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Abstract

Background: Perioperative use of immune checkpoint blockade (ICB] improves survival in
patients with early-stage cancer. Treatment-related adverse events (AEs), frequently involve
the endocrine system which may increase perioperative complications and affect quality of
life.

Objective: We conducted a meta-analysis to elucidate the impact of adding ICB to conventional

neoadjuvant/adjuvant therapy on the incidence of endocrine AEs.

Design: A systematic review and meta-analysis of randomize-controlled trials (RCTs).

Data sources and methods: A systematic search of PubMed, Embase, Web of Science, and
Cochrane library was performed for RCTs comparing groups with and without the addition

of ICB to conventional perioperative therapy in patients with cancer. Outcomes included
all-grade and grade 3-5 thyroiditis, hyperthyroidism, hypothyroidism, adrenal insufficiency,
hypophysitis, type 1 diabetes mellitus, and hyperglycemia. The odds ratios (ORs) of all-grade
and grade 3-5 endocrine were pooled using the random-effect model meta-analysis.
Results: Twenty-four RCTs comprising 12,199 patients were identified for meta-analysis. The
addition of ICB was associated with higher incidence of thyroiditis [all grade: OR=3.53 (95%
confidence interval (Cl): 1.88-6.64]], hyperthyroidism [all-grade: 7.18 (4.30-12.01); grade 3-5:
3.93 (1.21-12.82]], hypothyroidism [all-grade: 5.39 (3.68-7.90); grade 3-5: 3.63 (1.18-11.11]],
adrenal insufficiency [all-grade: 3.82 (1.88-7.79); grade 3-5: 5.91 (2.36-14.82]], hypophysitis
[all-grade: 10.29 (4.97-21.3); grade 3-5: 5.80 (1.99-16.92]], and type 1 diabetes mellitus [all-
grade: 2.24 (1.06-4.74); grade 3-5: 3.49 (1.21-10.08)]. The cumulative incidence of each grade
3-5 endocrine AE was low (<1.3%). No grade 5 AEs leading to death were observed.
Conclusion: The addition of neoadjuvant/adjuvant ICB to conventional therapy was associated
with an increased incidence of several endocrine AEs. Clinicians should be aware of the risk
of endocrinopathy from the perioperative ICB use to facilitate risk-benefit discussion with
patients with early-stage cancer.

Trial registration: The protocol of this research was registered in PROSPERO
(CRD42022332624).
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Introduction

In recent decades, immunotherapy including
immune checkpoint blockade (ICB) and cellular
therapy has emerged as the ‘fifth pillar’ of cancer
therapy, expanding the ranks of surgery, chemo-
therapy, radiation, and targeted therapy.!:2 ICB
has become one of the most important break-
throughs in cancer treatment, especially in patients
with advanced, recurrent, and metastatic can-
cer.>5 Four different groups of ICB, including
programmed cell death protein-1 (PD-1), pro-
grammed cell death ligand-1 (PD-L1), cytotoxic
T lymphocyte-associated protein-4 (CTLA-4),
and lymphocyte-activation gene 3 (LAG-3) block-
ade have been approved by the U.S. Food and
Drug Administration for the treatment of various
types of cancer. ICB was approved for advanced
cancer after ipilimumab showed efficacy in
patients with advanced/metastatic melanoma.®
The incorporation of ICB into neoadjuvant or
adjuvant therapy with surgery and/or radiotherapy
also showed survival benefits, leading to approval
in the perioperative setting in 2015.7 Multiple
clinical trials have shown perioperative ICB, either
monotherapy or combined with chemotherapy,
resulted in improved survival in non-small cell
lung cancer, breast cancer, urothelial carcinoma,
and renal cell carcinoma.® 19 Therefore, ICB is
currently used as adjuvant and neoadjuvant treat-
ment for many resectable cancers.

