased incidence of basal cell
carcinoma in patients with psoriasis (SIR, 2.00) [2].

An association between use of anti-tumor necrosis fac-
tor a (anti-TNFa) agents and NMSC, especially squamous
cell carcinoma, has also been reported in several immune-
mediated conditions. A comparison of patients receiving
anti-TNFa therapy showed a significantly elevated risk of
NMSC in those with psoriasis relative to the risk in those
with rheumatoid arthritis (hazard ratio, 6.0 [95% confidence
interval 1.6-22.4]) [5]. Expert opinion recommends avoid-
ing the use of TNFa inhibitors in patients who currently
have malignancy or those with history of malignancy [6].

Recently developed biologic therapies for psoriasis target
immune system messengers such as interleukin-17 (IL-17),
and related pathways have also been identified as novel can-
cer targets. For example, IL-12 plays a role in antitumor
immunity through activation of antitumor effectors and
blocking the expansion of intratumoral regulatory T cells
[7]. IL-12 also contributes to maintaining cancer cells in
equilibrium, allowing them to persist in a dormant rather
than metastatic state [8]. Consistent with this role of IL-12
in cancer surveillance, inhibition of IL-12/23p40 in a pre-
clinical model enhanced tumor outgrowth [8]. There may
be a theoretical risk of compromising cancer surveillance
through mechanisms of blocking IL-12, such as with the
anti—IL-12/23 p40 antibody ustekinumab. Potential malig-
nancies are considered an event of interest for immunomod-
ulatory biologics, and treatments for psoriasis should be
assessed for any possible contribution to risk of malignancy
in these patients.

Brodalumab is a fully human anti-IL-17 receptor A
monoclonal antibody [9]. Across three large phase III stud-
ies of brodalumab for the treatment of moderate-to-severe
plaque psoriasis, 75% improvement in psoriasis area severity
index (PASI 75) response rates ranged from 83% to 86% in
patients receiving brodalumab 210 mg every 2 weeks (Q2W)
compared with 3% to 8% in those receiving placebo [10,
11]. Brodalumab is a targeted immunomodulatory agent and
is not expected to be broadly immunosuppressive [12, 13].
A network meta-analysis of 109 studies of treatments for
chronic plaque psoriasis (which included three studies of
brodalumab versus placebo and two studies of brodalumab
versus the active comparator ustekinumab and placebo) did
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not find evidence of increased risk of serious adverse events
(AEs) with brodalumab [14]. However, the long-term effect
of brodalumab on risk of malignancies remains unknown.
The objective of this analysis was to summarize malignancy
rates in clinical studies of brodalumab for the treatment of
moderate-to-severe plaque psoriasis.

2 Methods
2.1 Study Design and Treatments

Data from a 12-week phase II study (NCT00975637) [15],
its open-label extension (NCT01101100; cut-off date:
June 16, 2014) [16], and three randomized, multicenter,
52-week, phase III studies (AMAGINE-1, NCT01708590
[11]; AMAGINE-2, NCT01708603; and AMAGINE-3,
NCTO01708629 [10]) were pooled. The methodologies
of these studies have previously been described, and the
AMAGINE-1 and AMAGINE-2/-3 study designs are
included as Supplementary Material (Electronic Supplemen-
tary Material 1) [10, 11, 15, 16]. Briefly, each study enrolled
adults >18 years of age with plaque psoriasis and PASI >12.
Use of most systemic psoriasis treatments including cor-
ticosteroids, phototherapy, methotrexate, and cyclosporine
within 14-28 days before the first dose of study drug was an
exclusion criteria in the phase III psoriasis trials (details in
Electronic Supplementary Material 2).

Each study was placebo controlled for the first 12 weeks,
and AMAGINE-2 and -3 also included ustekinumab as
an active comparator up to week 52. Treatment changes
were incorporated into the design of each study; therefore,
patients had exposure to different study therapies (described
briefly below) and experienced different durations of treat-
ment with those therapies. Patients with active malignancy
or history of malignancy within 5 years (except for treated
or cured cutaneous squamous or basal cell carcinoma, in situ
cervical cancer, or in situ breast ductal carcinoma) were
excluded from the phase III clinical program.

