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Abstract
Immunotherapy became a key pillar of cancer therapeutics with the approvals of 
ipilimumab, nivolumab, and pembrolizumab, which inhibit either cytotoxic T- 
lymphocyte antigen- 4 (CTLA- 4) or programmed death- 1 (PD- 1) that are negative 
regulators of T- cell activation. However, boosting T- cell activation is often accom-
panied by autoimmunity, leading to adverse drug reactions (ADRs), including 
high grade 3– 4 colitis and its severe complications whose prevalence may reach 
14% for combination checkpoint inhibitors. In this research, we investigated 
how mechanistic differences between anti- CTLA- 4 (ipilimumab) and anti- PD- 1 
(nivolumab and pembrolizumab) affect colitis, a general class toxicity. The data 
analytical platform Molecular Health Effect was utilized to map population ADR 
data from the US Food and Drug Administration (FDA) Adverse Event Reporting 
System to chemical and biological databases for hypothesis generation regarding 
the underlying molecular mechanisms causing colitis. Disproportionality analy-
sis was used to assess the statistical relevance between adverse events of inter-
est and molecular causation. We verified that the anti- CTLA- 4 drug is associated 
with an approximately three- fold higher proportional reporting ratio associated 
with colitis than those of the anti- PD- 1 drugs. The signal of the molecular mecha-
nisms, including signaling pathways of inflammatory cytokines, was statistically 
insignificant to test the hypothesis that the severer rate of colitis associated with 
ipilimumab would be due to a greater magnitude of T- cell activation as a result of 
earlier response of the anti- CTLA- 4 drug in the immune response. This patient- 
centered systems- based approach provides an exploratory process to better un-
derstand drug pair adverse events at pathway and target levels through reverse 
translation from postmarket surveillance safety reports.
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INTRODUCTION

After a long battle vindicating its effectiveness, immunother-
apies became one of the key pillars in cancer therapy with 
the approval, first, of ipilimumab to treat late- stage (meta-
static) melanoma (March 25, 2011),1 and later, nivolumab 
(December 22, 2014)2 and pembrolizumab (September 4, 
2014)3 for patients with unresectable and metastatic mela-
noma who are no longer responding to other drugs. The US 
Food and Drug Administration (FDA) has further approved 
these drugs for other indications, including lung cancer and 
metastatic renal cell carcinoma. These are monoclonal anti-
bodies that inhibit either cytotoxic T- lymphocyte antigen- 4 
(CTLA- 4) or programmed death- 1 (PD- 1): ipilimumab in-
hibits CTLA- 4 and the others inhibit PD- 1.4 Both CTLA- 4 
and PD- 1 are negative regulators of T- cell activation. Thus, 
the immunotherapy drugs boost the immune system by 
increasing T- cell activation, and thus enhance anti- tumor 
responses (Figure 1). Yet, the battle with immunotherapies 
still confronts many challenges given the high variabilities 
in their exposure- response patterns, benefit- risk ratios, and 
safety profiles.5 Sources of this high variability lie within the 
genetics of cancer as well as in the heterogeneous inter-  and 
intrapatient variability in tumor expression and in the re-
sponse to therapies.6

In a systems pharmacology view of a drug action, 
a drug interacts with multiple primary and secondary 

targets and pathways. These targets exist within a complex 
network that can mediate the response to the drug leading 
to both the therapeutic and adverse effects. Systems- based 
approaches can improve drug safety by enabling a more 
detailed and mechanistic understanding of adverse drug 
reactions (ADRs), which can provide feedback on how to 
mitigate future risks by rendering causal hypotheses and 
identifying biomarkers that can be used to predict ADRs 
before they occur, by delineating a strategy for targeting 
high- risk adverse events in clinical or postmarketing sur-
veillance analysis, and by stratifying a population at the 
molecular level to identify risks for a particular ADR.

This paper presents an application following our previ-
ous proof- of- concept study7 for a detailed investigation of 
adverse events by back translating ADR reports from the 
FDA Adverse Event Reporting System (FAERS)8 to molec-
ular pathway and target levels using the analytical platform 
Molecular Health Effect (MH Effect). Although it is known 
that boosting T- cell activation by downregulating CTLA- 4 
and PD- 1 weakens the self- tolerance causing autoimmunity 
or inflammation, leading to colitis, which is one of the major 
ADRs induced by immunotherapies (Figure 1), the mecha-
nism of immune- mediated colitis from immune checkpoint 
inhibitors is not fully understood.9– 11 In this research, we 
particularly focused on the mechanistic differences between 
CTLA- 4 and PD- 1 immune checkpoint inhibitors with re-
spect to the incidence of colitis.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
A key mechanism of action of the immunotherapies is to stimulate the immune 
system to help it recognize and attack cancer cells. The immune checkpoint inhib-
itors target CTLA- 4 and PD- 1, which act to control the tolerance of the immune 
system. However, boosting T- cell activation by applying immune checkpoint in-
hibitors often leads to adverse drug reactions (ADRs) including colitis.
WHAT QUESTION DID THIS STUDY ADDRESS?
By mapping pharmacovigilance and molecular descriptor data, several hypoth-
eses were generated and tested regarding the underlying molecular mechanisms 
of immunotherapy- induced colitis.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
It was confirmed that downregulation of CTLA- 4 would be more toxic with re-
spect to colitis, compared to other pathways downregulating PD- 1. There were 
limited data to confirm whether severer toxicity is observed due to the early re-
sponse of the anti- CTLA- 4 drug.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
This patient- centered systems- based approach could be used to inform drug de-
velopment pipelines through reverse translation from post- market surveillance 
safety reports to the molecular mechanisms and targets of ADR events.
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METHODS

