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APPLIED RESEARCHoriginal
reports

Novel Approaches for Dynamic
Visualization of Adverse Event Data in Oncology
Clinical Trials: A Case Study Using
Immunotherapy Trial S1400-I (SWOG)
Shing M. Lee, PhD1; Weijia Fan, MS1; Aijin Wang, MS1; Riha Vaidya, PhD2; Mary W. Redman, PhD2; Scott N. Gettinger, MD3;

Lyudmila Bazhenova, MD4; Roy S. Herbst, MD, PhD3; Dawn L. Hershman, MD, MS5; and Joseph M. Unger, PhD2

abstract

PURPOSE Clinical trial adverse event (AE) data are increasingly complex and high-dimensional, especially for
trials evaluating novel targeted agents and immunotherapies. Standard approaches to summarize and analyze
AEs remain generally tabular, failing to describe the nature of AEs. Novel dynamic and data visualization
methods are needed to enable a more comprehensive assessment of the overall toxicity profile of treatments.

METHODS We developed methods for visualizing the numerous categorizations and types of AEs along with a
dynamic approach to better reflect its highly dimensional nature without sacrificing the reporting of rare events.
Circular plots displaying the proportion of maximal-grade AEs by system organ classes (SOCs) and butterfly plots
displaying the proportion of AEs by severity for each AE term were developed to enable comparisons of AE
patterns by treatment arm. These approaches were applied to a randomized phase III trial (S1400I; Clin-
icalTrials.gov identifier: NCT02785952) comparing nivolumab with nivolumab plus ipilimumab in patients with
stage IV squamous non–small-cell lung cancer.

RESULTS Our visualizations revealed that patients randomly assigned to nivolumab and ipilimumab had higher
rates of grade 3 or higher AEs compared with nivolumab alone for several SOCs, including musculoskeletal
(5.6% v 0.8%), skin (5.6% v 0.8%), vascular (5.6% v 1.6%), and cardiac (4% v 1.6%) toxicities. They also
suggested a pattern of higher prevalence of moderate GI and endocrine toxicities and showed that although the
rates of cardiac and neurologic toxicities were similar, the types of events were discordant.

CONCLUSION The graphical approaches we proposed enable a more comprehensive and intuitive evaluation of
toxicity types by treatment groups, which is not apparent in tabular and descriptive reporting methods.

JCO Clin Cancer Inform 7:e2200165. © 2023 by American Society of Clinical Oncology

BACKGROUND

Accurate and comprehensive analysis and reporting of
adverse events (AEs) is crucial for understanding
toxicity profiles of cancer treatments and to ensure
patient safety and drug tolerability. Oncology clinical
trials rely on the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) to
collect and report AEs.1 The CTCAE is a descriptive
terminology that defines toxicity severity on a scale
from 1 to 5 for each AE term. The current version 5.0
includes over 1,000 AE terms organized into 26 sys-
tem organ classes (SOCs). Depending on the treat-
ments being evaluated, AEs can differ in their type,
frequency, duration, and severity. Given the large
number of AEs observed in cancer trials, a myriad of
data is generally collected.

Recently, AE data have become increasingly complex
as a result of clinical trials evaluating novel targeted
agents and immunotherapies alone and in combina-
tion with other chemotherapies. However, the analysis

and reporting of AEs remains generally tabular, with
the goal of profiling individual treatment-related AEs
with greatest severity. Although most published ran-
domized clinical trials in top-tier journals report at least
a subset of AEs on the basis of severity or prevalence,
the criteria for inclusion are often not consistent or
clear.2 For example, studies may list the frequency of
grade 3 or higher treatment-related AEs or the fre-
quency of grade 2 or higher AEs with a prevalence of
10% or higher. Similar practices are generally followed
in phase I and II clinical trials. These limited depictions
of AEs may give clinicians a misleading or incomplete
picture of the toxicity profile of a treatment and the
aggregate differences by treatment arm.