In the initial 12-week period of the phase II study, broda-
lumab was administered at dosages of 70, 140, or 210 mg
Q2W, with an additional dose at week 1, or at a dosage of
280 mg Q4W. During the open-label extension (up to data
cutoff at week 192), patients received brodalumab 210 mg
Q2W, except some patients with body weight <100 kg had
doses decreased to 140 mg Q2W per a protocol amendment.
In AMAGINE-1, patients were assigned to brodalumab 140
or 210 mg Q2W (with an additional dose at week 1), which
persisted through the termination of the open-label exten-
sion at week 266, except for certain patients who received
three weekly doses of brodalumab 140 or 210 mg during
retreatment after withdrawal and then returned to the Q2W
treatment interval. In AMAGINE-2 and -3, patients were
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assigned to brodalumab 140 or 210 mg Q2W (with an addi-
tional dose at week 1), which persisted through week 12.
From week 12 to week 266, patients assigned to brodalumab
received brodalumab 140 mg Q2W, Q4W, or Q8W or broda-
lumab 210 mg Q2W. In AMAGINE-2 and -3, ustekinumab
was administered according to the label at 45 mg in patients
with body weight <100 kg and 90 mg in patients with body
weight > 100 kg and was given on day 1, week 4, and every
12 weeks thereafter through week 52.

2.2 Assessments

All AEs reported in the neoplasms benign, malignant, and
unspecified (including cysts and polyps) System Organ
Class were medically reviewed in a blinded manner by
study staff, and confirmed malignancies were categorized
as adjudicated malignancies. Malignancies were further cat-
egorized as Surveillance, Epidemiology, and End Results
(SEER)-adjudicated malignancies [17] if they corresponded
to malignancies included in SEER reporting. The category
of SEER-adjudicated malignancies excluded basal cell car-
cinoma and squamous cell carcinoma of the skin, in situ
cancers (except for urinary bladder), benign neoplasms, and
recurrent tumors. Adjudicated malignancies were also sepa-
rately classified as NMSCs.

2.3 Statistical Analyses

Baseline demographics and disease characteristics by treat-
ment group in the initial 12-week studies (Table 1) were
summarized as mean (range) for continuous variables and
number of patients (%) for categorial variables. Data from
the 12-week induction period (placebo, ustekinumab, and
brodalumab), 52-week extensions (brodalumab and usteki-
numab), and long-term pool (brodalumab) were summa-
rized. The long-term pool included data collected from the
phase I and III studies until their open-label extensions were
terminated at 192 or 266 weeks. The all-brodalumab group
included all patients who received one or more doses of
brodalumab. At week 12 and week 52, data are also shown
for patients who received brodalumab 210 mg Q2W. An
exploratory analysis of malignancy events occurring among
patients with a history of malignancy in the phase III studies
was also conducted.

Rates of malignancy events were calculated as exposure-
adjusted or follow-up time-adjusted event rates per 100
patient-years (PY). Exposure-adjusted event rates, which
exclude gaps or interruptions in treatment, were calculated
as the number of events/total PY of exposure x 100. Follow-
up observation time included gaps or interruptions in treat-
ment and post-treatment follow-up beyond the exposure

Table 1 Baseline demographics and disease characteristics by treatment group in the initial 12-week studies

Placebo Ustekinumab Brodalumab All brodalumab
(n=2879) (n=613) 210 mg Q2W (n =3066)*
(n = 1496)

Female, n (%) 272 (30.9) 196 (32.0) 459 (30.7) 942 (30.7)
Age, mean (range), years 44.6 (18-86) 45.1 (18-75) 45.0 (18-75) 44.8 (18-75)
Race, n (%)

