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Abstract

Background: Life-threatening immune-related adverse events
(irAEs) that require hospital admission are not uncommon in patients
treated with immune checkpoint inhibitors (ICIs). The clinical and
hematological parameters are attractive biomarkers as potential pre-
dictors of irAE.

Methods: This is a retrospective study of patients with melanoma and
lung cancer treated with ICIs between 2015 and 2019 at the Univer-
sity of South Alabama Mitchell Cancer Institute. Fisher’s exact test,
Pearson Chi-squared test, log-rank test, and Cox proportional hazard
model were used to evaluate clinical and hematological parameters as
possible predictors of irAE.

Results: The cohort consisted of 160 patients treated with at least two
doses of ICI, of which 54 (33.8%) patients had melanoma and 106
(66.3%) had lung cancer. Incidence of irAE did not have any bear-
ing on the overall survival (OS) or progression-free survival (PFS) of
the cohort. The clinical factors associated with irAE were dual-agent
therapy (ipilimumab/nivolumab combination) and high disease bur-
den (> 2 metastatic sites). The irAE-group had a lower mean platelet-

Manuscript submitted April 21, 2021, accepted May 4, 2021
Published online May 25, 2021

aDivision of Medical Oncology, Department of Internal Medicine, James
Comprehensive Cancer Center, Ohio State University, Columbus, OH 43210,
USA

bDepartment of Mathematics and Statistics, The University of South Alabama,
Mobile, AL, USA

“Department of Medicine, The University of South Alabama, Mobile, AL,
USA

dDivision of Medical Oncology, The University of South Alabama, Mitchell
Cancer Institute, Mobile, AL, USA

¢Division of Medical Oncology, Mayo Clinic, Rochester, MN, USA
Department of Surgery, The University of South Alabama, Mobile, AL, USA
€Division of Radiation Oncology, The University of South Alabama, Mobile,
AL, USA

hCorresponding Author: Ashish Manne, Division of Medical Oncology, De-
partment of Internal Medicine, James Comprehensive Cancer Center, Ohio
State University, B407A Starling Loving Hall, 320 West 10th Avenue, Colum-
bus, OH 43210, USA. Email: manne.ashish@gmail.com

doi: https://doi.org/10.14740/jocmr4511

to-lymphocyte ration (PLR, 200 vs. 257, P = 0.04). Although not sta-
tistically significant at the level of 0.05, other factors such as type of
cancer (lung cancer > melanoma (P = 0.06)), stage at treatment (stage
IV > stage II and I1I disease (P = 0.06)), and higher absolute lympho-
cyte counts (P = 0.07) showed a considerable association with irAE
and warrants further review with different patient data.

Conclusions: Irrespective of ICI used to treat lung cancer and mela-
noma, patients with high disease burden and dual-agent ICI therapy
were more prone to irAE. The only hematological parameter that may
predict the incidence of irAE is low baseline PLR.

Keywords: Checkpoint inhibitors; Immune-related adverse events;
Lymphocytes; Predictors of toxicity; Lung cancer; Melanoma; He-
matological risk factors

Introduction

The interest in the factors to predict response and incidence
of immune-related adverse events (irAEs) has grown in recent
years, given the exponential growth of immune checkpoint in-
hibitors (ICIs) used in clinical practice. Tumor mutational bur-
den, level of programmed death-ligand 1 (PD-L1) expression,
microsatellite instability (MSI), baseline size of the primary
tumor, and type of the cancer are some of the clinical factors
that have limited utility in predicting the response to ICIs;
however, there are no well-established factors that can pre-
dict the irAE [1-5]. The value of pretreatment complete blood
counts, including absolute lymphocyte count (ALC), neutro-
phil-to-lymphocyte ratio (NLR), or platelet-to-lymphocyte ra-
tio (PLR), for this purpose is equivocal. A few retrospective
studies have demonstrated that lymphopenia is associated with
early ICI treatment failure, whereas others attributed higher
ALC (> 2,000/mm?) with the increased risk of irAE. The link
between irAE and the efficacy of ICIs is also ambiguous, with
no clear correlation to predict better or worse outcomes [6-8].
Some biomarkers, such as interleukin 17 (IL-17), eosino-
phil count, combined toxicity scores based on gene expression,
autoantibodies, and gut microbiota, have shown correlative
results with the incidence of irAE [9-14]. However, none of
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them are used in current clinical practice. Combining ICI with
chemotherapy or targeted therapy might confound irAE pre-
dictive markers [15, 16]. Glucocorticoids and holding ICT are
the mainstay of management of irAE, whereas other immuno-
suppressive agents, like infliximab or mycophenolate, are used
after glucocorticoid failure [17].

