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ABSTRACT

Background. Immune-related adverse events (irAEs) have
emerged as a serious clinical issue in the use of immune check-
point inhibitors (ICIs). Risk factors for irAEs remain controversial.
Therefore, we studied sex differences in irAEs in patients treated
with anti-programmed cell death protein 1 (PD-1) therapy.
Materials and Methods. All patients with metastatic mela-
noma and non-small cell lung cancer (NSCLC) treated with
anti-PD-1 therapy at Mayo Clinic Rochester and Florida from
2015 to 2018 were reviewed. Kaplan-Meier method and log-
rank test was used for time-to-event analysis.
Results. In 245 patients with metastatic melanoma, pre-
menopausal women were more likely to experience irAEs (all
grades) compared with postmenopausal women andmen (67%
vs. 60% vs. 46%), primarily because of an increase in endocrino-
pathies (33% vs. 12% vs. 10%, respectively). In patients with

NSCLC (231 patients), women (all ages) were also more likely to
develop irAEs of all grades (48% vs. 31%). Women with NSCLC
were more likely to develop pneumonitis (11% vs. 4%) and
endocrinopathies (14% vs. 5%). No differences in grade ≥3 tox-
icities were seen across sexes in both cohorts, but women were
more likely to receive systemic steroids for the treatment of
irAEs compared with men. Better progression-free-survival was
observed in women with NSCLC and irAEs (10 months
vs. 3.3 months) compared with women without irAEs.
Conclusion. Women with metastatic melanoma and NSCLC
are more likely to experience irAEs compared with men.
We also observed differences between sexes in the fre-
quency of certain irAEs. Larger studies are needed to inves-
tigate the mechanisms underlying these associations. The
Oncologist 2019;24:e1148–e1155

Implications for Practice: The results of this study suggest that women may be at a higher risk for immune-related adverse
events (irAEs) compared with men when treated with anti-programmed cell death protein 1 therapy. In addition, women were
more likely to develop certain irAEs, including endocrinopathies and pneumonitis. Close follow-up of women undergoing treat-
ment with immune checkpoint inhibitors will allow clinicians to diagnose these treatment-related complications early, poten-
tially reducing their associated morbidity and mortality. In addition, a possible association between irAEs and response to
therapy was observed.

INTRODUCTION

Immune checkpoint inhibitors (ICIs) have changed the
treatment landscape in oncology. These agents were first
introduced for the treatment of metastatic melanoma and
advanced non-small cell lung cancer (NSCLC) [1, 2] and have
now become a primary treatment modality for a number of

cancers, resulting in prolonged survival for some patients.
The primary target of ICIs include cytotoxic T-lymphocyte
associated protein 4 (CTLA-4), programmed cell death protein
1 (PD-1), and programmed cell death ligand 1 (PD-L1). Inter-
estingly, the target of these drugs is not the tumor, as with
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conventional cytotoxic chemotherapy and targeted therapy;
rather, they work through the activation of cellular immunity
by the blockage of negative regulators such as CTLA-4 and the
PD-1-PD-L1 axis [3]. Despite important clinical benefits, check-
point inhibition is associated with a unique spectrum of side
effects defined as immune-related adverse events (irAEs).

Immune-related adverse events have emerged as a seri-
ous clinical problem in the use of ICIs. They include derma-
tologic, gastrointestinal, hepatic, endocrine, and other less
common inflammatory events [4]. These adverse events are
believed to emerge from immunologic hyper-activation of
normal tissues and are usually treated with immunosup-
pressive agents such as corticosteroids or tumor necrosis
factor-alpha antagonists [5, 6]. Although rare, fulminant
and even fatal toxicities may occur with immune checkpoint
inhibitors [7–9], and therefore, prompt recognition, identifi-
cation of possible risk factors, and early treatment are vital.

Studies have suggested symptomatic brain metastasis [10]
and high body mass index (BMI) [11] as clinical risk factors for
the development of irAEs. Moreover, several biomarkers have
been linked with irAEs, including high levels of interleukin
(IL) 17 in patients with melanoma receiving ipilimumab [12],
eosinophilia [13], and certain immunologically relevant genes
[14], but additional studies are necessary before any of these
biomarkers can be used in the clinic.