To help understand the toxicity profile of novel agents,
a few visualization and analysis methods have been
proposed for displaying individual AEs to allow for
easier comparison by treatments and to depict the
longitudinal trajectories of individual AEs.3-6 Methods
have been proposed for visualization of the timing and
occurrence of AEs using time stream plots of the
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average toxicity grade for individual toxicities across cycles,
time-to-event analysis for time to onset of AEs, and event
charts for patient-level severity and timing of AEs.4,5 These
methods are informative for understanding individual AEs,
but do not address the high dimensionality in the types of
AEs reported in current clinical trials, as the number of AEs
that are reported can range from 10 to more than a hun-
dred. The selection of AEs to report may obscure the
presence of rare serious AEs or more common AEs of
moderate severity. Moreover, the use of tabular formats and
text description alone can limit the capacity to interpret the
overall safety profile of a treatment and especially the
comparison of safety profiles between treatment groups.
Data visualization methods, particularly dynamic visuali-
zation methods, allow for the more effective display of high-
dimensional data that can improve the interpretation of the
various dimensions of AEs, including both their toxicity-
specific and aggregate direction and magnitude. As such,
these methods can aid in identifying and depicting patterns
of AEs to establish potential differences in the AE profile of
treatments. This is especially relevant given the infrequency
with which aggregate toxicity patterns between treatment
groups are formally tested. In this article, we propose novel
approaches for visualizing the numerous types of AEs and
SOCs that are observed in clinical trials to ensure the ac-
curate and comprehensive reporting of AEs. These
graphical approaches are available in an R Shiny Web
Application available on the web and applied to a ran-
domized phase III trial to compare the AE profile of two
immunotherapy regimens (nivolumab v nivolumab plus
ipilimumab) and illustrate their utility in practice.

METHODS

Study Design

We used the AE data from a phase III randomized trial re-
cently completed by the SWOG Cancer Research Network to
illustrate the proposed novel approaches. The clinical trial,
S1400I,7 was conducted within the Lung Cancer Master

Protocol (Lung-MAP), which, to our knowledge, is a first-of-
its-kind, large-scale, master protocol to evaluate molecularly
targeted therapies in patients previously treated for stage IV
or recurrent non–small-cell lung cancer. Lung-MAP was
designed as a biomarker-driven protocol with a screening
approach to define biomarker eligibility to match patients to
specific substudies evaluating the targeted therapies.8

S1400I randomly assigned patients who were not eligible
for a biomarker-matched substudy to nivolumab plus ipili-
mumab versus nivolumab alone. Nivolumab was given once
at 3 mg/kg every 2 weeks, and ipilimumab was given once at
1 mg/kg every 6 weeks. Treatment continued until disease
progression or intolerable toxicity. A total of 275 patients were
enrolled from December 18, 2015, to April 23, 2018, of
whom 252 were eligible, 127 in the nivolumab arm and 125
in the nivolumab plus ipilimumab arm. The trial was stopped
at an interim analysis because of a futility finding. The overall
survival was not statistically significantly different between
the groups. AEs were collected using National Cancer
Institute-CTCAE version 4.0 every 2 weeks starting from the
third week of treatment and continued until progression. At
each visit, AEs were captured using AE terms with the re-
spective SOC, severity grade, and attribution. The trial was
institutional review board–approved and was registered with
ClinicalTrials.gov (identifier: NCT02785952).

Statistical Analysis

The analysis was limited to AEs that were determined to be
possibly, probably, or definitely related to treatment. The
frequency of AEs by severity was calculated and reported.
Per patient, the AEs were then summarized across treat-
ment cycles using all available AE data into the maximal
grade (ie, highest severity grade reported over all available
time points) for each AE term and, separately, into the
maximal grade for each SOC (ie, highest severity grade
reported across AE terms [within each SOC] and available
time points). We calculated the percentage of patients in
each treatment group with maximal AE of grade 1-5 by AE

CONTEXT

Key Objective
To develop methods for visualization of the numerous categorizations and types of adverse events (AEs) along with a dynamic

approach to better reflect its highly dimensional nature without sacrificing the reporting of rare events.
Knowledge Generated
Circular plots displaying the proportion of maximal-grade AEs by system organ classes and butterfly plots displaying the

proportion of AEs by severity for each AE term enable the comparison of AE patterns by treatment. These plots allowed for
the inclusion of mild and moderate AEs and rare events which are often omitted using current descriptive and tabular
approaches.

Relevance
Circular and butterfly plots along with the proposed dynamic approach enable a more comprehensive and intuitive evaluation

of toxicity types by treatment groups. These new proposed approaches can improve our understanding of the toxicity profile
of cancer treatments.
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term and SOC. These data are presented in the traditional
tabular form by treatment arm for all grade 3, 4, or 5
separately, for all grade 1 or higher or grade 2 or higher AEs
with a prevalence of 10% or greater (for presentation
purposes) in at least one treatment group or for all grade 3
or higher AEs combined in both treatment groups. The
frequency of maximal grade across all AE terms and SOCs
was also calculated by severity grade and treatment for
comparison with the data visualization methods.

