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Abstract

Background: Immune checkpoint inhibition (ICI) represents a novel treatment modality for

refractory cancers, and improving prediction of potential responders is critical.

Method: We hypothesized that ICI is a systemic-effecting mechanism. The objective response

rate (ORR) for anti-PD-1, anti-PD-L1, anti-CTLA-4, or combination therapy was plotted against

the corresponding all-grade and grade 3–4 (G3/4) treatment-related adverse events (TRAEs)

across several cancer types using an extensive literature search (MEDLINE and Google

Scholar; December 1, 2012–December 30, 2017).

Results: Sixty-six eligible studies comprised 76 cohorts and 25 cancer types. A significant cor-

relation was present between all-grade or G3/4 TRAEs and the ORR. The correlation coefficient

was 0.5 for all-grade and 0.4 for G3/4 TRAEs, suggesting that >50% of the differences in the ORR

across cancer types may be reflected by TRAEs and 40% of ORR differences may be predicted by

G3/4 TRAEs. Hodgkin’s lymphoma and Merkel cell carcinoma showed a better response, while

adrenocortical cancer, breast cancer, and uveal melanoma showed a worse response, compared

with that predicted by TRAE.

Conclusion: There is a strong relationship between TRAEs and ICI activity across multiple

cancers. The toxicity profile compared with the ORR to ICIs should be investigated in phase I trials.
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Introduction

Immune checkpoint inhibitors (ICIs) that
target programmed cell death 1 (PD-1), its
ligand (PD-L1), and cytotoxic T-lympho-
cyte antigen 4 (CTLA-4) have demonstrat-
ed remarkable clinical benefit in various
cancers.1 These three molecules represent
the most critical and druggable targets for
the inhibitory immune response and tumor
cells hijack these molecules to exert immune
exclusion.2 One of the greatest dilemmas
ICIs face clinically is the bipolar phenome-
non showing satisfactory and durable effect
in responders, but the overall objective
response rate (ORR) remains less than
50% across all applicable cancers.3 Given
its high cost and potential adverse effects,
identifying potential responders is of great
interest. However, reliable predictors have
yet to be validated.4

Recent studies suggest that immune-
related adverse events (IrAEs) can predict
the response to PD-1/PD-L1 inhibition
in some cancers.5–7 IrAEs are generated
by increased activity of the immune
system in response to ICIs, and they can
occur in multiple systems including, most
commonly, the gastrointestinal tract, endo-
crine glands, skin, and liver, and less often
in the central nervous system and cardio-
vascular, pulmonary, musculoskeletal, and
hematologic systems.8 Although the precise
mechanism of IrAEs remains unclear, the
response represents a global alteration in
immune status in the body by enhancing
immune reactions in both tumor microenvi-
ronment and normal tissue.9

However, the definition of IrAE varies
based on the different criteria and agents
that are used. Some IrAEs can be misclas-
sified as treatment-related adverse events
(TRAEs). Reports of TRAEs, however,
are relatively uniform across studies. Thus,
we speculate that TRAEs may be a surro-
gate marker for the response to ICIs. In the
current study, we aimed to globally examine

the correlation between the prevalence of

TRAEs, in particular high-grade TRAEs

and the ORR of ICI across various types

of cancer.

Materials and methods

We conducted an extensive literature search

via MEDLINE and Google Scholar for

published trials (December 1, 2012 to

December 30, 2017) that modified the

established criteria.3 Studies with anti-PD-

1, anti-PD-L1, or anti-CTLA-4 monother-

apy or a combination of any two of these

therapies that enrolled at least ten patients

who had no PD-L1 tumor expression were

included in our analysis. We aimed to

identify clinical studies that reported an

objective response data for PD1, PD-L1,

or anti-CTLA-4 inhibitor monotherapy

or a combination of these inhibitors in

major solid tumor types or subtypes for

which TRAEs, grade 3–4 (G3/4) TRAEs,

and ORR were reported. Because IrAEs

are encompassed by TRAEs, studies that

only reported IrAEs were also allowed.