ICB disrupts immunologic homeostasis by reacti-
vating cellular immunity, increasing the incidence
of treatment-related adverse events (trAEs),
mostly immune toxicities known as immune-
related adverse events (irAEs).!! Endocrine
adverse events (AEs), including thyroiditis,
hyperthyroidism, hypothyroidism, hypophysitis,
adrenal insufficiency, and type 1 diabetes melli-
tus, occur in approximately 10% of patients
treated with ICB.12:13 The incidence, risk, and
management of irAEs has been evaluated in pre-
vious studies in patients with unresectable/meta-
static cancers.!# Severe trAEs may lead to delay or
cancellation of surgery, increased postoperative
complications, and even fatal events.!510
Endocrine AEs may necessitate life-long hormone
replacement therapy and negatively affect
patients’ quality of life. These risks must be bal-
anced with the potential for prolonged survival
and cure among patients with early stage dis-
ease.l” Therefore, data are needed to assess the
incidence of endocrine AEs among patients
receiving neoadjuvant and adjuvant ICB for cura-
tive intent.

We performed a systematic review and meta-
analysis of endocrine AEs in patients receiving
neoadjuvant/adjuvant therapy with ICB to evalu-
ate the effect of the addition of ICB on the inci-
dence of endocrine AEs, which guides clinicians
providing perioperative ICB therapy for patients
with early-stage cancer.

Methods

Data source and search strategy

We conducted a systematic review and meta-
analysis under Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA)
criteria.!® We performed a systematic search of
PubMed, EMBASE, Web of Science, and
Cochrane library to identify articles up to 18
December 2022, reporting results of randomized
controlled trials (RCTs) evaluating neoadjuvant
and adjuvant therapy with ICB in patients with
solid tumors. The search strategy is described in
Supplemental Table 1. The protocol of this
research was registered in PROSPERO with a
registry number CRD42022332624.

Study selection

To evaluate the effect of ICB on the incidence of
endocrine AEs, studies meeting the following inclu-
sion criteria were chosen for meta-analysis!®20: (1)
RCTs reporting the efficacy and safety of neoad-
juvant and/or adjuvant ICB in patients with solid
tumors; (2) RCTs with an experimental arm of
ICB combined with conventional neoadjuvant/
adjuvant therapy and a control arm of the same
conventional neoadjuvant/adjuvant therapy (such
as ICB wersus placebo/observation, ICB plus
chemotherapy versus chemotherapy, ICB-‘1’ plus
ICB-2’versus ICB-‘2); and (3) RCT reporting
the results of endocrine AEs. If multiple articles
reported results of the same RCT, we chose an
article that contained the most-updated informa-
tion on endocrine toxicity.

Data extraction

Two investigators (SZ and YF) independently
extracted data from all eligible studies. Any dis-
crepancies between review authors were resolved
by consensus. We recorded the following infor-
mation of each eligible RCT: first author’s name,
publication year, study name, cancer type, cancer
status, treatment setting (adjuvant and/or neoad-
juvant), ICB subtype, treatment in each arm,
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RCT design (double-blind, open-label), reported
endocrine AEs, the number of patients, the num-
ber of all-grade, and grade 3-5 endocrine AEs
(thyroiditis, hyperthyroidism, hypothyroidism,
hypophysitis, adrenal insufficiency, type 1 diabe-
tes mellitus, and hyperglycemia). The Cochrane
Risk of Bias Tool was used to evaluate the risk of
bias for each RCT.2! TrAEs were prioritized for
data extraction and meta-analysis, but irAEs were
chosen if no trAEs were reported in eligible
studies.