Data Visualization

Given numerous severity categorizations and types of AEs,
summary of AE counts and percentages can be visualized
in various ways. Maximal grade of AEs by SOC categories
can be visualized using circular plots to display the pro-
portion of AE by severity for each SOC. For visual treatment
comparison, the treatment arms can be displayed side by
side within the same circular plot for each SOC category
using different color schemes for the treatment arms, with
darker color intensity indicating greater AE severity. Alter-
natively, the information can be displayed using two cir-
cular plots side by side with the exactly same position for the
SOC categories using the same color. These graphical
displays are useful to identify differences by SOC categories
that can be grossly compared before consideration of more
granular information on individual AE terms.

To visualize the proportion of AEs by severity with a larger
number of categories, butterfly plots are used to display the
proportion of AEs by severity for each AE term and to allow
the visual comparison of AEs across treatment arms by
mirroring the data across a central axis (either vertically or
horizontally). The bars are sorted on the basis of (in
descending order) the frequency of the events by
SOC—and then by AE term within SOC—in one arm. Color
intensity is used to depict the various grades of toxicity. To
allow for easier visual comparison of the distribution of AEs,
the AE terms are displayed as a legend.

In the dynamic form, once investigators have reviewed all
AE terms, the Web Application allows users to focus on
specific SOC categories and to select the severity grades
they would like to view. In this more detailed view of specific
SOC categories, the Web Application displays the tabular
form of the data including the count and frequency of the
events next to the graph. We have created a GitHub Re-
pository that includes the link to the Web R Shiny appli-
cation, the code, the instructions for creating and
customizing the plots, and sample data sets.9

Visualization of AE Resolution

Butterfly plots can also be used to display, for each AE term,
the proportion of AEs for which the designation of severity is
not resolved by the last follow-up and to allow the visual
comparison of AE resolution by treatment arms. The bars
are then sorted on the basis of (in descending order) the
frequency of the nonresolved AE by SOC—and then by AE
term within SOC. The GitHub repository includes code on

how to format and visualize the data for AE resolution, along
with an example.

RESULTS

Of the 252 eligible patients, a total of 8,301 treatment-
related AEs were reported (6,354 grade 1, 1,693 grade 2,
230 grade 3, 21 grade 4, and 3 grade 5). One hundred
ninety-three AE terms were observed across 22 SOC cat-
egories. Of these, only 19 AE terms of any grade (grade ≥1)
occurred in at least 10% of patients in at least one treat-
ment arm and only five AE terms of grade 2 or higher
occurred in at least 10% of patients in at least one of the
treatment arms (fatigue, anemia, anorexia, dyspnea, and
hypothyroidism). Grade 3 or higher toxicities were reported
for 69 of the AE terms, with six occurring in at least 5%
(fatigue, hyponatremia, AST increased, lipase increased,
lung infection, and pneumonitis) and 31 occurring in at
least 1% of patients in at least one treatment arm.

Tabular Form

In the original manuscript for S1400I, the reporting of AEs
consisted of the comparison between the ipilimumab plus
nivolumab and the nivolumab arms using tables and text.7

More specifically, the manuscript reported in the text the
proportion of patients with grade 3 or higher treatment-
related AEs (39.5% nivolumab plus ipilimumab v 33.3%
nivolumab) and treatment-related deaths. Moreover, the
manuscript provided a table with the frequency of grade 3,
4, and 5 events as well as the frequency of grade 3 or higher
events for the 22 treatment-related AEs with a prevalence of
at least 5% or at least one grade 4 or 5 event. The pub-
lication also highlighted the frequency of the two most
common grade 3 or higher treatment-related AEs in pa-
tients who received either treatment, which were fatigue
(8.9% v 5.7%) and pneumonitis (7.3% v 4.9%). Given that
this was an immunotherapy trial, the manuscript also re-
ported the information for immune-related events and
provided a bar graph of the number of immune-related AEs
by grade and treatment in the supplementary materials.