FDA adverse event reporting system

FAERS is a postmarket surveillance database of ADRs 
submitted to the FDA.8,12 It provides a rich source of 
ADR information submitted voluntarily by drug manu-
facturers, healthcare professionals, and consumers in the 
United States. Over 19,750,000 ADR reports were submit-
ted from 1969 to the present, and the number of reports 
increase yearly.8 The ADR reports are evaluated by clini-
cal reviewers before being publicly released on a quarterly 
basis by the FDA.

Molecular health effect

The MH Effect is a data warehouse platform that con-
tains and maps the population ADR data from FAERS 
with protein information, molecular targets and pathway 
data (Figure  2). It enables a comprehensive analysis of 
molecular targets and mechanisms associated with ADRs 
to untangle the complexity of the underlying molecular 
mechanisms of spontaneous ADRs.13,14 Protein and path-
way mappings are established based on information of 
entries from resources such as DrugBank,15 PubChem,16 
UniProt,17 NCI- Nature,18 Reactome,19 and BioCarta.20

In MH Effect version 1.7 used for this study, FAERS 
data were included up to Q4/2019. Reported ADRs associ-
ated with the immunotherapy drugs, namely, ipilimumab, 
nivolumab, and pembrolizumab, were collected from 
Q3/2015 to Q4/2019. Data were collected from ~ 6 months 
post the latest approval date among the three investigated 

drugs (i.e., December 22, 2014, for nivolumab) in order to 
reduce statistical bias driven by the gap between the dif-
ferent approval and prescription times among the drugs of 
interest. The cohorts of adverse events that contained the 
respective FAERS cases reporting each drug were deter-
mined by searching over the synonyms of structured med-
ication records that contain both brand and generic drug 
names. For example, searching for either “Nivolumab” or 
its brand name “Opdivo” gives the same search results.

There is a total of eight combinations of cohorts that 
were examined in this analysis. ADR cases associated 
with each of the three investigated drugs were collected 
(cohort A). In the ADR cases associated with ipilimumab, 
one subset of cases was reported with nivolumab in com-
bination (cohort A). In order to focus on molecular tar-
gets and mechanisms that might be synergistic to increase 
immunotherapy drug- induced colitis, we further explored 
subsets of all four drug combinations after filtering out 
cases that do not include colitis among reported ADRs. 
The group of the subsets including colitis as one of the 
ADRs are referred to as cohort B in order to distinguish 
from cohort A in this paper (i.e., cohort A ⊃ cohort B).

Disproportionality analysis

The proportional reporting ratio (PRR) was used to as-
sess the statistical relevance between the query entity and 
events of interest.21 The PRR, commonly used in phar-
macovigilance (PhVg), is one of the methods of dispro-
portionality analysis that have the advantage of reducing 
uncertainty from the spontaneously reported data. MH 
Effect calculates the PRR according to its definition which 

F I G U R E  1  Overview of the mechanisms of action and toxicity. (a) Mechanistic differences between CTLA- 4 and PD- 1.11,12 (b) The 
immune- mediated toxicity, colitis, and the mechanism of action of the immune checkpoint inhibitors. Created in BioRender.com
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F I G U R E  2  Overview of analysis workflow using Molecular Health Effect. This figure was adapted from Schotland et al.42 ADR, adverse 
drug reaction; AE, adverse event; ATC, Anatomic Therapeutic Chemical; PRR, proportional reporting ratio

Drug(s)
N of all 
ADRs

N including 
colitis

PRR associated with 
colitis (95% CI)

Ipilimumab 14,448 1053 45.99 (43.31– 48.82)

Nivolumab 41,783 1144 17.32 (16.33– 18.37)

Pembrolizumab 19,022 404 12.96 (11.76– 14.29)

Ipilimumab + nivolumab 9864 613 38.35 (35.48– 41.46)

Abbreviations: ADR, adverse drug reaction; CI, confidence interval; N, number of case reports; PRR, 
Proportional Reporting Ratio and Data collection period, Q3/2015 to Q4/2019.