White 799 (90.9) 551 (89.9) 1351 (90.3) 2775 (90.5)

Asian 29 (3.3) 24 (3.9) 51(3.4) 116 (3.8)

Black 29 (3.3) 20 (3.3) 40 (2.7) 85 (2.8)

Native Hawaiian/Pacific Islander 3(0.3) 1(0.2) 10 (0.7) 18 (0.6)

American Indian/Alaska Native 2(0.2) 2(0.3) 8 (0.5) 16 (0.5)

Other/unknown 17 (1.9) 152.4) 36 (2.4) 56 (1.8)
Psoriasis duration, mean (range), years 18.5 (1-67) 18.5 (1-57) 18.6 (1-65) 18.4 (1-66)
Psoriasis area and severity index, mean (range) 20.0 (12-66) 20.0 (12-60) 20.2 (12-72) 20.2 (12-72)
Static physician’s global assessment score, n (%)

Oorl 0 0 0 0

2 0 0 2 (0.1) 8(0.3)

3 500 (56.9) 345 (56.3) 827 (55.3) 1789 (58.3)

4 330 (37.5) 235 (38.3) 583 (39.0) 1112 (36.3)

5 49 (5.6) 33(5.4) 84 (5.6) 157 (5.1)
Psoriatic arthritis, n (%) 180 (20.5) 114 (18.6) 310 (20.7) 654 (21.3)
Prior malignancy, n (%) 18 (2.0) 17 (2.8) 34 (2.3) 69 (2.3)

Q2W every 2 weeks

The all-brodalumab group includes all patients who received > 1 dose of brodalumab
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period. Follow-up observation time-adjusted event rates
were calculated as the number of events/total PY of follow-
up x 100.

3 Results

3.1 Patient Treatment Exposure and Baseline
Characteristics

During the initial 12-week studies, 3066 patients in the
all-brodalumab group had a total of 688 PY of brodalu-
mab exposure; of these, 1496 patients received brodalumab
210 mg Q2W. A total of 613 patients in the ustekinumab
group had 140 total PY of ustekinumab exposure. At the
end of 52 weeks, 4019 patients had received brodalumab
for a total of 3446 PY, and total ustekinumab exposure
increased to 495 PY of exposure. In the long-term pool,
4464 patients were treated with brodalumab, of whom 1304
received brodalumab 210 mg Q2W and had no usteki-
numab exposure. In the long-term pool, there were a total of
8655 PY of exposure and a total of 9174 PY of follow-up in
the all-brodalumab group, and mean duration of exposure
to brodalumab was 23.3 months. In the overall brodalumab
210 mg Q2W group, there were a total of 2543 PY of expo-
sure and a total of 2686 PY of follow-up, and mean duration
of exposure was 23.4 months.

Baseline characteristics among patients enrolled in the
initial 12-week period, including sex, age, and duration of
psoriasis, were similar across all groups (Table 1). Over-
all, ~70% of patients were men and ~90% were White, and
most patients (57%) were >40 to <65 years of age. The
mean (standard deviation [SD]) duration of psoriasis was
~18.5 (12.1) years, 21% of patients had psoriatic arthritis,

Table 2 Malignancy exposure-adjusted event rates (12-week results)

the mean (SD) PASI score was 20.1 (8.1), and almost all
patients (>99%) had a static physician’s global assessment
of psoriasis score of > 3. At study baseline, 2-3% of patients
across treatment groups reported a history of malignancy
(Table 1).