In addition to the tables provided in the original publication
of the trial, other potential tabular descriptions of the data
include a list with the frequency of all 31 AE types of grade 3
or higher AEs occurring in at least 1% of patients by
treatment (Appendix Table A1) to provide a more com-
prehensive list of AEs and a table of all AEs grade 1 or higher
or grade 2 or higher AEs occurring in at least 10% of the
patients in at least one arm, for providing a sense of rate of
moderate and mild AEs (Appendix Table A2). The tabular
detailed display of the data, in general, suggests that the
prevalence of specific grade 3 or higher toxicities was low
and was slightly higher by 1%-3% or similar between
treatment arms. The prevalence of the most common grade
2 or higher AEs was also similar between the two arms,
except for hypothyroidism that occurred more commonly in
the nivolumab plus ipilimumab arm (12% v 4.7%).
Moreover, the occurrence of the most common AEs of any
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grade was, in general, similar, with the exception of eight
AEs, which differed by 5% or more between the two
treatments (maculopapular rash [24% v 9.4%], anorexia
[23.2% v 18.1%], pruritus [21.6% v 14.2%], hypothy-
roidism [17.6% v 11%], increased alkaline phosphate
[13.6% v 7.1%], increased ALT [13.6% v 5.5%], increased
AST [12.8% v 6.3%], and hypoalbuminemia [11.2% v
16.5%]). For each of these (except for hypoalbuminemia),
the AEs were more common for patients treated with
nivolumab in combination with ipilimumab.

Graphics Displays

Circular plots. To illustrate the novel visualization ap-
proaches proposed, we first constructed circular plots for
SOC categories for grade 3 or higher AEs. Given the sparsity
of events across many AE terms, by summarizing the
maximal AE across the SOC, we now do not overlook the 41
AEs terms which occurred in ,1% of patients. These
additional AEs are now aggregated and included into their
respective SOC categories. Figure 1 displays the proportion
of maximal grade of AEs for grade 3 or higher AEs, with one
circular plot differentiating treatment arms using color. The
side-by-side bars display allows for an easy comparison of
the height of the bars by treatment arms and the proportion
of AEs by severity. On the basis of the height of the bar, in
this graph, we can visually observe that patients in the
nivolumab and ipilimumab arm reported higher rates of
grade 3 or higher AEs compared with nivolumab for in-
vestigations (12.0% v 8.7%), respiratory (12.0% v 7.1%),
general (9.6% v 5.5%), musculoskeletal (5.6% v 0.8%),
skin (5.6% v 0.8%), vascular (5.6% v 1.6%), blood (3.2% v
0.8%), psychiatric (4% v 2.4%), and cardiac (4% v 1.6%)
toxicities. Moreover, patients treated with nivolumab plus
ipilimumab also experienced more higher-grade AEs for

many SOC categories, as illustrated by the darker color
shades for reds compared with blues. Figure 2 displays the
same information using a side-by-side display of circular
plots. These SOC circular graphs can also be generated for
grade 2 or higher AEs and grade 1 or higher AEs (Fig 3).
Here, it is more apparent that patients in the nivolumab and
ipilimumab arm also had higher prevalence of mild in-
vestigations and moderate general SOC categories, but
particularly moderate or higher GI (23.2% v 16.5%), skin
(14.4% v 7.9%), and endocrine (15.2% v 6.3%) toxicities,
whereas the nivolumab arm had higher rates of moderate
respiratory toxicities. A similar interpretation can be made
with respect to grade 3 or higher AEs. To more finely
evaluate the particular AEs within these particular cate-
gories, we proposed the use of butterfly plots below.

Butterfly plots. The proportion of AEs by severity for SOC
categories can also be displayed using butterfly plots
(Fig 4). Figure 4 shows that the AE profiles of the two
treatments are different with nivolumab plus ipilimumab
having a higher proportion of grade 3 or higher AEs for
various SOCs and a higher proportion of grade 4 AEs. A
butterfly plot may be useful when the number of categories
to display is large. Figure 5 shows the proportion of AEs by
severity for all 69 AE terms with at least one grade 3 or
higher event and provides—at even just a quick glance—a
more complete understanding of the differences in the
distribution of AEs by arm. For example, although the
proportion of patients with generalized muscle weakness
was only slightly higher in the nivolumab plus ipilimumab
arm compared with nivolumab, patients who received
nivolumab plus ipilimumab also reported other grade 3
musculoskeletal AEs such as arthralgia, myalgia, and
myositis; these AEs were not observed among patients in
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the nivolumab arm. Similarly, for skin AEs, although the
proportion of patients with maculopapular rash was only
slightly higher in the nivolumab plus ipilimumab arm
compared with nivolumab, patients who received nivolu-
mab plus ipilimumab also reported other grade 3 skin AEs
such as pruritus, erythroderma, edema, and other skin
disorders, which were not observed among patients in the
nivolumab arm. It is alsomore readily apparent that patients
treated with nivolumab plus ipilimumab experienced four
grade 4 cardiac events (one each of AV block, cardiac
arrest, heart failure, and myocarditis) compared with none
among patients treated with nivolumab alone. This graph
also allows us to visualize SOC categories with similar rates
by arm overall, but comprise different AEs within the SOC.
For example, although the proportion of grade 3 or higher
nervous system AEs was similar between the groups, the
types of events were discordant, stroke, and syncope
among patients treated with nivolumab plus ipilimumab,
compared with headache and memory impairment among
patients treated with nivolumab.