T A B L E  1  Safety assessment overview 
presenting statistical associations between 
drug(s) and colitis

F I G U R E  3  Graphical overview of cohort characteristics. (a) Number of cohort A case reports per year; (b) number of cohort B case 
reports per year; (c) comparison of the PRRs associated with colitis between anti- CTLA- 4 (ipilimumab), anti- PD- 1 (nivolumab and 
pembrolizumab) drugs, and the ipilimumab plus nivolumab regimen –  the dashed line represents PRR = 2.0; and (d) distribution of the 
most severe outcomes in cohort B (namely, “Death,” “Life- Threatening,” and “Disability”) –  a case may have more than one outcome 
reported. Data collection period = Q3/2015 to Q4/2019. PRR, proportional reporting ratio
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is a/(a + b) divided by c/(c + d) where a is the number 
of cases reported with the query entities and events of in-
terest, b is the number of cases reported with the query 
entities and all events except the events of interest, c is 
the number of cases reported with the events of interest 
and all others in the categories of the query entities in the 
database except the query entities, and d is the number of 
cases reported with all events in the database but with-
out the query entities and events of interest.21,22 In addi-
tion, we determined if the signal is statistically significant 
using two traditional PhVg criteria: (1) three or more of 
the number of the ADR case reports and (2) two or greater 
of the lower bound of the 95% confidence interval (CI) of 
the PRR.21

RESULTS

Safety assessment overview

Table 1 presents the safety assessment overview, includ-
ing the total counts of all ADR cases associated with the 
drug name(s) in each cohort during the entire data col-
lection period (i.e., from July 1, 2015, to December 31, 
2019). Although nivolumab was approved most recently, 
the total number of all ADR reports including nivolumab 
is the highest among the four cohorts, followed by pem-
brolizumab, ipilimumab, and the combination regimen of 
ipilimumab plus nivolumab. The number of ADR reports 
increases yearly, but the total ADR report case number 
with nivolumab starts showing a steady- state level start-
ing in 2017 and even shows a slight decreasing annual 
trend (<2%) in 2019 (Figure 3a).

Among the total ADR reports associated with ipili-
mumab, 7.3% include colitis, whereas 2.7% and 2.1% in-
clude colitis among the reports found for nivolumab and 
pembrolizumab, respectively (Table 1). Although the 
number of cases with nivolumab is approximately three- 
fold higher than those with ipilimumab (Figure 3a), the 
counts of colitis cases are similar between these two co-
horts (Figure  3b). All analyzed immunotherapy drugs 
were found to have a statistically significant PRR asso-
ciated with colitis (Table 1) based on the two traditional 
PhVg criteria.21 Figure  3c visualizes this PRR difference 
together with respective confidence intervals among the 
four cohorts. The PRR of the anti- CTLA- 4 drug (i.e., ipili-
mumab) is approximately three times higher than those 
of anti- PD- 1 drugs (i.e., nivolumab or pembrolizumab). 
The PRR of the combination regimen of anti- CTLA- 4 and 
anti- PD- 1 drugs (i.e., ipilimumab plus nivolumab) is be-
tween those of anti- CTLA- 4 drug and anti- PD- 1 drugs. In 
an attempt to measure the severity of those cases, we re-
trieved the number of ADR cases that reported “Death,” 
“Life- threatening,” or “Disability” as patient outcomes 
(Figure 3d). Of these three, death was the main outcome 
reported in cohort B (14– 19%), as compared to the 8– 10% 
and 2– 3% of life- threatening and disability outcomes, 
respectively.

Protein and pathway mapping

Inflammatory signaling pathways

Molecular signaling pathways, which play a key role in 
inflammation including inflammatory cytokines, were 
found and classified into pro- , anti- , or pro-  and anti- 
inflammatory signaling based on published studies ex-
tracted from PubMed (Table 2).23– 39 We found, using 
the protein and pathway mapping analysis in MH 
Effect, that colitis is directly related to intestinal in-
flammation from CTLA- 4 or PD- L1 blocking drugs. In 
cohort B, which contains colitis in the list of reactions 
of all case reports, the PRRs of the  pro- inflammatory 
signaling pathways were higher compared to the cor-
responding values in cohort A (Table 3), whereas the 
PRRs of the anti- inflammatory signaling pathways 
were lower compared to the corresponding values in 
cohort A (Table 3). However, the signals of the mo-
lecular mechanisms found in MH Effect meet the 
traditional PhVg criteria partially to be statistically 
significant.21 The number of the ADR case reports is 
three or more (i.e., fulfill the first criterion), but the 
lower bound of the 95% CI of the PRR is not greater or 
equal to two (i.e., does not satisfy the second criterion) 
in all the explored cohorts (Table 3).