3.2 Event Rates Through Week 12

Few malignancy events were reported during the 12-week
induction period (Table 2). Within this period, no adjudi-
cated malignancies were reported over a total of 195 PY
of exposure in those receiving placebo, one was reported
over a total of 140 PY in those receiving ustekinumab, and
four were reported over a total of 688 PY among all patients
receiving brodalumab. Exposure-adjusted event rates for
adjudicated malignancies were similar in the ustekinumab,
brodalumab 210 mg Q2W, and all-brodalumab treatment
groups, ranging from 0.6 to 0.7 events per 100 PY of expo-
sure. There were three cases of NMSC among all patients
receiving brodalumab and no cases in the placebo or usteki-
numab groups. Through week 12, one SEER-adjudicated
malignancy (prostate cancer) occurred in a patient receiv-
ing ustekinumab, and one (penile squamous cell cancer)
occurred among all patients receiving brodalumab. One
patient in the brodalumab 140 mg Q2W group had pan-
creatic carcinoma, a grade 4 serious AE that was reported
on study day 39 (after the exposure period); however, this
patient received only one dose of brodalumab before being
discontinued from the study.

3.3 Event Rates Through Week 52

Exposure-adjusted adjudicated malignancy event rates
through 52 weeks were lower in the all-brodalumab group

Placebo Ustekinumab Brodalumab All brodalumab
(n=879; 195 PY) (n=613; 140 PY) 210 mg Q2W (n =3066; 688
(n = 1496; 336 PY) PY)*
Adjudicated malignancies 0 1(0.7) 2 (0.6) 4 (0.6)
NMSC 0 0 1(0.3) 3(0.4)
Basal cell carcinoma 0 0 0 2(0.3)
Squamous cell carcinoma 0 0 1(0.3) 1(0.1)
SEER-adjudicated malignancies 0 1(0.7) 1(0.3) 1(0.1)
Penile squamous cell carcinoma 0 0 1(0.3) 1(0.1)
Prostate cancer 0 1(0.7) 0 0

Values are the number of events (exposure-adjusted event rate per 100 patient-years [#/PY X 100])

NMSC nonmelanoma skin cancer, PY total patient-years of exposure through week 12, Q2W every 2 weeks, SEER Surveillance, Epidemiology,

and End Results

The all-brodalumab group includes all patients who received > 1 dose of brodalumab
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(0.9 events per 100 PY) than in the ustekinumab group
(2.6 events per 100 PY; Fig. 1). Exposure-adjusted rates of
NMSC through 52 weeks were 0.6 events per 100 PY in the
all-brodalumab group (basal cell carcinoma [n = 15], 0.4
events per 100 PY and squamous cell carcinoma [n = 4],
0.1 events per PY) and were 2.2 events per 100 PY in the
ustekinumab group (basal cell carcinoma [n = 8], 1.6 events
per PY; squamous cell carcinoma [n = 2], 0.4 events per PY;
and Bowen disease [n = 1], 0.2 events per PY; Fig. 1). The
ratio of basal cell carcinoma to squamous cell carcinoma
events was 4:1 in the ustekinumab group and 3.8:1 in the
all-brodalumab group. Most malignancy AEs through week
52 were grade <2 in severity.

Exposure-emergent serious AEs occurring in more than
one patient included adenocarcinoma of the pancreas in
two brodalumab-treated patients, basal cell carcinoma in
two ustekinumab-treated patients, one case of prostate can-
cer each for brodalumab and ustekinumab, and two cases
of uterine leiomyoma with brodalumab. Two brodalumab-
treated patients had grade 4 treatment-emergent serious
malignancy AEs, which were bile duct adenocarcinoma
and follicle center lymphoma. One fatal malignancy AE,
pancreatic carcinoma, occurred in the ustekinumab group.

3.4 Event Rates Through End of Study

Rates of malignancy events in brodalumab-treated patients
in the long-term analysis (Table 3) were consistent with the
52-week results. NMSC was experienced by 56 patients in
the all-brodalumab group (basal cell carcinoma [ = 39] and
squamous cell carcinoma [n = 9] follow-up time-adjusted
NMSC event rate: 0.6 per 100 PY) and in 11 patients in
the brodalumab 210-mg Q2W group (basal cell carcinoma
[n = 7] and squamous cell carcinoma [n = 2] follow-up
time-adjusted NMSC event rate: 0.4 per 100 PY). A total
of 37 SEER-adjudicated malignancies were reported over
a total of 9174 PY of exposure; the most common of these
was prostate cancer (n = 8; 0.1 events per 100 PY in the

all-brodalumab group; Table 3). There was one case of
B-cell lymphoma and one case of follicle center lymphoma
in the all-brodalumab group.