Databases including MEDLINE and

Google Scholar, as well as abstracts pre-

sented at the American Society of Clinical

Oncology (ASCO), the European Society

for Medical Oncology (ESMO), and the

American Association for Cancer

Research (AACR) were also used to identi-

fy clinical data for anti-PD1 or anti-PD-L1

therapy in each of these cancer types or

subtypes. Abstracts that were later pub-

lished as articles were merged. We searched

for clinical trials using the following specific

search terms: nivolumab, BMS-936558,

pembrolizumab, MK-3475, atezolizumab,

MPDL3280A, durvalumab, MEDI4736,

avelumab, MSB0010718C, BMS-936559,

cemiplimab, and REGN2810. Generally,

only the largest published study for each

anti-PD1 therapy was included in the final

assessment of the pooled ORR for each
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cancer type or subtype. In tumor types for
which phase 3 studies of any anti-PD1 ther-
apy had been conducted, we also excluded
other studies enrolling fewer than 40
patients or dose-finding studies with other
anti-PD1 agents. Data on the response to
treatment and TRAEs were pooled from
each included study. We plotted the ORR
for anti-PD-1, anti-PD-L1, anti-CTLA-4,
or combination therapy against the corre-
sponding all-grade and G3/4 TRAEs across
a variety of cancer types. The correlations
between ORR and all-grade and G3/4
TRAEs were analyzed using the Pearson’s
correlation test and Spearman’s correlation
test, respectively. Correlation across all
cancer types was fit with the linear regres-
sion model.

Results

We identified 66 eligible studies, among
which 76 cohorts encompassed 25 types of
cancers including non-small cell lung cancer
(NSCLC), renal cell carcinoma, melanoma,
urothelial carcinoma, squamous NSCLC,
Hodgkin’s lymphoma, head and neck squa-
mous cell carcinoma (SCC), Merkel cell
carcinoma, urothelial carcinoma, esophage-
al squamous-cell carcinoma, anal cancer,
nasopharyngeal carcinoma, colorectal
cancer, chronic lymphocytic leukemia,
Hodgkin’s lymphoma, prostate cancer,
adrenocortical carcinoma, breast cancer,
gastric cancer, glioblastoma multiforme
(GMB), hepatic cell cancer, pleural meso-
thelioma, mesothelioma, ovarian cancer,
sarcoma, and uveal melanoma. We first
identified seven types of cancer that were
involved in more than three trials
(Table 1). TRAEs were significantly corre-
lated with the response in melanoma and
urothelial carcinoma, while G3/4 TRAEs
were significantly correlated with the
response in melanoma, Merkel cell carcino-
ma, and urothelial carcinoma (Table 1).
G3/4 TRAEs showed an almost linear

match with the response in Merkel cell
carcinoma. When all cancer types were
included, we observed a significant correla-
tion between ORR and all-grade TRAEs or
G3/4 TRAEs (Figure 1).

The correlation coefficient was 0.5 for
all-grade and 0.4 for G3/4 TRAEs in both
tests, suggesting that over half of the differ-
ences in the ORR across cancer types may
be reflected by TRAEs and 40% of ORR
differences may be predicted by G3/4
TRAEs. Generally, Hodgkin’s lymphoma
and Merkel cell carcinoma had a better
response compared with the prediction

Table 1. Cancer types that were investigated in
three or more trials were analyzed individually to
determine the correlation between the ORR and
all-grade and grade 3/4 TRAEs.

ORR

TRAE

G3/4

TRAE

Gastric Cancer

p value – 0.658

r – 0.511

Melanoma

p value 0.0003 0.023

r 0.73 0.506

Merkel Cell Carcinoma

p value 0.9853 <0.0001

r �0.023 1

NSCLC

p value 0.4097 0.055

r 0.277 0.593

Renal Cell Carcinoma

p value 0.1202 0.06

r 0.779 0.862

Sarcoma

p value – 0.282

r – 0.903

Urothelial Carcinoma

p value 0.0334 0.008

r 0.704 0.812

TRAEs, treatment-related adverse events; ORR, objective

response rate; SCC, squamous cell carcinoma; NSCLC,

non-small-cell lung carcinoma.
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based on TRAEs, while adrenocortical

cancer, breast cancer, and uveal melanoma

had a worse response compared with the

prediction based on TRAEs.

Discussion

In the current study, we showed that, from

a global perspective, there was a correlation

between ICI response and TRAEs. Whether

TRAEs or IrAEs can predict drug response

is an important clinical question because it

pertains to decision-making in patients who

are undergoing ICI therapy and who have

AEs that suggest the response before a
treatment response is noted.