T A B L E  2  Classification of inflammatory signaling

Signaling type

Pro- inflammatory 
signaling

IFNα23,24

IFNγ24- 26

IL123,24

IL623,24,27

IL824,28

TNFα23,29

Anti- inflammatory 
signaling

IFNβ25,26,30

IL1223

Pro and anti- 
inflammatory 
signaling

IL2 (pro,31 pro and anti32)

IL23 (pro,33 anti23)

IL27 (pro and anti34)

PI3K (pro,35,36 anti,37,38 pro and anti39)

mTOR (pro and anti39)

Abbreviations: IFN, interferon; IL, interleukin; mTOR, mammalian target of 
rapamycin; PI3K, phosphoinositide 3- kinase; TNF, tumor necrosis factor.
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Early stage of immune response

The molecular mechanisms related to the early stages of 
immune response show similar values of the PRRs among 
all explored cohorts (Table 4). The PRRs, however, did not 
fully satisfy the criteria to be statistically significant. The 
number of the ADR case reports is three or more (i.e., ful-
fill the first criterion), but the lower bound of the 95% CI of 
the PRR is not greater or equal to two (i.e., does not satisfy 
the second criterion) in all the explored cohorts (Table 4).

DISCUSSION

In this paper, the three negative regulators of T- cell acti-
vation, ipilimumab, nivolumab, and pembrolizumab, were 
compared with respect to the incidence of colitis as an 
ADR. Molecular mechanisms underlying immunotherapy- 
induced colitis were also investigated. For this study, the 

T A B L E  3  Protein and pathway mapping on pro-  and  
anti- inflammatory signaling pathways

Drug
Total N of 
ADR cases PRR

95% CI 
PRR

Pro- inflammatory signaling

IL1- mediated signaling events

Cohort A

Ipilimumab 751 0.7 0.65– 0.75

Nivolumab 1963 0.63 0.6– 0.66

Pembrolizumab 828 0.59 0.55– 0.63

Ipilimumab + 
nivolumab

606 0.83 0.77– 0.89

Cohort B

Ipilimumab 64 0.82 0.65– 1.04

Nivolumab 76 0.89 0.72– 1.11

Pembrolizumab 27 0.9 0.62– 1.3

Ipilimumab + 
nivolumab

51 1.12 0.86– 1.46

IL6- mediated signaling events

Cohort A

Ipilimumab 942 0.55 0.51– 0.58

Nivolumab 2785 0.56 0.54– 0.58

Pembrolizumab 1417 0.62 0.59– 0.66

Ipilimumab + 
nivolumab

760 0.65 0.6– 0.69

Cohort B

Ipilimumab 70 0.56 0.44– 0.7

Nivolumab 98 0.72 0.59– 0.87

Pembrolizumab 46 0.95 0.73– 1.25

Ipilimumab + 
nivolumab

57 0.78 0.61– 1.0

TNF receptor signaling pathway

Cohort A

Ipilimumab 1212 0.45 0.43– 0.48

Nivolumab 3175 0.41 0.4– 0.43

Pembrolizumab 1333 0.38 0.36– 0.4

Ipilimumab + 
nivolumab

982 0.54 0.51– 0.57

Cohort B

Ipilimumab 110 0.57 0.47– 0.68

Nivolumab 139 0.66 0.56– 0.77

Pembrolizumab 43 0.58 0.43– 0.77

Ipilimumab + 
nivolumab

85 0.75 0.62– 0.92

Anti- inflammatory signaling

IL12- mediated signaling events

Cohort A

Ipilimumab 623 0.6 0.56– 0.65

Nivolumab 1964 0.65 0.63– 0.68

Drug
Total N of 
ADR cases PRR

95% CI 
PRR

Pembrolizumab 1055 0.77 0.73– 0.82

Ipilimumab + 
nivolumab

538 0.76 0.7– 0.82

Cohort B

Ipilimumab 38 0.5 0.37– 0.69

Nivolumab 53 0.65 0.5– 0.84

Pembrolizumab 20 0.69 0.45– 1.06

Ipilimumab + 
nivolumab

35 0.8 0.58– 1.1

The information processing pathway at the IFN beta 
enhancer

Cohort A

Ipilimumab 2221 1.25 1.2– 1.3

Nivolumab 5255 1.02 0.99– 1.05

Pembrolizumab 1898 0.81 0.78– 0.84

Ipilimumab + 
nivolumab

1867 1.54 1.47– 1.6

Cohort B

Ipilimumab 178 1.37 1.2– 1.57

Nivolumab 209 1.48 1.31– 1.68

Pembrolizumab 56 1.12 0.88– 1.43

Ipilimumab + 
nivolumab

140 1.85 1.6– 2.14

Note: Data collection period, Q3/2015 to Q4/2019.
Abbreviations: ADR, adverse drug reaction; and IFN, interferon; CI, 
confidence interval; CXCR1, IL8 receptor alpha; CXCR2, IL8 receptor beta; 
IL, interleukin; N, number of case reports; PRR, Proportional Reporting 
Ratio; TNF, tumor necrosis factor.

T A B L E  3  (Continued)
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data warehouse platform MH Effect was used, which links 
each ADR report from FAERS to associated biomolecules 
and molecular mechanisms.13,14 Disproportionality analy-
sis using the PRR metric was applied to quantitatively 
measure the statistical relevance between the ADR of inter-
est (i.e., colitis), and the three drugs selected for the safety 
assessment overview (Table 1 and Figure 3). The PRR was 

also applied to investigate the statistical relevance between 
colitis and molecular mechanisms in each cohort (Tables 3 
and 4). Investigated cohorts referred to events between July 
1, 2015, and December 31, 2019.