3.5 History of Malignancy

In an exploratory analysis, 2-3% of patients across treatment
groups reported history (typically > 5 years before screening,
with exceptions listed in Methods) of malignancy (Table 1).
Among the most common types of prior malignancy were
basal cell carcinoma, squamous cell carcinoma, breast can-
cer, malignant melanoma, squamous cell carcinoma of the
skin, thyroid neoplasm, prostate cancer, and uterine can-
cer (Supplementary Table 1, see Electronic Supplementary
Material). Of patients with prior malignancy (n = 138),
41-67% of patients across treatment groups reported pre-
vious treatment with any phototherapy (placebo [n = 18],
66.7%; ustekinumab [n = 17], 41.2%; brodalumab 210 mg
Q2W [n = 34], 55.9%; all-brodalumab group [n = 69],
52.2%). One patient in the brodalumab 210 mg Q2W group
with a history of resolved basal cell carcinoma experienced
an adjudicated malignancy event of squamous cell carci-
noma during the 12-week induction phase. Overall, three
adjudicated malignancies, also classified as NMSC AEs (one
basal cell carcinoma, two squamous cell carcinoma), were
reported in patients with malignancy history who received
constant brodalumab 210 mg Q2W through 52 weeks. The
three patients who experienced these NMSC AEs entered
the clinical program with a history of resolved breast cancer
(n = 1), basal cell carcinoma (n = 3), and squamous cell
carcinoma (n = 1).

4 Discussion
In clinical studies of brodalumab, rates of malignancy were

generally low. In the long-term analysis of 4464 patients
receiving brodalumab over 8655 total PY of exposure, the

Fig. 1 Malignancy event 31 Ustekinumab (n=613; 495 PY)
rates (52-week results). The 2.6 M Constant brodalumab 210 mg Q2W (n=1335; 1042 PY)
all-brodalumab group includes g 2.5 M All brodalumab (n=4019; 3446 PY)
all patients who received > 1 o,
dose of brodalumab. NMSC E § Py
nonmelanoma skin cancer, PY o 16
total patient-years of exposure 3 5] 154
through week 52, Q2W every 3 T 1.2
2 weeks, SEER Surveillance, g S 0.9
Epidemiology, and End Results g= 1 .
Ll% 0.5
054 0.4 0.4 04 . 0.4 03
0.2
0 BN 0w = Bim
Adjudicated Basal cell Squamous cell Bowen disease SEER-adjudicated
malignancies carcinoma carcinoma malignancies

NMSC
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Table 3 Malignancy exposure-adjusted and follow-up observation time-adjusted event rates with brodalumab (long-term pool)