Butterfly plots can be used for even higher-dimensional
data. For instance, all grade 2 or higher AEs can be readily
displayed (Appendix Fig A1). Such depictions can be
used to examine and report a large number of AE terms in
a concise manner. This type of graphical display would
also be appropriate to use dynamically within the Web
Application to identify, at a glance, patterns of AEs that
may differ between treatments, which may also point to
subsequent statistical testing. For example, from these
plots, we see that the increase in moderate AEs in the
general category was due to higher frequency in not only
fatigue, which was present in both arms, but also edema,

malaise, and fever, which were only present in the nivo-
lumab plus ipilimumab arm.

DISCUSSION

The analysis and reporting of AEs for most clinical trials is
largely descriptive and tabular, with an emphasis on in-
dividual and common AEs. The increased use of newer
cancer treatments—which are associated with distinct and
sometimes rare events—necessitates more modern ap-
proaches for the reporting of AEs, with the ultimate goal of
improving the interpretation of study results. We propose
novel data visualization methods that better reflect the high
dimensionality of AE data without sacrificing the reporting
of rare events. These graphical tools are important aids for
better understanding the differences in the types of AEs by
treatment that tabular and descriptive reporting methods
may not provide.

The outputs from our R Shiny Web Application provide
quick, at-a-glance treatment comparisons through data
visualization and comprehensive visual comparison of all
reported AEs. In addition to the outputs, the application
also allows for dynamic setting of various criteria to hone
in on specific SOCs and to constrain to higher-grade AEs.
For instance, in our case example using data from
S1400I, our approach of first displaying the maximal
grade of AEs by SOCs identified treatment differences that
were not readily apparent in tabular format given the
sparsity of the AEs in this trial. We have introduced several
approaches for visualizing the high dimensionality of AEs,
and the selection of the optimal graph will depend on the
treatment setting. These graphical displays are aimed to
improve our overall understanding of the toxicity profile of
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treatments to aid in toxicity mitigation and guide practi-
tioners and patients in their decision making process. The
web application is straight forward, and an input data set
can be easily formatted for use with the graphical tools.

Given the complexity and high dimensionality of AE data, it
is necessary to adopt innovative methods for analysis and
reporting to more clearly interpret and compare the AE
profiles of novel cancer treatments. The proposed visu-
alization methods can be applied in practice for the
reporting of AE data for both data monitoring purposes

and publications. Among the barriers to the adoption of
novel methods is the availability of tools for their imple-
mentation. Thus, we have developed a web application
and a GitHub repository with the code. Moreover, these
methods were developed with feedback from a compre-
hensive set of stakeholders including statisticians, clini-
cians, clinical trialists, and patient advocates, improving
the likelihood that they will be used in practice. Recom-
mendations for the use of these novel AE visualization
methods by regulatory agencies and journals would fur-
ther enhance their adoption.
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This article focuses on the visualization of occurrence of the
various types of AEs. However, an important limitation is that
our method does not incorporate the duration of AEs. More
research is needed to evaluate methods for analyzing and
visualizing the duration of toxicity and the inclusion of
patient-reported outcomes in addition to physician-reported

outcomes to provide an inclusive and complete picture of the
toxicity profile of treatments. The analysis and visualization of
duration of toxicity will require time-to-event approaches
given that patients may be censored. In addition, statistical
tests are generally not performed for the comparison of AEs
by treatment given the sparseness of the data particularly for
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individual events, the need for a large number of tests, and
the issueswithmultiple comparisons. Thus,more research is
needed to develop methods for statistically testing differ-
ences in aggregate patterns of AEs between arms. While our
methods have been developed for the comparison of
treatments, they could also be used for early-stage single-