Our safety assessment overview (Table 1 and Figure 3) 
shows that the anti- CTLA- 4 drug (i.e., ipilimumab) has 
a stronger association with colitis than anti- PD- 1 drugs 
(i.e., nivolumab and pembrolizumab). This finding is in 
line with the review by Som et al., which compared per-
centage ranges of all grade immune- related common ad-
verse events, including colitis, due to each of the different 
classes of the checkpoint inhibitors.40

The key mechanism of action of immunotherapies is 
to stimulate the immune system by blocking signaling via 
either CTLA- 4 or PD- 1 pathways to help recognize and 
promote an antitumor immune response.39,40 The immune 
checkpoint inhibitors target CTLA- 4 and PD- 1, which act 
to control the tolerance of the immune system.11 Therefore, 
boosting T- cell activation using immune checkpoint inhib-
itors could weaken immunological self- antigens (i.e., toler-
ance), leading to ADRs, including colitis.38,41 Our protein 
and pathway analysis revealed that for most examined 
associations the PRRs did not satisfy the set PhVg crite-
ria regarding statistical significance. Yet, results support 
the connection between colitis and inflammatory signal-
ing pathways (Table 3). We further tested the hypothesis 
that CTLA- 4 and PD- 1 would regulate T- cell activation at 
different time periods; downregulation by CTLA- 4 might 
occur at the early stage, whereas PD- 1 would act late.11,38 
However, there was no clear difference observed in the mo-
lecular mechanisms of the early stage of immune response 
for anti- CTLA- 4, as compared to anti- PD- 1 drugs (Table 
4). In Tables 3 and 4, there were minor differences consis-
tently observed between the results for cohorts A and B. 
However, these could also be “circumstantial,” attributed 
to the smaller number of cases in cohort B.

Lack of data regarding the exact chronological admin-
istration of therapies or the degree of severity may partly 
explain inconclusive findings, as well as reduced numbers 
of events reported in some cases. As previously noted in 
our proof- of- concept case study using the same approach,7 
there are several limitations of our study mainly driven by 
the structure and de facto content of FAERS data, which 
may among others include possible misstatement of in-
dications, sparse of partly reported information, lack of 
details regarding condition severity (or grading), ADR 
reporting bias, co- administered medications and other 
difficulties in the risk assessment of drugs, and the estab-
lishment of a causal relationship with a given ADR.41– 45 In 
the current study, for example, important (but largely or 
completely) inaccessible information with respect to pre-
vious immuno- oncological exposure, specific treatment 
regimen timings, time to onset, or ADR- specific outcome 

T A B L E  4  Protein and pathway mapping on early stage of 
immune response

Drug

Total N 
of ADR 
cases PRR

95% CI 
PRR

TCR signaling in naïve CD8+T cells

Cohort A

Ipilimumab 689 0.57 0.53– 0.62

Nivolumab 1866 0.54 0.51– 0.56

Pembrolizumab 912 0.58 0.54– 0.62

Ipilimumab + nivolumab 548 0.67 0.62– 0.73

Cohort B

Ipilimumab 52 0.6 0.46– 0.78

Nivolumab 71 0.75 0.6– 0.94

Pembrolizumab 23 0.69 0.46– 1.02

Ipilimumab + nivolumab 39 0.77 0.57– 1.04

TCR signaling in naïve CD4+T cells

Cohort A

Ipilimumab 726 0.58 0.54– 0.62

Nivolumab 2073 0.57 0.55– 0.59

Pembrolizumab 918 0.55 0.52– 0.64

Ipilimumab + nivolumab 584 0.68 0.63– 0.74

Cohort B

Ipilimumab 52 0.57 0.44– 0.74

Nivolumab 77 0.77 0.62– 0.96

Pembrolizumab 23 0.65 0.44– 0.97

Ipilimumab + nivolumab 39 0.73 0.54– 0.99

Immunoregulatory interactions between a lymphoid and a non- 
lymphoid cell

Cohort A

Ipilimumab 664 0.37 0.35– 0.4

Nivolumab 2142 0.41 0.4– 0.43

Pembrolizumab 872 0.37 0.35– 0.4

Ipilimumab + nivolumab 500 0.41 0.38– 0.45

Cohort B

Ipilimumab 39 0.3 0.22– 0.41

Nivolumab 56 0.4 0.31– 0.51

Pembrolizumab 27 0.54 0.38– 0.78

Ipilimumab + nivolumab 21 0.28 0.18– 0.42

Abbreviations: ADR, adverse drug reaction; CI, confidence interval; N, 
number of case reports; PRR, Proportional Reporting Ratio and Data 
collection period, Q3/2015 to Q4/2019.
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data would provide additional critical information of great 
relevance to the assessment of our findings. Therefore, 
based only on the available data our findings do not neces-
sarily indicate or prove the tested hypothesis, according to 
which the anti- CTLA- 4 drug could induce a more severe 
rate of colitis than anti- PD- 1 drugs due to a greater magni-
tude of T- cell activation as a result of the early response of 
the anti- CTLA- 4 drug in the immune response.