Statistical analysis

We recorded the number of patients and endo-
crine AEs in each treatment arm and calculated
the odds ratio (OR) and corresponding 95% con-
fidence interval (CI) of each all-grade and grade
3-5 endocrine AEs. We then performed a meta-
analysis of each endocrine AE by pooling ORs
using random-effects models. A p-value less than
0.05 was considered statistically significant.
Funnel plots were applied to evaluate publication
bias of each outcome with more than 10 studies.
Subgroup analyses were conducted based on ICB
class (PD-1, PD-L1, and CTLA-4 blockade) and
clinical trial setting (neoadjuvant and/or adju-
vant). Cochran’s Q-test and I? statistics were used
to evaluate the heterogeneity in each analysis. I?
values of greater than 50% were considered as
substantial heterogeneity in our study. We used
RevMan 5.4 (The Cochrane Collaboration,
Copenhagen, Denmark) for these analyses.?2 The
incidence of each AEs was calculated as the num-
ber of total events divided by the number of
patients receiving ICB treatment in both experi-
mental and control arms.

Results

Eligible studies and baseline characteristics

The systemic search identified 3602 records.
After removing 1520 duplicates and 1997 records
by title and abstract screening, full texts of 85
articles were reviewed in detail. Finally, 24 stud-
ies involving 12,199 patients were included for
meta-analysis.”?3-4% The PRISMA flow diagram
for a systematic review is shown in Figure 1.

The characteristics of 24 included studies are
summarized in Table 1. Overall, 10, 12, and 2
studies evaluated ICB in neoadjuvant, adjuvant,
and neoadjuvant/adjuvant settings, respectively.
Regarding ICB subtype, 6, 10, and 8 studies

assessed CTLA-4, PD-1, and PD-L1 blockade,
respectively. About treatment design, 5 studies
compared dual ICB therapy to ICB monother-
apy, 11 studies compared ICB to placebo/obser-
vation, and 8 studies compared ICB plus
chemotherapy to the same chemotherapy. Most
commonly evaluated cancers were malignant
melanoma (n=5), breast cancer (z=5), and non-
small cell lung cancer (n=3) (Table 1).

Meta-analysis of endocrine AEs

We performed meta-analyses of all-grade and
grade 3-5 endocrine AEs: thyroiditis, hyperthy-
roidism, hypothyroidism, hypophysitis, adrenal
insufficiency, type 1 diabetes mellitus, and hyper-
glycemia. The results of these meta-analyses are
summarized in Figure 2 and Table 2. No grade 5
endocrine AEs were observed.

Thyroid dysfunction

The addition of ICB to conventional neoadjuvant
or adjuvant therapy was associated with an
increase in the incidence of all-grade thyroiditis
(OR: 3.53, 95% CI: 1.88-6.64, p<<0.001),
hyperthyroidism (OR: 7.18, 95% CI: 4.30-12.01,
$<<0.001), and hypothyroidism (OR: 5.39, 95%
CI: 3.68-7.90, p<0.001) [Table 2 and
Supplemental Figure 1(A)-(C)]. For grade 3-5
thyroid dysfunction, the addition of ICB to con-
ventional perioperative treatment significantly
increased the incidence of hyperthyroidism (OR:
3.93, 95% CI: 1.21-12.82, p=0.02) and hypo-
thyroidism (OR: 3.63, 95% CI. 1.18-11.11,
p»=0.02), but did not increase the incidence of
thyroiditis (OR: 3.57, 95% CI: 0.42-30.58,
p=0.25) [Table 2 and Figure 3(a)-(c)]. The inci-
dence of grade 3-5 thyroid-related AEs in patients
treated with ICB was low: 0.13% (IN=4/3191)
for thyroiditis, 0.20% (N=12/5973) for hyper-
thyroidism, and 0.19% (IN=12/6448) for
hypothyroidism.