Overall brodalumab All brodalumab
210 mg Q2W (n = 4464)°
(n =1304)*
Exposure-adjusted event Follow-up time-adjusted Exposure-adjusted event Follow-up time-adjusted
rate per 100 patient-years  event rate per 100 patient-  rate per 100 patient-years  event rate per 100 patient-
(2543 PY) years (2686 PY) (8655 PY) years (9174 PY)
Adjudicated malignancies 19 (0.7) 21(0.8) 82 (0.9) 93 (1.0)
NMSC 11 (0.4) 11 (0.4) 56 (0.6) 56 (0.6)
Basal cell carcinoma 7(0.3) 7(0.3) 39 (0.5) 39 (0.4)
Squamous cell carcinoma 2 (0.1) 2(0.1) 9(0.1) 9(0.1)
Squamous cell carcinoma 1 (<0.1) 1(<0.1) 6 (0.1) 6 (0.1)
of the skin
Basosquamous carci- 0 0 1(<0.1) 1 (<0.1)
noma of the skin
Squamous cell carcinoma 1 (<0.1) 1(<0.1) 1(<0.1) 1(<0.1)
of the oral cavity
SEER-adjudicated malig- 8 (0.3) 10 (0.4) 26 (0.3) 37(0.4)
nancies
Prostate cancer 0 0 7(0.1) 8 (0.1)
Breast cancer 1(<0.1) 1(<0.1) 3(<0.1) 3(<0.1)
Adenocarcinoma of the 1(<0.1) 1(<0.1) 2(<0.1) 2 (<0.1)
pancreas
Adenocarcinoma of the 0 0 1(<0.1) 1(<0.1)
colon
B-cell lymphoma 0 0 0 1(<0.1)
Bile duct adenocarci- 0 0 1(<0.1) 1(<0.1)
noma
Bladder cancer 0 1(<0.1) 0 1(<0.1)
Bladder transitional cell 0 0 1(<0.1) 1(<0.1)
carcinoma
Carcinoid tumor 0 0 1(<0.1) 2 (<0.1)
Colon cancer 1(<0.1) 1(<0.1) 1(<0.1) 1(<0.1)
Endometrial cancer 0 0 0 1(<0.1)
Esophageal adenocarci- 0 0 0 1(<0.1)
noma
Esophageal carcinoma 1(<0.1) 1(<0.1) 1(<0.1) 1(<0.1)
Follicle center lym- 0 0 1(<0.1) 1(<0.1)
phoma, follicular grade
1-3
Invasive ductal breast 1(<0.1) 1 (<0.1) 1 (<0.1) 1(<0.1)
carcinoma
Malignant anorectal 0 0 0 1(<0.1)
neoplasm
Metastases to lymph 0 1(<0.1) 0 1(<0.1)
nodes
Pancreatic carcinoma 0 0 1(<0.1) 2 (<0.1)
Papillary thyroid cancer 1 (<0.1) 1(<0.1) 1(<0.1) 1(<0.1)
Penile squamous cell 0 0 1(<0.1) 1(<0.1)
carcinoma
Rectal cancer 1(<0.1) 1(<0.1) 1(<0.1) 1(<0.1)
Renal cancer 0 0 1(<0.1) 1(<0.1)
Renal cell carcinoma 0 0 0 1(<0.1)
Small cell lung cancer 0 0 0 1(<0.1)
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Table 3 (continued)

Overall brodalumab
210 mg Q2W
(n =1304)*

All brodalumab
(n = 4464)°

Exposure-adjusted event
rate per 100 patient-years
(2543 PY)

Follow-up time-adjusted
event rate per 100 patient-
years (2686 PY)

Exposure-adjusted event
rate per 100 patient-years
(8655 PY)

Follow-up time-adjusted
event rate per 100 patient-
years (9174 PY)

Small intestine carcinoma 1 (<0.1) 1(<0.1)

metastatic

1(<0.1) 1(<0.1)

Values are the number of events (exposure- or follow-up observation time-adjusted event rate per 100 patient-years [n/PY X 100]). The mean
(SD) duration of cumulative exposure in the overall brodalumab 210-mg Q2W group was 23.4 (7.9) months and was 23.3 (10.9) months in the

all-brodalumab group

NMSC nonmelanoma skin cancer, PY total patient-years of exposure or follow-up through end of study, Q2W every 2 weeks, SD standard devia-

tion, SEER Surveillance, Epidemiology, and End Results

In the overall brodalumab 210-mg Q2W group, >75% of doses were 210 mg only

®The all-brodalumab group includes all patients who received >1 dose of brodalumab

event rate for all malignancies was 0.9 per 100 PY, and the
event rate for NMSC was 0.6 per 100 PY. Through 52 weeks,
the event rate for all malignancies was 2.6 per 100 PY for
the active comparator ustekinumab. Three NMSCs were
reported in patients with malignancy history receiving con-
stant brodalumab 210 mg Q2W through 52 weeks.