The precise mechanism of ICI-induced
AEs remains unclear and current under-

standing includes increasing T-cell activity
against antigens that are present in tumors
and healthy tissue, increasing levels of pre-

existing autoantibodies,10 increasing level of
inflammatory cytokines,11 and enhanced

complement-mediated inflammation result-
ing from direct binding of an antibody

against CTLA-4, which is expressed on
normal tissue.12 These AEs usually start
within the first few weeks to months after

Figure 1. Treatment-related adverse events (TRAEs) for all grades and grade 3–4 AEs among patients who
received inhibitors of programmed death 1 (PD-1) protein or its ligand (PD-L1) or CTLA-4, as described in
published studies where data on the objective response rate are available. Equations were determined using
linear regression. R represents the correlation coefficients using Pearson’s and Spearman’s test, respectively.
Circle size represents the number of patients in each cohort. CLL, chronic lymphocytic leukemia; SCC,
squamous cell carcinoma; NSCLC, non-small-cell lung carcinoma; GBM, glioblastoma multiforme.
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treatment but they can occur anytime, even
after treatment discontinuation. IrAEs are
often managed with glucocorticoids, and if
there is no response, other immunosuppres-
sive agents are used. Such use does not
appear to affect the ICI effect on tumor
control while it mitigates AEs.13 It remains
controversial whether IrAEs are related to
the drug effect because there are many anti-
gen specificities, and nonspecific activation
of the immune system is not required to
obtain the benefit from ICIs. This was
also consistent with a study of ipilimumab
showing that treatment outcomes were
similar in patients with or without
immune-related adverse events.14 However,
CTLA-4 blockade entails a more global
immune modulation than PD-1/PD-L1
blockade. To date, the only IrAE that is uni-
versally accepted as indicating an ICI
response is the presence of vitiligo in mela-
noma patients.15 This is also consistent with
our findings that both all-grade and G3/4
TRAEs correspond well with the response
in melanoma. Consistent with our findings,
a recent study supports the notion that
IrAEs predict the response to monotherapy
using PD-1 or PD-L1 blockade.16 AEs that
indicate the response can be prevented by
steroids, and they may still predict the
future response in melanoma.17 However,
the response to ICI monotherapy in most
cancers is relatively low, and combinations
of ICI and cancer-intrinsic genetic targeted
therapy are now being used frequently in a
variety of solid tumors.18 Because targeted
therapies are associated with AEs by a dif-
ferent mechanism, they may overlap in
organs or tissues, our the AEs may not fit
well with the combination treatment.

In our study, the lower-than-anticipated
ORR for adrenocortical cancer (ACC) sug-
gests that a high prevalence of hormone
excess may impair the response rate to
ICI.19 This was intriguing because cortisol
excess accounts for over 50% of the cases
and very few tumor infiltrating lymphocytes

(TIL) were present in ACC. Thus, for ste-
roid management of IrAEs, we suggest that
initial and delayed steroid use may impact
differently on the ICI response.
Additionally, while all studies for melano-
ma fall near the regression curve, uveal
melanoma has a poor response to ICI,
which was lower than anticipated based
on the AEs. Such findings support a differ-
ence between uveal cancer and cutaneous
melanoma, and a caveat for further testing
of ICIs in these patients is proposed
because of the high rate of AEs.20 There is
agreement with the predictive effect
between all-grade and G3/4 TREAs in
most cancer types. The consistency of the
response to ICI combination treatments
(e.g. nivolumab/ipilimumab) with TRAEs
in renal cell carcinoma and melanoma
reflect the mechanistic similarity and func-
tional supplementation of both agents.

Although linear correlation formulas
were generated for all-grade and G3/4
TRAEs (Figure 1), this implication requires
further insight. One suggestion is to predict
ORR to ICIs using the toxicity profile that
was reported in phase I trials. However, AEs
develop over time and may present even
after the response. The accessible data
from the pooled studies did not allow anal-
ysis of the timeline for AE development.
Whether early emergence of certain TRAEs
is related to response warrants further inves-
tigation. Additionally, correlation between
G3/4 TRAEs and the response suggests
that prolonged treatment in patients who
already have substantial AEs may be
required, which may generate questions
about the trade-off between the would-be
benefit under prolonged AE tolerance and
the timely discontinuation of treatment for
safety reasons in cancer patients.

Conclusion

In the current study, we investigated rela-
tionship between TRAEs and the response
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to ICI treatment. Our findings highlight the

strong relationship between the TRAEs and

ICI activity across multiple cancers. One

pragmatic use is to predict the ORR to

ICIs using the toxicity profile that was

reported in phase I trials.
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