We expect that in the future, when more detailed ad-
verse event data options will become available, we will 
be able to examine more immunotherapy specific intri-
cacies, such as (previous) patient condition (e.g., cyto-
kine release syndrome), monotherapy consideration, or 
co- administration with other immunosuppressive drugs 
(e.g., IL6 inhibitors, such as siltuximab and/or anti- IL6R 
monoclonal antibodies such as tocilizumab), other (pre- ) 
treatment history metrics that may affect molecular com-
ponents (like interference from steroids, T- cell activity, 
interleukin/cytokine levels, and inflammatory signaling), 
and severity at the ADR rather than at the patient level 
only (e.g., outcomes). Nonetheless, we find that our cur-
rent dataset was largely representative of immunotherapy 
with the examined agents, based on reports coming from 
skilled experts (Figure S1 and Table S1).

Finally, at the time our analysis took place, we could 
benefit from FAERS data released only until Q4/2019. 
Hence, our work highlights the importance and value of 
the significant efforts put into integrating and updating 
adverse event data into platforms that allow accommodat-
ing feasible, systematic analytics over these large data sets.

In conclusion, we applied the established patient- 
centered systems- based approach7 of reverse translation 
of adverse event reports to immunotherapy- induced coli-
tis. Although data limitations (e.g., lack of information 
regarding details on some aspects, or reduced adverse 
event numbers) prevented us from assessing whether 
more severe toxicity may relate to the early response of the 
anti- CTLA- 4 drug46 or may have deemed some findings 
statistically insignificant, safety profiling at the drug level 
provided clear trends towards the observation that down-
regulation of T- cell activation via the CTLA- 4 checkpoint 
pathway may increase toxicity and induce colitis, as com-
pared to other checkpoint pathways downregulating PD- 
1. Importantly, our safety profiling methodology may be 
applied to other drugs or novel therapeutics under devel-
opment with similar molecular mechanisms. With much 
effort being made to improve the accuracy of safety evalu-
ation using data from spontaneous reporting databases,47 
we find that this patient- centered systems- based approach 
could be used to further inform drug development pipe-
lines through reverse translation from postmarket sur-
veillance safety reports to the molecular mechanisms and 
targets of ADR events.

ACKNOWLEDGEMENT
The authors would like to acknowledge David Jackson 
from Molecular Health Effect for his generous support of 
this research and software access.

CONFLICT OF INTEREST
The authors declared no competing interests for this work.

AUTHOR CONTRIBUTIONS
S.K., G.L., M.V., D.B.J., T.G.S., L.J.L., and M.N.T. wrote the 
manuscript. S.K., L.J.L., and M.N.T. designed the research. 
S.K. and M.N.T. performed the research. S.K., G.L., M.V., 
D.B.J., T.G.S., L.J.L., and M.N.T. analyzed the data. D.B.J. 
and T.G.S. provided new reagents/analytical tools.

ORCID
Sarah Kim   https://orcid.org/0000-0002-9179-0735 

REFERENCES
 1. YERVOY (ipilimumab) injection label from FDA website. U.S. 

Food and Drug Administration, 2018. https://www.acces sdata.
fda.gov/drugs atfda_docs/label/ 2018/12537 7s094 lbl.pdf.

 2. OPDIVO (nivolumab) label from FDA website. U.S. Food and 
Drug Administration, 2019. https://www.acces sdata.fda.gov/
drugs atfda_docs/label/ 2019/12555 4s070 lbl.pdf.

 3. KEYTRUDA (pembrolizumab) label from FDA website. U.S. 
Food and Drug Administration, 2019. https://www.acces sdata.
fda.gov/drugs atfda_docs/label/ 2019/12551 4s040 lbl.pdf.

 4. Morrissey KM, Yuraszeck TM, Li CC, Zhang Y, Kasichayanula 
S. Immunotherapy and novel combinations in oncology: cur-
rent landscape, challenges, and opportunities. Clin Transl Sci. 
2016;9:89- 104.

 5. Stroh M, Carlile DJ, Li C- C, et al. Challenges and opportuni-
ties for quantitative clinical pharmacology in cancer immuno-
therapy: something old, something new, something borrowed, 
and something blue. CPT Pharmacometrics Syst Pharmacol. 
2015;4:495- 497.

 6. Heeren AM, Punt S, Bleeker MCG, et al. Prognostic effect of 
different PD- L1 expression patterns in squamous cell car-
cinoma and adenocarcinoma of the cervix. Mod Pathol. 
2016;29:753- 763.

 7. Kim S, Lahu G, Vakilynejad M, et al. A case study of a patient- 
centered reverse translational systems- based approach to 
understand adverse event profiles in drug development [pub-
lished online ahead of print January 11, 2022]. Clin Transl Sci. 
10.1111/cts.13219.