In subgroup analysis according to ICB subtype,
the addition of PD-1 or PD-L1 blockade was
associated with a higher incidence of all-grade
thyroid dysfunction. In contrast, CTLA-4 block-
ade was not associated with increased incidence
of any all-grade thyroid AEs. None of the ICB
subtypes were associated with higher incidence of
grade 3-5 thyroid dysfunction (Table 2).
Moderate heterogeneity among subgroups of ICB
subtype was observed for all-grade hyperthyroid-
ism (I?=64.6%) and hypothyroidism (I?=53.6%),
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Figure 1. Flow diagram of study selection.
RCTs, randomized controlled trials.

but when analysis was limited to 18 studies of
PD-1/PD-L1 blockade, heterogeneity between
subgroups became low (I?=14.5% for hyperthy-
roidism and 0% for hypothyroidism), suggesting
high heterogeneity derived from discrepancy
between CTLA-4 and PD-1/PD-L1 subgroups.

Adrenal insufficiency and hypophysitis

The addition of ICB resulted in a significantly
higher incidence of adrenal insufficiency (all-
grade: OR: 3.82, 95% CI: 1.88-7.79, p<0.001;
grade 3-5: OR: 5.91, 95% CI: 2.36-14.82,
p»<0.001) and hypophysitis (all-grade: OR:
10.29, 95% CI: 4.97-21.3, p<<0.001; grade 3-5:
OR: 5.80, 95% CI: 1.99-16.92, p=0.001). The
incidence of grade 3-5 adrenal insufficiency and

hypophysitis in patients treated with ICB was
0.66% (N=31/46711) and 1.28% (IN=44/3434),
respectively. Subgroup analysis by ICB subtype
showed that the incidence of all-grade and grade
3-5 adrenal insufficiency and hypophysitis were
significantly increased by the addition of PD-1
blockade but not by the addition of CTLA-4 or
PD-L1 blockade [Table 2, Figure 3(d) and (e),
and Supplemental Figure 1(D) and (E)].
Heterogeneity was not high among ICB subtypes
for these AEs (Table 2).

Type 1 diabetes mellitus and hyperglycemia

The addition of ICB to conventional periopera-
tive therapy resulted in an increase in the inci-
dence of type 1 diabetes mellitus (all-grade: OR:
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Figure 2. Radar chart illustrating pooled odds ratios of endocrine adverse events associated with immune
checkpoint blockade. Seven axes represent the log-transformed odds ratio of each endocrinopathies. The
incidence of all-grade adverse events is represented in blue, whereas grade 3-5 adverse events are plotted in

orange.

2.24, 95% CI: 1.06-4.74, p=0.03; grade 3-5:
OR: 3.49, 95% CI: 1.21-10.08, p»=0.02).
Moderately high heterogeneity among ICB sub-
types was found for all-grade type 1 diabetes mel-
litus (I?=52.5%). On the other hand, the
incidence of both all-grade and grade 3-5 hyper-
glycemia was not significantly increased by the
addition of ICB (all-grade: OR: 1.03, 95% CI:
0.76-1.39, p=0.87; grade 3-5: OR: 1.55, 95%
CI: 0.77-3.10, p=0.22). The incidence of grade
3-5 type 1 diabetes mellitus and hyperglycemia in
patients treated with ICB was 0.44%
(N=22/4948) and 1.18% (IN=20/1688), respec-
tively. The summary of subgroup analysis based
on ICB subtype is shown in Table 2, Figure 3(f)
and (g), and Supplemental Figure 1(F) and (G).

Subgroup analysis based on clinical trial setting

We next conducted subgroup analyses based on
clinical trial setting (neoadjuvant and adjuvant
therapy). Only a single small study included
patients who received ICB in the neoadjuvant set-
ting, therefore this result should be interpreted

with caution. The addition of ICB in the adjuvant
setting was associated with a significant increase
in the incidence of grade 3-5 type 1 diabetes mel-
litus (OR: 5.10, 95% CI: 1.52-17.05, p=0.008),
but this increase was not seen in the neoadjuvant
setting (OR: 0.31, 95% CI: 0.01-8.28, p=0.49)
with moderate subgroup differences (I2=56.3%,
p=0.12). Otherwise, no significant subgroup het-
erogeneity between neoadjuvant and adjuvant
groups was observed for all-grade and grade 3-5
endocrinopathies (Supplemental Table 2).