In patients who develop irAE while having an appropriate
clinical response to ICI, restarting ICI post irAE management
requires careful consideration of the risks and benefits of ICI.
Factors that challenge restarting ICI after irAE are underlying
comorbidities, such as the presence of autoimmune diseases,
the severity of irAE, involved organ, glucocorticoid failure,
decline in performance status secondary to prolonged irAE
management, and high-dose glucocorticoids [18-21]. In clini-
cal practice, patients who achieve complete recovery of irAE
with no recurrence while on glucocorticoid taper are consid-
ered candidates for ICI re-initiation [22].

In this study, lung cancer (adenocarcinoma, squamous,
and small cell lung carcinoma) and melanoma treated with
ICIs were investigated to identify tumor charectestics clinical
and hematological factors that predict the incidence of life-
threatening irAE. The goal was to optimize patient monitoring
and possibly recognize the critical time to hold ICIs before
progression to severe irAE that requires hospitalization.

Materials and Methods

After receiving appropriate institutional review board ap-
provals, electronic health records of the University of South
Alabama Mitchell Cancer Institute (August 2015 through
February 2020) were searched using the diagnosis code from
the International Statistical Classification of Diseases (ICD)
10th version (i.e., ICD10 code) and the immunotherapy drug
names. All the present study procedures were conducted in
compliance with the Helsinki Declaration for research on hu-
man beings. The local research ethics committee approved
the study. Lung cancer and melanoma were selected for this
study, as they are the top two solid tumors treated with ICIs in
the cancer center. Patients included in this study had only one
(current) primary cancer (either lung or melanoma), received
at least two doses of ICI, and had necessary baseline labora-
tory data, including complete blood count with white blood
cell (WBC) differential before the first dose of treatment. Pa-
tients with a history of different cancer within the last 5 years
or those who received more than one type of immunotherapy
drug (except dual-agent ICI protocols) or had insufficient
baseline data were excluded.

Data extracted retrospectively included: 1) demographics,
such as age, race, and sex; 2) clinical data of the primary ma-
lignancy, stage, number of metastatic sites, and prior systemic
therapy; 3) complete blood counts, including total WBC, ab-
solute neutrophilic count (ANC), ALC, platelet count, and he-
moglobin; and 4) the type of ICI (single-agent vs. dual-agent).

In this study, irAE is synonymous with life-threatening
high-grade irAE that required hospitalization. The irAE grade
was determined according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE)
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v.5.0 [23]. In patients who developed irAE, hematological pa-
rameters at the time of the event and the last follow-up were
determined. PLR was calculated as a ratio of the platelet count
to ALC, and the NLR was calculated as a ratio of ANC to
ALC. Non-metastatic cancers and metastatic cancers with only
one organ metastasis were considered a low-burden disease,
whereas metastatic cancers with more than one (> 2) meta-
static site (organ) were considered a high-burden disease. In
this study, dual-agent ICI therapy refers to the combination of
ipilimumab and nivolumab.

In order to compare the clinical factors that influence the
incidence of irAEs, the entire cohort was divided into two
groups: 1) the irAE group, which included subjects who had at
least one episode of high-grade irAE; and 2) non-irAE group,
which included subjects without a history of irAE. For analysis,
primary cancer was classified as lung versus melanoma, age at
diagnosis as < 65 versus > 65 years, stage as metastatic versus
non-metastatic, and disease burden as low versus high. Also,
WBC threshold of 10/mm? (i.e., 10 vs. > 10), ALC thresholds
of 600/mm?3, 1,000/mm?, and 2,000/mm?3, and PLR threshold
(i.e., <150 and >150) were used in the analysis, based on pre-
viously published literature [24, 25].