 8. FDA Adverse Event Reporting System (FAERS) Public 
Dashboard. U.S. Food & Drug Administration, 2019. https://
www.fda.gov/drugs/ quest ions- and- answe rs- fdas- adver se- event 
- repor ting- syste m- faers/ fda- adver se- event - repor ting- syste m- 
faers - publi c- dashb oard. Accessed August 3, 2020.

 9. Linardou H, Gogas H. Toxicity management of immunotherapy 
for patients with metastatic melanoma. Annals Translational 
Med. 2016;4:272.

 10. Dubin K, Callahan MK, Ren B, et al. Intestinal microbiome 
analyses identify melanoma patients at risk for checkpoint- 
blockade- induced colitis. Nat Commun. 2016;7:10391.

https://orcid.org/0000-0002-9179-0735
https://orcid.org/0000-0002-9179-0735
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/125377s094lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/125377s094lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125554s070lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125554s070lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125514s040lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125514s040lbl.pdf
https://doi.org/10.1111/cts.13219.
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard


1438 |   KIM et al.

 11. Prieux- Klotz C, Dior M, Damotte D, et al. Immune checkpoint 
inhibitor- induced colitis: diagnosis and management. Targeted 
Oncol. 2017;12:301- 308.

 12. Questions and Answers on FDA's Adverse Event Reporting 
System (FAERS). U.S. Food & Drug Administration, 2018. https://
www.fda.gov/drugs/ surve illan ce/quest ions- and- answe rs- fdas- 
adver se- event - repor ting- syste m- faers. Accessed August 3, 2020.

 13. Soldatos TG, Taglang G, Jackson DB. In silico profiling of clin-
ical phenotypes for human targets using adverse event data. 
High- Throughput. 2018;7(4):37.

 14. Soldatos TG, Jackson DB. Adverse event circumstances and the 
case of drug interactions. Healthcare. 2019;7(1):45.

 15. Wishart DS, Feunang YD, Guo AC, et al. DrugBank 5.0: a major 
update to the DrugBank database for 2018. Nucleic Acids Res. 
2017;46:D1074- D1082.

 16. PubChem. http://pubch em.ncbi.nlm.nih.gov/. Accessed August 
3, 2020.

 17. UniProt. Accessed August 3, 2020, at https://www.unipr ot.org/.
 18. NCI. Nature NCI Pathway Interaction Dabase. http://www.

ndexb io.org/#/.
 19. Reactome Inc. https://react ome.org/. Accessed August 3, 2020.
 20. BioCarta. www.bioca rta.com.
 21. Evans SJ, Waller PC, Davis S. Use of proportional reporting ra-

tios (PRRs) for signal generation from spontaneous adverse drug 
reaction reports. Pharmacoepidemiol Drug Saf. 2001;10:483- 486.

 22. Bate A, Evans SJ. Quantitative signal detection using spontaneous 
ADR reporting. Pharmacoepidemiol Drug Saf. 2009;18:427- 436.

 23. Turner MD, Nedjai B, Hurst T, Pennington DJ. Cytokines and 
chemokines: At the crossroads of cell signalling and inflamma-
tory disease. Biochem Biophys Acta. 2014;1843:2563- 2582.

 24. Koorts AM, Levay PF, Becker PJ, Viljoen M. Pro-  and anti- 
inflammatory cytokines during immune stimulation: modula-
tion of iron status and red blood cell profile. Mediators Inflamm. 
2011;2011:716301.

 25. Nikolaus S, Rutgeerts P, Fedorak R, et al. Interferon beta- 1a in 
ulcerative colitis: a placebo controlled, randomised, dose esca-
lating study. Gut. 2003;52:1286- 1290.

 26. Mannon PJ, Hornung RL, Yang Z, et al. Suppression of inflam-
mation in ulcerative colitis by interferon- β- 1a is accompanied 
by inhibition of IL- 13 production. Gut. 2011;60:449- 455.

 27. Gabay C. Interleukin- 6 and chronic inflammation. Arthritis Res 
Ther. 2006;8(Suppl 2):S3.

 28. Baggiolini M, Clark- Lewis I. Interleukin- 8, a chemotactic and 
inflammatory cytokine. FEBS Lett. 1992;307:97- 101.

 29. Viennois E, Chen F, Merlin D. NF- κB pathway in colitis- 
associated cancers. Transl Gastrointestinal Cancer. 2013;2:21- 29.

 30. Kuo P- C, Scofield BA, Yu I- C, Chang F- L, Ganea D, Yen J- H. 
Interferon- β modulates inflammatory response in cerebral isch-
emia. J Am Heart Assoc. 2016;5(1): e002610.

 31. Skapenko A, Leipe J, Lipsky PE, Schulze- Koops H. The role 
of the T cell in autoimmune inflammation. Arthritis Res Ther. 
2005;7(Suppl 2):S4- 14.