Comparison of dual ICB with ICB monotherapy
We also compared the incidence of endocrine
AEs from dual ICB (PD-1 and CTLA-4 block-
ade) to that from PD-1 blockade alone. As shown
in Supplemental Table 3, the incidence of all-
grade and grade 3-5 endocrine AEs was not sig-
nificantly different between patients on dual ICB
and those on ICB monotherapy although the
number of RCTs included in an analysis of each
endocrine AE was low (all grade: n=1-5, grade
3-5: n=1-2).
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Figure 3. (Continued)
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Figure 3. Forest plot of grade 3-5 endocrine adverse events with subgroup analyses based on ICB subtype.
(a) Thyroiditis. (b) Hyperthyroidism. (c) Hypothyroidism. (d) Adrenal insufficiency. (e] Hypophysitis. (f] Type 1
diabetes mellitus. (g) Hyperglycemia.

Cl, confidence interval; CTLA-4, T lymphocyte-associated protein 4; ICB, immune checkpoint blockade; PD-1, programmed
cell death protein-1; PD-L1, programmed cell death ligand-1.
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Risk of bias and publication bias

According to the Cochrane risk-of-bias tool, 12,
8, and 4 RCTs were judged at a low, moderate,
and high risk of bias, respectively. Twelve RCTs
with open-label design were at high risk of bias in
outcome measurement. A summary of the risk of
bias assessment is presented in Supplemental
Figure 2. Funnel plots evaluating publication bias
showed a symmetrical distribution, suggesting
there was no obvious publication bias among the
studies (Supplemental Figure 3).

Discussion

With this meta-analysis, we investigated the effect
of the addition of ICB to conventional neoadju-
vant/adjuvant therapy on the incidence of endo-
crine toxicities in patients with solid tumors.
Incorporating ICB as a part of perioperative ther-
apy significantly increased the incidence of all-
grade and grade 3-5 thyroid dysfunction,
hypophysitis, adrenal insufficiency, and type 1
diabetes mellitus. Because these AEs often require
life-long hormone replacement therapy, our work
supports risk and benefit discussion with patients
who receive neoadjuvant/adjuvant ICB therapy.

Thyroid AEs are among the most common endo-
crine toxicities related to ICB therapy.4°
Consistent with our previous finding, this study
showed an increase in thyroiditis, hyperthyroid-
ism, and hypothyroidism associated with the
addition of ICB.47 Subgroup analysis revealed
hyperthyroidism and hypothyroidism to be more
likely with addition of PD-1 or PD-L1 blockade
than with CTLA-4 blockade. Although our work
did not focus on the incidence of endocrine AEs
from dual checkpoint blockade, this is consistent
with prior data that dual CTLA-4 and PD-1
blockade had the highest incidence of thyroid
issues, followed by PD-1, PD-L1, and CTLA-4
blockade in advanced disease.!1:#8 The difference
in the incidence of thyroid dysfunction based on
ICB subtype may derive from expression of PD-1
ligands including PD-L.1 and PD-L2 on normal
thyroid tissue.%®

In our study, ICB was associated with a signifi-
cantly higher incidence of both all-grade and
grade 3-5 hypophysitis and adrenal insufficiency.
Subgroup analysis revealed an increase in the
incidence of hypophysitis and adrenal insuffi-
ciency associated with addition of PD-1 block-
ade, but not CTLA-4 blockade statistically. The

reliability of these results is limited by the small
number of studies utilizing CTLA-4 blockade
included in the subgroup analysis. Hypophysitis
has been described as more frequently associated
with CTLA-4 blockade than with PD-1 or PD-L1
blockade in studies evaluating patients with
advanced disease.>%51 CTLA-4 expression on the
pituitary gland has been implicated in CTLA-4
blockade-induced hypophysitis, but the associa-
tion between the PD-1-PD-L1 axis and hypo-
physitis has not been fully explored yet.5253
Adrenocorticotropic hormone (ACTH) defi-
ciency is occasionally seen in patients treated with
PD-1 blockade; therefore, expression of PD-1 on
ACTH-secreting cells may be involved in the
pathogenesis of hypophysitis induced by PD-1
blockade.>* These AEs require prolonged hor-
mone replacement therapy, which causes a sig-
nificant burden and impairs quality of life,
particularly in patients with early-stage disease.
Therefore, further study is warranted to elucidate
the pathophysiology and incidence of hypophysi-
tis and adrenal insufficiency associated with ICB.