Data were analyzed using statistical software JMP Pro
14.2 (SAS Institute Inc., Cary, NC). Pearson’s Chi-squared
test or Fisher’s test was used to examine the association be-
tween nominal variables. Means of continuous variables, such
as total WBC count, ALC, ANC, NLR, and PLR, were com-
pared by Student’s t-test or analysis of variance (ANOVA).
A matched pairs #-test was used to study the mean change in
hematological parameters between the baseline, at the time of
irAE incidence, and last available values. Association between
continuous variables was studied using Pearson’s correlation
coefficient. Multivariate logistic regression was used to study
association between the occurrence/non-occurrence of adverse
events and clinical and hematological factors. For the entire
cohort, the median overall survival and a 95% confidence in-
terval (CI) were estimated using the Kaplan-Meier method.
The log-rank test was used to compare median survival rates
for different groups. The difference in the distributions of PFS
and OS were assessed for various risk factors. Results with P
value < 0.05 were considered statistically significant.

Results

The search of the electronic medical records using the ICD10
code and drug name yielded 188 patient records. After apply-
ing the inclusion and exclusion criteria, a total of 160 patients
(106 with lung cancer, and 54 with melanoma) were includ-
ed in the study. The baseline characteristics of the cohort are
summarized in Table 1. The median age of the cohort was 64
years (range: 17 - 93 years), and most patients were Cauca-
sians (76.3%). ICI was administered to 48 (30.0%) patients
with recurrence, whereas 62 (38.8%) patients had received a
prior systemic treatment (mostly in lung cancer using carbo-
platin, paclitaxel, pemetrexed, nab-paclitaxel, and etoposide).
In 38 (23.8%) patients, ICI was combined with chemotherapy.
Disease progression (PD) occurred in 54 (33.8%), and irAE
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Table 1. Baseline Characteristics of the Cohort

Patient characteristics (n = 160)

N (%) or median (mini-
mum - maximum)

Age at diagnosis (years)
Gender
Male
Female
Race
African American
Caucasian
Diagnosis
Lung cancer
Melanoma
Stage
Stage II or III
Stage IV
Visceral metastatic disease
None
Single metastatic site
> 2 metastatic sites
Disease burden
Low
High
Status at last check
Alive
Diseased
LN only
No
Yes
Previous systemic treatment
Yes
No

Combination with chemotherapy

Yes
No

ICI and the line of treatment

First-line

Second-line
Treatment agents

Ipilimumab only

Nivolumab only

Ipilimumab + nivolumabo

Pembrolizumab
Durvalumab

Atezolizumab

64 (17 - 93)

79 (49.4%)
81 (50.6%)

38 (23.8%)
122 (76.2%)

106 (66.3%)
54 (63.7)

57 (35.7%)
103 (64.4%)

57 (36%)
23 (14%)
80 (50%)

80 (50%)
80 (50%)

130 (81.3%)
30 (18.8%)

134 (83.7%)
26 (16.3%)

62 (38.7%)
98 (61.3%)

38 (23.7%)
122 (76.3%)

48 (30.0%)
112 (70.0%)

5(3.14%)
47 (29.56%)
31 (19.50%)
55 (34.59%)
14 (3.81%)
7 (4.40%)

Categorical variables are summarized using the number (percentage),
and numerical variables are summarized using median (minimum -
maximum). LN: lymph node; ICI: immune checkpoint inhibitor.

was reported in 46 (28.8%) patients.

In our cohort, the censored median PFS and OS values
for different patient characteristics are listed here (Supple-
mental Material 1, www.jocmr.org). Significant difference
was observed in the PFS distributions of patients with lung
cancer versus melanoma (P = 0.02), those with ICIs in first-
line versus second-line therapy (P = 0.0002), with or without
combination chemotherapy (P = 0.002), low versus high level
of disease burden (P = 0.01), and WBC < 10 (x 10%/L) versus
> 10 (x 10%L, P = 0.02). On the other hand, no significant
differences in the OS distributions by patient characteristics
were observed. The median PFS was observed to be higher for
patients treated with ICIs in second line, alone (without chem-
otherapy), and WBC < 10 x 10%L. The distribution of PFS
based on type of cancer, line of treatment (primary = first line
and recurrence Rx = second line), WBC count, combination of
chemotherapy with ICI, and disease burden are illustrated here
(Supplement Material 2, www.jocmr.org).

irAE

Out of 160 patients in the cohort, 46 (28.8%) had at least one
high-grade irAE requiring admission. This irAE-group of 46
patients was fairly evenly divided by sex (21 females and 25
males), diagnosis (25 lung cancer vs. 21 melanoma), and age
group (21 younger than 65 years and 25 of age 65+), but con-
sisted of 39 (84.8%) Caucasian patients, 35 (76.1%) stage IV
patients, 29 (63.0%) high-burden patients, and 31 (67.4%) pa-
tients treated with ICIs in the first line. All patients received
at least one dose of methylprednisolone 1 mg/kg or equiva-
lent on the day of admission, while infliximab had to be used
in six patients. None of the patients had infliximab-refractory
irAE. Baseline characteristics between the irAE and non-irAE
groups are illustrated in Table 2.