arm trials. Applying these innovations in the analysis and
visualization of AE data earlier in the drug development
process could improve our understanding of the overall
toxicity profile of treatments. These methods can also be
applied in postmarketing settings to systematically evaluate
the toxicity profile of treatments.
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FIG 5. Butterfly plot for system organ classes categories and AE terms by treatment for grade 3 or higher AEs. AE, adverse event.
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FIG A1. Butterfly plot for system organ class categories and AE terms by treatment for grade 2 or higher AEs. AE, adverse event.
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TABLE A1. Frequency of Grade 3 or Higher Treatment-Related AEs With a
Prevalence of Greater Than 1% in at Least One Arm by Treatment

AE
Nivolumab Plus Ipilimumab,

No. (%) Nivolumab, No. (%)

Fatigue 11 (8.8) 7 (5.5)

Hyponatremia 7 (5.6) 3 (2.4)

AST increased 6 (4.8) 2 (1.6)

Lipase increased 6 (4.8) 1 (0.8)

Pneumonitis 6 (4.8) 6 (4.7)

ALT increased 5 (4) 2 (1.6)

Dyspnea 5 (4) 5 (3.9)

Anemia 4 (3.2) 1 (0.8)

Hypertension 4 (3.2) 1 (0.8)

Diarrhea 3 (2.4) 1 (0.8)

Generalized muscle
weakness

3 (2.4) 1 (0.8)

Hypokalemia 3 (2.4) 3 (2.4)

Lymphocyte count
decreased

3 (2.4) 4 (3.1)

Maculopapular rash 3 (2.4) 1 (0.8)

Alkaline phosphatase
increased

2 (1.6) 2 (1.6)

Anorexia 2 (1.6) 2 (1.6)

Arthralgia 2 (1.6) 0 (0)

Confusion 2 (1.6) 0 (0)

Dehydration 2 (1.6) 0 (0)

Hypercalcemia 2 (1.6) 0 (0)

Hypoalbuminemia 2 (1.6) 0 (0)

Hypotension 2 (1.6) 0 (0)

Hypoxia 2 (1.6) 1 (0.8)

Lung infection 2 (1.6) 6 (4.7)

Pruritus 2 (1.6) 0 (0)

Respiratory/thoracic/
mediastinal ds

2 (1.6) 1 (0.8)

Serum amylase increased 2 (1.6) 1 (0.8)

Skin infection 2 (1.6) 0 (0)

Colitis 1 (0.8) 2 (1.6)

Blood bilirubin increased 0 (0) 2 (1.6)

Nausea 0 (0) 2 (1.6)

Abbreviation: AE, adverse event.
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TABLE A2. Frequency of Grade 1 or Higher and Grade 2 or Higher Treatment-Related AEs With a Prevalence of Greater Than 10% in at Least
One Arm by Treatment

AE

Grade 1 or Higher, No. (%) Grade 2 or Higher, No. (%)

Nivolumab Plus Ipilimumab Nivolumab Nivolumab Plus Ipilimumab Nivolumab

Fatigue 60 (48.0) 62 (48.8) 41 (32.8) 36 (28.3)

Anemia 32 (25.6) 28 (22.0) 16 (12.8) 17 (13.4)

Nausea 31 (24.8) 31 (24.4)

Maculopapular rash 30 (24.0) 12 (9.4)

Anorexia 29 (23.2) 23 (18.1) 13 (10.4) 12 (9.4)

Pruritus 27 (21.6) 18 (14.2)

Dyspnea 23 (18.4) 24 (18.9) 13 (10.4) 17 (13.4)

Diarrhea 22 (17.6) 25 (19.7)

Hypothyroidism 22 (17.6) 14 (11) 15 (12) 6 (4.7)

Hyponatremia 18 (14.4) 15 (11.8)

Alkaline phosphatase
increased

17 (13.6) 9 (7.1)

ALT increased 17 (13.6) 7 (5.5)

AST increased 16 (12.8) 8 (6.3)

Weight loss 15 (12) 16 (12.6)

Hypoalbuminemia 14 (11.2) 21 (16.5)

Hypomagnesemia 14 (11.2) 14 (11.0)

Arthralgia 13 (10.4) 9 (7.1)

Cough 11 (8.8) 13 (10.2)

Lymphocyte count
decreased

7 (5.6) 13 (10.2)

Abbreviation: AE, adverse event.
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