Type 1 diabetes mellitus is an endocrine AE
oftentimes associated with PD-1/PD-L1 block-
ade.5%55 In our study, the addition of ICB was
associated with a higher incidence of type 1 dia-
betes, particularly with the addition of PD-1
blockade, consistent with previous research in the
advanced disease setting.3%5% The finding of our
study supports further research investigating risk
factors, incidence, and pathophysiology of
immune-related diabetes mellitus to guide discus-
sion about the risk of neoadjuvant/adjuvant ICB
therapy.

Unlike irAEs involving other organ systems,
where steroids are often used as first-line treat-
ment, managing endocrine AEs may require a
unique approach. For endocrine AEs, high-dose
steroids usually play a limited role, and endocrine
organ failure from ICB is often irreversible,
requiring lifelong treatment with hormone
replacement or insulin therapy.57:® Patients
receiving neoadjuvant and adjuvant ICB have
potentially curable cancer; however, they may
experience a negative impact in their quality of
life as a result of an endocrine AE. Hypophysitis
and type 1 diabetes mellitus may be life-threaten-
ing if unrecognized. Clinicians should strive for
early detection of ICB-mediated endocrinopa-
thies through vigilant monitoring of signs and
symptoms and serial laboratory surveillance.
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Our study has several limitations. First, the effect
of each ICB subtype on endocrinopathies was not
compared head-to-head because the aim of this
study was to investigate the effect of the addition
ICB to conventional neoadjuvant/adjuvant ther-
apy on the incidence of endocrine AEs. Subgroup
analyses based on ICB subtype may give an
insight on differences in the incidence of endo-
crine AEs among ICB mechanisms; however, this
subgroup analysis was based on a small number
of RCTs, limiting the statistical power to assess
some subgroups, particularly CTLA-4 blockade.
The number of studies was insufficient to com-
pare the incidence of endocrine AEs according to
cancer type or individual ICB agent (nivolumab,
pembrolizumab, etc.). Additionally, risk factors
associated with the development of endocrine
AEs, such as genetic predisposition, were not
reported in the studies included in this meta-anal-
ysis; therefore, the impact of patients’ risk factors
on the analysis cannot be estimated. Further
studies utilizing individual patient data could elu-
cidate risk factors for development of endocrine
AEs associated with use of ICB. Lastly, the
included RCTs did not include information on
the association between endocrine AEs and surgi-
cal delays and cancellations; thus, our study was
unable to perform an analysis investigating the
impact of endocrine AEs on the surgery itself.
The occurrence of endocrine AEs in the neoadju-
vant setting may affect the surgical schedule,
which could lead to worse surgical outcomes.
Future studies are needed to evaluate the impact
of these AEs on surgery delays and cancellations.

Conclusion

Addition of ICB to conventional neoadjuvant/
adjuvant therapy for treatment of solid tumors
was associated with an increase in the incidence of
a variety of endocrine AEs. Patients receiving ICB
in the perioperative setting have an elevated risk of
thyroid dysfunction, hypophysitis, adrenal insuf-
ficiency, and type 1 diabetes mellitus. Clinicians
utilizing neoadjuvant and adjuvant ICB for treat-
ment of early stage cancer must balance the risk of
irreversible endocrinopathy with the potential for
cure and guide risk-benefit discussion with
patients given the risk of life-long complications
from endocrine AEs associated with ICB.
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