Comparing the irAE and non-irAE groups

The incidence of irAE did not influence both the OS (P = 0.18)
and PFS (P = 0.76) in the entire cohort (Supplement Mate-
rial 1, www.jocmr.org). The risk of irAE is significantly more
with dual-agent therapy (ipilimumab/nivolumab combination)
and high disease burden. The only hematological parameter
that was substantially different between the groups was the
mean PLR, which was lower in the irAE group (200 vs. 257,
P = 0.04). None of the thresholds for baseline hematological
factors, such as WBC (10 k), ALC (0.6 k, 1 k or 2 k), and
PLR (150), could predict the incidence of irAE. The number
of doses of ICI people who had irAE was low when compared
to non-irAE group. Other factors such as type of primary ma-
lignancy, lung cancer (more melanoma, P = 0.06); Stage of the
diseases at the time of ICI therapy, stage IV disease (vs. stage
II/1I1, P= 0.06), and higher ALC (P=0.07) seem to have a con-
siderable association with irAE even though the association is
not statistically significant. More extensive studies may show
conclusive results.

No significant difference was observed in the mean PLT/
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Table 2. Comparison of Characteristics in irAE and Non-irAE Patients

Non-irAE (n = 114) irAE (n = 46) P
Sex 0.48
Female 60 (52.63%) 21 (45.65%)
Male 54 (47.37%) 25 (54.35%)
Age (years), mean + SD 62.5 (£ 13.6) 65 (+9.36) 0.13
Age group 0.38
Younger than 65 years 61 (53.51%) 21 (45.65%)
65 years or older 53 (46.49%) 25 (54.35%)
Race 0.15
African American 31 (27.19%) 7 (15.22%)
Caucasian 83 (72.81%) 39 (84.78%)
Diagnosis 0.06
Lung cancer 81 (71.05%) 25 (54.35%)
Melanoma 33 (28.95%) 21 (45.65%)
Stage 0.06
1T or IIT 46 (40.35%) 11 (23.91%)
v 68 (59.65%) 35 (76.09%)
Burden of disease 0.05
Low-burden disease 63 (55.26%) 17 (36.96%)
High-burden disease 51 (44.74%) 29 (63.04%)
LN only 0.82
No 95 (83.33%) 39 (84.78%)
Yes 19 (16.67%) 7 (15.22%)
Previous systemic treatment 1.00
No 70 (61.40%) 28 (60.87%)
Yes 44 (38.60%) 18 (39.13%)
ICI and the line of treatment 0.70
First-line 81 (71.05%) 31(67.39%)
Second-line 33 (28.95%) 15 (32.61%)
Dual agents or immunotherapy? 0.0001
No 101 (88.60%) 28 (60.87%)
Yes 13 (11.40%) 18 (39.13%)
WBC level (k/uL) 0.15
Less than or equal to 10 (n = 121) 90 (78.95%) 31 (67.39%)
Higher than 10 (n = 39) 24 (21.05%) 15 (32.61%)
ALC level (k/uL) 0.56
Less than or equal to 600 (n = 16) 13 (11.40%) 3 (6.52%)
Higher than 600 (n = 144) 101 (88.60%) 43 (93.48%)
0.34
Less than or equal to 1,000 (n = 48) 37 (32.46%) 11 (23.91%)
Higher than 1,000 (n = 112) 77 (67.54%) 35 (76.09%)
0.08
Less than or equal to 2,000 (n = 126) 94 (82.46%) 32 (69.57%)
Higher than 2,000 (n = 34) 20 (17.54%) 14 (30.43%)
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Table 2. Comparison of Characteristics in irAE and Non-irAE Patients - (continued)

Non-irAE (n = 114) irAE (n = 46) P

PLT/ALC ratio (k/uL) 0.21

Less than or equal to 150 (n =63) 41 (35.96%) 22 (47.83%)