 32. Hoyer KK, Dooms H, Barron L, Abbas AK. Interleukin- 2 in the 
development and control of inflammatory disease. Immunol 
Rev. 2008;226:19- 28.

 33. Duvallet E, Semerano L, Assier E, Falgarone G, Boissier MC. 
Interleukin- 23: a key cytokine in inflammatory diseases. Ann 
Med. 2011;43:503- 511.

 34. Bosmann M, Ward PA. Modulation of inflammation by inter-
leukin- 27. J Leukoc Biol. 2013;94:1159- 1165.

 35. Winkler D, Faia K, DiNitto J, et al. PI3K- δ and PI3K- γ inhibition 
by IPI- 145 abrogates immune responses and suppresses activity 
in autoimmune and inflammatory disease models. Chem Biol. 
2013;20:1364- 1374.

 36. Doukas J, Eide L, Stebbins K, et al. Aerosolized phosphoinos-
itide 3- kinase gamma/delta inhibitor TG100- 115 [3- [2,4- diami
no- 6- (3- hydroxyphenyl)pteridin- 7- yl]phenol] as a therapeutic 
candidate for asthma and chronic obstructive pulmonary dis-
ease. J Pharmacol Exp Therapeut. 2009;328:758- 765.

 37. Okkenhaug K, Bilancio A, Farjot G, et al. Impaired B and T 
cell antigen receptor signaling in p110delta PI 3- kinase mutant 
mice. Science (New York, NY). 2002;297:1031- 1034.

 38. Stark AK, Sriskantharajah S, Hessel EM, Okkenhaug K. PI3K 
inhibitors in inflammation, autoimmunity and cancer. Curr 
Opin Pharmacol. 2015;23:82- 91.

 39. Weichhart T, Hengstschläger M, Linke M. Regulation of in-
nate immune cell function by mTOR. Nat Rev Immunol. 
2015;15:599- 614.

 40. Som A, Mandaliya R, Alsaadi D, et al. Immune checkpoint 
inhibitor- induced colitis: A comprehensive review. World J Clin 
Cases. 2019;7:405- 418.

 41. Stephenson WP, Hauben M. Data mining for signals in 
spontaneous reporting databases: proceed with caution. 
Pharmacoepidemiol Drug Saf. 2007;16:359- 365.

 42. Schotland P, Bojunga N, Zien A, Trame MN, Lesko LJ. 
Improving drug safety with a systems pharmacology approach. 
Eur J Pharm Sci. 2016;94:84- 92.

 43. Schotland P, Racz R, Jackson D, Levin R, Strauss DG, Burkhart 
K. Target- adverse event profiles to augment pharmacovig-
ilance: a pilot study with six new molecular entities. CPT 
Pharmacometrics Syst Pharmacol. 2018;7:809- 817.

 44. Sachpekidis C, Jackson DB, Soldatos TG. Radioimmunotherapy 
in Non- Hodgkin's lymphoma: retrospective adverse event 
profiling of Zevalin and Bexxar. Pharmaceuticals (Basel, 
Switzerland) 2019;12(4):141.

 45. Soldatos TG, Iakovou I, Sachpekidis C. Retrospective toxico-
logical profiling of radium- 223 dichloride for the treatment of 
bone metastases in prostate cancer using adverse event data. 
Medicina. 2019;55(5):149.

 46. Buchbinder EI, Desai A. CTLA- 4 and PD- 1 pathways: similari-
ties, differences, and implications of their inhibition. Am J Clin 
Oncol. 2016;39:98- 106.

 47. Schotland P, Racz R, Jackson DB, et al. Target adverse event 
profiles for predictive safety in the postmarket setting. Clin 
Pharmacol Ther. 2021;109:1232- 1243.

SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Kim S, Lahu G, 
Vakilynejad M, et al. Application of a patient- 
centered reverse translational systems- based 
approach to understand mechanisms of an adverse 
drug reaction of immune checkpoint inhibitors. Clin 
Transl Sci. 2022;15:1430- 1438. doi:10.1111/cts.13254

https://www.fda.gov/drugs/surveillance/questions-and-answers-fdas-adverse-event-reporting-system-faers
https://www.fda.gov/drugs/surveillance/questions-and-answers-fdas-adverse-event-reporting-system-faers
https://www.fda.gov/drugs/surveillance/questions-and-answers-fdas-adverse-event-reporting-system-faers
http://pubchem.ncbi.nlm.nih.gov/
https://www.uniprot.org/
http://www.ndexbio.org/#/
http://www.ndexbio.org/#/
https://reactome.org/
http://www.biocarta.com
https://doi.org/10.1111/cts.13254

	Application of a patient-­centered reverse translational systems-­based approach to understand mechanisms of an adverse drug reaction of immune checkpoint inhibitors
	Abstract
	INTRODUCTION
	METHODS
	FDA adverse event reporting system
	Molecular health effect
	Disproportionality analysis

	RESULTS
	Safety assessment overview
	Protein and pathway mapping
	Inflammatory signaling pathways
	Early stage of immune response


	DISCUSSION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES


