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ABSTRACT

Background: Pembrolizumab (P) and nivolumab (N) are commonly used therapies for advanced mel-
anoma. However, their effectiveness has never been directly compared, leaving little guidance for clini-
cians to select the best therapy. Therefore, we sought to retrospectively compare the overall survival
of patients with metastatic melanoma treated with front line P or N in the real-world setting.

Material and methods: This study included patients with advanced melanoma, diagnosed between 1
January 2011 and 31 July 2018, treated with frontline P or N who were included in a nationwide, lon-
gitudinal de-identified electronic health record (EHR)-derived database. Overall survival (OS) was esti-
mated for each treatment group using Kaplan-Meier curves with a log-rank test. Comparison of OS
was estimated using an inverse probability weighting model to reduce bias between the groups. The
model was adjusted using age, sex, ECOG, LDH (elevated or not), BRAF (mutated or not), Kit (mutated
or not), NRAS (mutated or not), PD-L1 expression (0% or greater), Body Mass Index, and primary site.
Results: 888 patients with advanced disease who received treatment with frontline P (n=486) or N
(n=402) were identified. Median OS for all patients treated with P was 22.6 months (m) and was
23.9m for those treated with N (p=0.91). In the inverse probability weight analysis there was no dif-
ference in survival between patients treated with P or N 1.06 (95% Cl 0.84-1.33).

Concluding Statement: In our retrospective, real-world analysis of patients with advanced melanoma,
no statistical difference in OS was noted between patients treated with frontline P compared to N.
This supports the current practice of choosing either P or N based on patient and provider preference.
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Introduction

The treatment and prognosis of patients with high risk and
advanced melanomas has changed dramatically over the
past five years, largely due to the development of immune
checkpoint inhibitors and antibodies to the programed cell
death 1 receptor (anti-PD-1). The development of these
drugs have improved the median survival of patients with
metastatic/unresectable melanoma from 9 months [1] (m) to
over 36 m [2]. Currently, both pembrolizumab and nivolumab
are approved for metastatic/unresectable melanoma.
Although these antibodies are both IgG4 subtype antibodies
that target the PD-1 receptor, they bind at different epitopes
on the receptor and with different affinities [3] It is unknown
if the differences in pharmacokinetics and dosing strategies
between these two drugs affect the clinical outcome
of patients.

Cross trial comparisons in melanoma demonstrate similar
efficacy between pembrolizumab and nivolumab [4,5].
However, in metastatic non-small cell lung cancer (NSCLC),
cross trial comparisons suggest different efficacies of these
two drugs. Pembrolizumab has been shown to increase over-
all survival in patients with metastatic NSCLC with a PD-L1

expression of 1% or greater [6]. However, nivolumab failed
to show improvement in OS in patients with 5% or greater
of PD-L1 expression in patients with metastatic NSCLC [7].
Although the different outcomes in these two trials could be
due to differences in the second line therapy that patients
received in the chemotherapy arms, it does suggest a pos-
sible difference in efficacy between these two drugs.

There is currently no prospective data that has compared
the effectiveness between these two medications, therefore
physician and patient preference is typically used to choose
the appropriate anti-PD-1 therapy. We sought to retrospect-
ively compare the effectiveness of pembrolizumab and nivo-
lumab in patients with advanced melanoma in a real-world
patient population.

Material and methods

We conducted a real-world, retrospective study to compare
the effectiveness of pembrolizumab and nivolumab for
patients with advanced melanoma. We used the Flatiron
Health database, a longitudinal, demographically and geo-
graphically diverse deidentified database derived from
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Table 1. Patient demographics for all patients.

Pembrolizumab Nivolumab
N 486 402 p
Female (%) 32 31 632
Age (Median) 75 73 02°
Interquartile Range 66-82 62-81
ECOG 0-1 (%) 81 (270/332) 81 (155/215) .88°
Normal LDH (%) 74 (199/270) 72 (155/215) 712
BMI (Median) 27.7 275 62°
Interquartile Range 24.4-32.2 24.2-31.3
Missing (n) 45 32
BRAF Wild-Type (%) 76 (310/407) 77 (262/341) .83°
KIT Wild-Type (%) 94 (128/136) 91 (80/88) 36°
NRAS Wild-Type (%) 74 (99/134) 73 (64/88) .85°
PD-L1 < 1% (%) 40 (20/50) 56 (25/45) 132
Primary Site (%)
Head and Neck 35 33 62°
Upper Extremity 21 22 .76
Trunk 29 31 66°
Lower Extremity 15 14 8
Unknown 28 25 27°
Received 2nd line therapy (%) 18 24 022
Alive at last follow up (%) 63 64 732

2Chi Square analysis. PMann-Whitney test.

electronic health record (EHR) data. The database includes
de-identified data from over 280 cancer clinics (~800 sites of
care), representing more than 2.1 million US cancer patients
available for analysis. The patient-level data in the EHR
include structured and unstructured data curated via tech-
nology-enabled abstraction. The Copernicus Institutional
Review Board (IRB) provided approval, with waiver of
informed consent, of the research dataset prior to study con-
duct. The University of Utah IRB reviewed the study protocol
and granted an exemption.

The study included patients diagnosed with advanced
melanoma between 1 January 2011 and 31 July 2018, who
received frontline therapy with either pembrolizumab or
nivolumab. Patients with incomplete clinic records or insuffi-
cient follow up, fewer than 30days, from initiation of front-
line therapy were excluded. Patients treated in the frontline
setting with multi-agent combination therapies that included
pembrolizumab or nivolumab were excluded.

Overall survival (OS), based on EHR documentation plus
linkage to external data sources [8], from the initiation of
frontline therapy was compared between those treated with
frontline pembrolizumab and nivolumab. As progression data
was not readily accessible for all patients in the dataset, a
potential surrogate for progression free survival, time to next
line therapy or death (TTNTD), was also compared between
those treated with pembrolizumab versus nivolumab. TTNTD
was calculated in a hierarchical manner, where for patients
who received second line therapy, TTNTD was calculated
from the initiation of first line therapy to the initiation date
of second line therapy. For patients who died without receiv-
ing second line therapy, TTNTD was calculated from the initi-
ation of first line therapy to the date of death. Patients who
were alive without receiving second line therapy at the time
of analysis were censored at last known follow up.

The OS and TTNTD for patients treated with pembrolizu-
mab and nivolumab were compared using Kaplan Meier
curves and log-rank analysis. Cox regression analysis was also
used to compare the OS and TTNTD for these populations.
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Figure 1. Overall survival of patients with advanced melanoma treated with
frontline pembrolizumab or nivolumab.

3 separate Cox regression models were performed: an
unadjusted model, an adjusted model, and an inverse prob-
ability weighting model. The adjusted model was adjusted
for age at initiation of treatment, sex, pretreatment ECOG
performance status, pretreatment LDH (value greater than
upper limit of normal or not), BRAF mutational status (identi-
fication of a targetable mutation or not), KIT mutations sta-
tus, NRAF Mutations status, PD-L1 positivity (0% or greater),
pretreatment Body Mass Index (BMI) and primary site of dis-
ease. Pretreatment was defined as being documented within
30days of starting frontline therapy. For the inverse probabil-
ity weighting model, we fitted a logistic regression model to
estimate the probability of the treatment for each patient,
and used the inverse predicted probability as a weight in the
Cox regression model. The logistic regression model for the
treatment was adjusted for the same covariates above.

Results

7,650 patients with melanoma were identified within the
Flatiron Health database. 3,743 patients received systemic
therapy for advanced disease, of whom 1,090 received treat-
ment with either frontline pembrolizumab or nivolumab. 202
patients were excluded due to insufficient data or follow up.
The final dataset included 486 patients who received front-
line pembrolizumab and 402 patients treated with front-
line nivolumab.

The median age for patients included in our study was
74. Median ECOG performance status and pretreatment LDH
was 1 and 236 (units/liter), respectively. Patients treated with
frontline pembrolizumab were older and less likely to receive
second line therapy as compared to those treated with nivo-
lumab. There was no difference between those treated with
pembrolizumab and nivolumab in regard to sex, perform-
ance status, pretreatment LDH, BMI, mutational status for
BRAF, NRAS, or KIT, PD-L1 positivity, primary site of disease,
or vital status at last follow up (Table 1).

With a median follow up of 17.3 months, median OS and
TINTD for all treated patients were 22.6m [interquartile
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Figure 2. Time to Next Line of Therapy or Death (TTNTD) for patients with
advanced melanoma treated with frontline pembrolizumab or nivolumab.

range (IQR) 6.8-not reached (NR)] and 13.6m (IQR 3.4-NR),
respectively. The median OS for patients treated with front-
line pembrolizumab was 22.6 m (IQR 6.8-NR), while median
OS for those treated with nivolumab was 23.9m (IQR
6.8-39.5), p=0.91 (Figure 1). Median TTNTD for patients
treated with frontline pembrolizumab or nivolumab was
157m (IQR 3.4-NR) and 10.8m (IQR 3-NR), p=0.16
(Figure 2).

In the inverse probability weighting model, the hazard
ratios (HR) for OS and TTNTD for receiving pembrolizumab,
as compared to nivolumab, were 1.06 (95% Cl 0.84-1.33) and
0.92 (95% Cl 0.76-1.12), Table 2. The HRs did not vary
between the different analyses and all included one within
the 95% Cl.

Discussion

In this retrospective, real-world analysis of patients with
advanced melanoma treated with frontline anti-PD-1 therapy,
there was no meaningful difference between TTNTD or OS
for patients treated with frontline pembrolizumab as com-
pared to nivolumab, before or after inverse probabil-
ity weighting.

Median OS for all patients included in our analysis was
22.6 months. This is lower than reported median OS from
clinical trials for frontline therapy for nivolumab and pembro-
lizumab, roughly 36.9 and 38.7m [2,4]. One reason for this
difference could be that there is a shorter median duration
of follow up in our study, as compared to the clinical trials.
Another reason could be the difference in the patient popu-
lations between prospective clinical trials and our real world
dataset. For example, both clinical trials using pembrolizu-
mab and nivolumab excluded patients with active CNS dis-
ease and performance status of 2 or greater. However, 19
percent of patients, for whom ECOG data was available, in
our analysis had a poor performance status. Additionally, site
of metastatic disease is not recorded in the Flatiron Health
database. Therefore, we do not know what percentage of
patients had active CNS disease, however there is

Table 2. Hazard Ratio for Overall Survival (OS) and Time to Next Therapy or
Death (TTNTD) for receiving Pembrolizumab versus Nivolumab.

0S TINTD
1.04 (0.83-1.30) 0.93 (0.77-1.13)

Unadjusted Cox Model
HR (95%Cl)
Adjusted Cox Model®
Inverse Probability Weighting Model®

1.07 (0.85-1.35) 0.94 (0.77-1.15)
1.06 (0.84-1.33) 0.92 (0.76-1.12)

“adjusted for age, gender, pretreatment ECOG performance status, elevated
pretreatment LDH value, BRAF mutational status (actionable mutation or not),
KIT mutations status, NRAF Mutations status, PD-L1 positivity (0% or greater),
pretreatment BMI, and site of primary disease.

presumably a proportion of patients in the database that do.
Interestingly, despite inferior overall survival noted in our
dataset, as compared to large clinical trials, little difference
was noted between the TTNTD in this study and PFS in the
clinical trials. Median TTNTD for patients included in this ana-
lysis was 13.6 m, while reported median PFS for nivolumab
and pembrolizumab was 6.9 [4] and 11.2m [2], respectively.
One reason that might explain the similarity of TTNTD in this
study with PFS in the clinical trials, but inferior OS for
patients in our study is an increased proportion of BRAF
mutations for patients included in the clinical trials. In our
study sample, there was roughly a 10% lower presence of
actionable BRAF V600 mutations. Therefore, a higher percent-
age of patients in our study had fewer effective treatment
options available for their advanced melanoma after progres-
sion as compared to those included in prospective clin-
ical trials.

Limitations of this study include the potential imperfec-
tion of TTNTD as a surrogate for PFS, and the imperfection
of inverse probability weighting as a method of retrospect-
ively balancing treatment arms. Another limitation of this
study is the lack of information in the database in regards to
local therapies, such as metastectomies and radiation ther-
apy, both of which could impact TTNTD and OS.

Conclusion

In the multiple different analyses performed in this study, we
found no difference between the effectiveness of pembroli-
zumab and nivolumab. Therefore, our study supports the
current clinical practice of choosing either drug based on
patient and clinician preference.
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