Higher than 150 (n = 97) 73 (64.04%) 24 (52.17%)
WBC (k/uL), mean + SD 8.29+4.42 8.34+£2.67 0.94
Hb (g/dL), mean + SD 11.89+2.14 12.42 +£2.00 0.14
PLT (k/pL), mean + SD 271.08 £ 102.41 259.80 + 86.80 0.48
ANC (k/uL), mean = SD 5.61 £3.35 549 £2.25 0.79
ALC (k/uL), mean + SD 1.39+0.73 1.78 £1.36 0.07
ANC/ALC, mean + SD 5.34+5.19 4.53+3.76 0.27
PLT/ALC, mean = SD 257.02 +205.95 200.62 + 139.11 0.04
Number of cycles, mean + SD 13.41 £16.71 6.91 +7.67 0.001

SD: standard deviation; LN: lymph node; ICIl: immune checkpoint inhibitor; WBC: white blood cell; PLT: platelet; Hb: hemoglobin; ANC: absolute
neutrophilic count; ALC: absolute lymphocyte count; irAE: immune-related adverse event.

ALC ratio by sex (#-test, P = 0.6840), race (#-test, P = 0.3801),
and stage (ANOVA, P = 0.7813). No significant correlation
was observed between the age at diagnosis and PLT/ALC ra-
tio (Pearson’s correlation coefficient r = -0.08, P = 0.3025).
Multivariate logistic regression was used to study association
between the occurrence of adverse event and clinical and he-
matological factors (area under the ROC curve = 0.66, cor-
rect classification rate = 73%). It showed PLT/ALC ratio (P
= 0.078) to be the most associated predictor in the presence
of other clinical factors such as stage (P = 0.1499), age (P =
0.2589), and sex (P =0.4116).

Comparing baseline variables at the time of incidence of
irAEs

Although 46 patients had irAEs, blood work results at the
irAE incidence were not available for one patient. Hence, the
analysis of outcomes for 45 patients is reported here (Supple-
mental Material 3, www.jocmr.org). Among patients who had
irAEs, the drop in ALC was significant (1.7 vs. 1.5, P=10.03)
at the time of irAE when compared with the baseline ALC.
The change in other hematological parameters (such as WBC,
hemoglobin, ANC, platelet count, PLR, and NLR) was not
significant. Post irAE, ICI was restarted in only 19 out of 46
(41%) of the irAE group, and five (26%) of those patients had
a recurrence of irAE.

Discussion

In the current clinical practice, there has been an exponential
increase in the understanding of various types of immuno-
therapy, including ICIs, monoclonal antibodies, antibody-drug
conjugates, and treatment vaccines in cancer treatment [26].
Given they have broad clinical indications and promising ben-
efits, efforts must be made to make it more tolerable so that
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best outcomes can be achieved with fewer adverse events and
hospitalizations [27].

This study cohort reflects the contemporary clinical prac-
tice with a mixture of patients treated with ICIs in the first
and subsequent lines, combined with chemotherapy and alone.
The influence of clinical factors, such as type of cancer, dis-
ease burden, line of ICI use, and combination therapy (with
chemotherapy), on the PFS distribution in this cohort should
be interpreted carefully as this is a heterogeneous group with:
1) different cancers (melanoma and lung cancer); 2) different
stages; and 3) different histology (small cell vs. squamous cell
vs. adenocarcinoma vs. melanoma). Prospective trials with
such specific stratifications are needed to have meaningful
conclusions. Moreover, this advantage in PFS did not result
in a benefit for OS, and hence the use of this information for
prediction purposes is doubtful.

Even in our cohort, demographic characteristics, such as
age, sex, stage of the disease, or baseline blood counts, like
ANC and ALC, or ratios, like PLR and NLR, did not influence
OS and PFS. Pending large prospective trials proving other-
wise, it is very hard to prove that baseline counts, such as ALC,
NLR, or PLR, will impact the efficacy of ICI; and we may
have to modify the treatment in terms of doses and the kind
of therapy to be provided (cytotoxic T lymphocyte antigen 4
(CTLA-4) vs. PD-L1). Moreover, the WBCs of specific inter-
est (e.g., lymphocyte count) can be affected by factors, such as
infections, allergies, heart failure, nutritional deficiencies, and
autoimmune diseases, which make them relatively unreliable
markers to predict the response in ICI [28-31].