The risk of malignancy among patients receiving treat-
ment for psoriasis has been previously assessed in numer-
ous studies of commonly used treatments, including the
anti-TNFa antibodies infliximab and adalimumab, the
anti—IL-12/23 p40 antibody ustekinumab, and the anti—IL-
17A antibodies secukinumab and ixekizumab. Comparison
of event rates between studies must be made with caution
because there are differences in study setting, inclusion
and exclusion criteria (including definition of psoriasis and
psoriatic arthritis), design, treatment type and regimen, and
methods of defining, determining, and reporting AEs. How-
ever, malignancy findings from studies of other psoriasis
agents provide context for the current analysis of brodalu-
mab safety.

Malignancy risk with use of anti—IL-12/23 or anti—IL-17
treatment for psoriasis has been investigated in long-term
analyses of clinical study data. After 5 years of follow-up
of ustekinumab treatment for psoriasis, an analysis of 8998
total PY of follow-up found event rates of 0.64 per 100 PY
(45 mg) and 0.44 per 100 PY (90 mg) for NMSC and 0.59
per 100 PY (45 mg) and 0.61 per 100 PY (90 mg) for other
malignancies [18]. In an analysis of 2725 total PY of secuki-
numab exposure over 52 weeks, the event rate was 0.48 per
100 PY for NMSC and also 0.48 per 100 PY for other malig-
nant or unspecified tumors [19]. Over 6480 total PY of ixeki-
zumab exposure over 60 weeks, the incidence rate was 0.4
per 100 PY for NMSC and 0.5 per 100 PY for malignancies
excluding NMSC [20]. Finally, over 1373 total PY of ixeki-
zumab exposure in psoriatic arthritis, the incidence rate of
malignancy was 0.7 per 100 PY [21]. As stated previously,

comparisons between different studies must be made with
caution, but rates of malignancy in the current study of
brodalumab (0.9 events per 100 PY for all malignancies and
0.6 events per 100 PY for NMSC) appear consistent with
rates reported for other psoriasis treatments. Three NMSCs
were reported over 52 weeks in patients with malignancy
history who were treated with brodalumab 210 mg Q2W.
Furthermore, 1-year post-marketing pharmacovigilance
monitoring showed three cases of malignancy (hepatic,
lung, and ovarian), all considered unrelated to brodalumab
[22]. Overall, there is limited clinical evidence that use of
biologic treatments for psoriasis increases malignancy risk.
The complex role of inflammatory cytokines such as IL-17
in mediating tumor growth, development, and immunity is
an active area of clinical and preclinical investigation [23].
Real-world studies are needed to understand any potential
long-term malignancy risk with anti-IL-17 biologic treat-
ments for psoriasis.