The common irAEs encountered with ICI that need hos-
pital admission are dermatologic, gastrointestinal, hepatic,
and endocrine [32]. In contrast to targeted therapy like epi-
dermal growth factor receptor (EGFR)-inhibitors or anaplas-
tic lymphoma kinase (ALK)-inhibitors, the actions of ICIs are
non-specific as the activated cytotoxic T cells can attack non-
malignant tissue. This response may be altered based on the
organ of origin and also disease burden. This can explain the
considerable correlation (not statistically significant) of the in-
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creased risk of irAE in lung cancers (compared to melanoma)
and metastatic cancers (in lung cancers and melanoma). On the
other hand, patients with more than two metastatic organ sites
are at significantly higher risk for irAE. The role of the pri-
mary tumor site and its related microenvironment was studied
extensively for efficacy and survival, but very little literature
is available on its influence on the incidence of irAE. The het-
erogeneity of this cohort allowed understanding it. This can
potentially be translated to more cautionary use of ICIs in this
subset of the population. It is not a surprise to see a higher in-
cidence of irAE with dual-agent immunotherapy (as opposed
to a single agent). The patients that tolerate more than seven to
eight cycles seem to have fewer severe irAEs.

The general concept of immunotherapy is to induce an in-
flammatory reaction against foreign antigens. There is a lot of
interest in studying the hematological parameters such as the
WBCs or their differentials, like ALC or ANC and platelets.
As individual counts can be affected by innumerable factors,
ratios like PLR and NLR are also used to assess the baseline
bone marrow status and the response to ICI. Among all the
baseline hematological factors, such as WBC count, ALC,
ANC, NLR, and platelet count, which were studied to predict
the incidence of irAE, only the mean PLR was found to be
significantly lower (200 vs. 250) in the group that had irAE. As
PLR is a marker for inflammation, it may mean that in patients
with irAE, the inflammation (and hence the immune response)
is not adequate to mount a response and erratic enough to at-
tack healthy cells and cause irAE. It is important to note that
there is no baseline threshold of WBC, PLR, and ALC to pre-
dict the incidence of irAE confidently.

After initiating ICI, there are no reliable parameters that
we can follow to predict the incidence of irAE (Supplement
Material 3, www.jocmr.org). The drop in ALC from initiation
of treatment to the occurrence of irAE is statistically signifi-
cant, but the change is too small to follow and monitor. There
seems to be a connection between bone marrow, response to
ICI, and incidence of irAE. More extensive studies can help us
in understanding this dynamic.

The management of irAEs in this cohort was according
to the standard of care (as in NCCN guidelines) with methyl-
prednisolone 1 mg/kg and was modified based on the patient’s
response with a scheduled tapering over 4 weeks or beyond.
Re-initiation of the ICI in patients who recovered is usually
at the physician’s discretion. In our center, it is considered an
appropriate decision to restart ICI in patients after complete
resolution of symptoms and tapering doses of oral prednisone
to at least 10 mg/day. Post irAE, re-initiation of ICI (after re-
covery) is possible in a selected group of patients. Changing
the class of ICI (CTLA-4 to PD-1/PD-L1, for example) was
studied to see if that would reduce the chance of recurrence
of irAE. Using a single agent (PD-L1 or PD-1) after the dual-
agent therapy (CTLA-4 + PD-1), to some extent, helped in
preventing recurrences of irAE [33]. On the other hand, the
use of CTLA-4 agents after the PD-1/PD-L1 agent increased
the recurrences [34]. This study had too few patients (19) in
whom ICI was re-initiated to draw any meaningful conclu-
sions.

The retrospective model of the study restricted us from
validating most of the results we discussed. Tumor biology
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was not the central focus of this study, which may have con-
founded most of the results, but many of the available studies
on this topic are similar. We did not differentiate the type of
ICI agent used other than dual agents or ipilimumab, but this
is close to real-world data with growing applications of PD-1/
PD-L1 agents. Incorporating PD-L1 level of expression or tu-
mor mutational burden (TMB) into the study might provide
more information for future studies. In this study, grade 1/2
and grade3 irAE that did not require hospital admission were
not studied. Including other cancers like colon cancer, renal
cell carcinoma, head/neck cancers, hepatocellular, and gas-
tric/esophageal cancers, in which the use of ICI is significant,
would have made the results more convincing.

Conclusions

There is an unmet need for prospective trials incorporating
innovative strategies to select appropriate candidates for ICI
with a lower risk of irAE, and examine and validate the use of
hematological parameters to predict the response and irAEs in
solid tumors.

Supplementary Material
Suppl 1. PFS and OS (months) by patient characteristics.

Suppl 2. Distribution of progression-free survival (PFS).

Suppl 3. Comparison of blood count before starting IT and at
the incidence of irAE.
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