Several studies have assessed malignancy risk with anti-
TNFa therapy. In one registry study among patients with
psoriasis, an analysis including 23,660 total PY of adali-
mumab use found a rate of 1.0 events of malignancy per
100 PY of exposure [24]. In a retrospective cohort study,
incidence rates per 100 PY of observation for malignan-
cies excluding NMSC were higher for infliximab (2.30)
and lower for adalimumab (0.78) compared with the rate
in the overall psoriasis population (1.42). However, for
NMSC, incidence rates per 100 PY were lower for inflixi-
mab (1.68) and higher for adalimumab (2.41) compared with
the psoriasis population (1.80) [25]. A systematic review of
adalimumab safety in psoriasis registries found event rates
of 0.9 per 100 PY for malignancy, < 0.6 per 100 PY for
malignancies excluding NMSC, and a range of < 0.5-0.6 per
100 PY for NMSC [26]. Another systematic review found an
increased risk of NMSC, but not other malignancies, among
patients with psoriasis treated with anti-TNFa therapy,
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compared with the general population and with patients
with rheumatoid arthritis treated with anti-TNF therapy [27].
Multiple studies in disease states other than psoriasis have
investigated risk of malignancy, particularly lymphoma,
associated with use of anti-TNFa agents [28-31]. These
studies found no increase in risk of malignancy compared
with patients with the same disease treated with other classes
of agents [28-31]. One study of self-reported data among
patients with rheumatoid arthritis found a small (hazard
ratio, 1.24) but not statistically significant increase in the
rate of NMSC with use of anti-TNFa therapy [32]. A sys-
tematic review found no evidence of increased risk of over-
all cancer, lymphoma, or melanoma with use of anti-TNFa
therapy across disease states, but findings for NMSC were
inconsistent [33]. A prospective cohort study in Sweden
showed that patients with rheumatoid arthritis treated with
TNF inhibitors had an increased risk of invasive melanoma
relative to patients not treated with biologics (hazard ratio,
1.5) [34]. An examination of electronic medical records from
an academic medical center identified 35 cases of melanoma
among 6045 patients exposed to a TNFa inhibitor [35].
There were also 972 reports of melanoma associated with
TNFa inhibitors in the US Food and Drug Administration
Adverse Events Reporting System database (from the date of
approval for each drug through August 2012) [35]. However,
a systematic review found no sufficient evidence to conclude
that anti-TNFa agents increase malignancy risk [36].
Among studies that reported findings across multiple drug
classes in patients with psoriasis, a network meta-analysis
including clinical trials of anti-TNFa, anti—IL-12/23, and
anti—IL-17 therapies found that malignancies were reported
in both the intervention and placebo groups across all of
these classes; however, event rates were not reported [14].
In the Psoriasis Longitudinal Assessment Registry, treatment
with ustekinumab was not associated with increased malig-
nancy risk compared with no ustekinumab treatment, but
treatment for >12 months with a TNFa inhibitor (infliximab,
adalimumab, or etanercept) was associated with a 1.5-fold
increase in malignancy risk compared with no TNFa inhibi-
tor treatment [37]. In a Psoriasis Longitudinal Assessment
and Registry (PSOLAR) analysis of 12,095 patients treated
with biologics who were followed up for 31,818 PY, the
rate of malignancies excluding NMSC was 0.68 per 100
PY in the overall group; this rate was lower for patients in
the infliximab (0.58 per 100 PY) or ustekinumab (0.53 per
100 PY) groups [38]. In a later PSOLAR analysis over a
total of 40,388 PY of exposure to biologics, the rate of
malignancies excluding NMSC remained 0.68 per 100 PY
in the overall group; this rate was 0.79 per 100 PY in the
infliximab group and 0.48 per 100 PY in the ustekinumab
group, possibly indicating increasing incidence of malig-
nancy over time for the anti-TNFa agent infliximab [39].

A\ Adis

Further investigations are needed to characterize long-term
malignancy risk across these biologic classes.

This study had some limitations. Fewer patients received
ustekinumab than those receiving brodalumab, resulting in
less exposure to ustekinumab. Patients in the clinical studies
received varying doses of brodalumab on varying schedules,
which limits the ability to generalize to patients receiving the
recommended dose of 210 mg Q2W [9]. Longer follow-up
time is needed to understand the potential clinical impli-
cations of the ratio of basal cell carcinoma to squamous
cell carcinoma (3.8:1 through 52 weeks) in patients who
received any dose of brodalumab, and observations such as
the occurrence of eight cases of prostate cancer over a total
of 9174 PY of follow-up. Follow-up in this analysis contin-
ued for only 266 weeks at most, and the mean exposure was
<2 years in the long-term pool. Increased rates of malig-
nancy beyond this time period could not be assessed.

5 Conclusions

In conclusion, on the basis of an analysis of >8000 PY of
exposure, brodalumab appears to have a low carcinogenic
risk. Rates of malignancy among brodalumab-treated
patients with psoriasis were low in clinical studies. Few
events of malignancy occurred in patients with a history of
malignancy through 52 weeks. Longer follow-up and real-
world evidence are needed to characterize the long-term risk
of malignancy with brodalumab.
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