No studies have explored possible differences between
sexes in the incidence of irAEs, despite many lines of evidence
describing differences in immune responses between women
and men [15, 16], higher incidence of autoimmune disorders
in women [17, 18], and the effect of sex hormones on the
immune system from CD4 T cells regulation to the enhance-
ment of immunoglobulins production [19–21]. In addition,
irAEs and their association with response to therapy remain
unclear. Therefore, we studied differences between sexes in
irAEs and their potential link with response to therapy in
patients with metastatic melanoma and NSCLC treated with
anti-PD-1 agents.

MATERIALS AND METHODS

With approval of the Mayo Clinic Institutional Review Board
and following Health Insurance Portability and Accountabil-
ity Act regulations, we conducted a retrospective review of
all patients with metastatic melanoma or NSCLC treated with
anti-PD-1 agents at Mayo Clinic in Rochester, Minnesota,
and Jacksonville, Florida, from January 1, 2015, to May
31, 2018.

Records were individually reviewed by nonblinded study
investigators. Diagnosis of NSCLC or melanoma was made
according to the 2010 World Health Organization and the
American Joint Committee on Cancer histologic stage classifi-
cation of NSCLC and melanoma. In order to be included in
the study, the following characteristics were required: initial
diagnosis of metastatic melanoma or NSCLC had to be made
at our institution or confirmed by our Department of Labora-
tory Medicine and Pathology; age >18 years; follow-up at our
institution after initial treatment (minimum five outpatient
visits after the time of diagnosis, including disease assess-
ment by imaging); and accurately recorded vital status, time
of progression, and time of death. Data from patients that

discontinued therapy because of irAEs were collected and
included until last available follow-up or death.

Patients were excluded based on the following criteria:
diagnosis of uveal melanoma, receipt of immune checkpoint
inhibitors at an outside facility, history of autoimmune disor-
ders, taking more than 10 mg of prednisone daily before the
initiation of anti-PD-1 therapy, or history of previous treat-
ment with anti-CTLA-4, anti-PD-1, or anti-PD-L1 agents. We
excluded patients receiving anti-PD-L1 therapy in order to
have a more homogenous group and better define adverse
events in patients receiving nivolumab and pembrolizumab.

In the case of NSCLC, patients with a history of recent
thoracic radiation (≤30 days from initiation of an immune
checkpoint inhibitor) were also excluded from the final
analysis. Thoracic radiation is a known risk factor for pneu-
monitis; the interval of 30 days from radiation was selected
in order to reduce the confounding effect of radiation to
the cases of immune-related pneumonitis.

The study sample was divided into two tumor types:
NSCLC and melanoma. We analyzed patients’ demographics
and tumor clinicopathologic features. Immune-related adverse
events features include the type of irAEs and irAEs grades as
recorded in the patient’s chart and confirmed by investigator
assessment following the Common Terminology Criteria for
Adverse Events grading scale in managing immune-mediated
adverse events [22, 23]. Additionally, if patients were
referred to a subspecialist (i.e., pulmonology), irAEs grades
were recorded and compared with original grading. We also
extracted the treatment for the irAEs and the rates of ther-
apy discontinuation due to irAEs. Progression-free survival
(PFS) and overall survival (OS) were calculated in months.

We considered women ≥52 years of age to be postmeno-
pausal in consensus with prior epidemiology studies [24–26].
Although some studies have considered >50 years as the age
cutoff for menopause, this population may contain perimeno-
pausal women, potentially confounding the results. In addi-
tion, chemotherapy is known to induce early menopause in
women. Using chronological age to separate women into pre-
and postmenopausal cohorts may have placed patients in the
premenopausal cohort despite having prolonged amenorrhea
after cytotoxic therapy [27]. However, the median age for
menopause in the U.S. has been reported at 51.4 years and is
a reflection of complete, or near complete, ovarian follicular
depletion, with resulting hypoestrogenemia and high follicle-
stimulating hormone (FSH) concentrations [28, 29].

Response assessment varied by tumor type. This was evalu-
ated by positron emission tomography-computed tomography
(PET-CT) scans in the melanoma cohort and by conventional CT
scans in the NSCLC cohort. A patient was classified as a
responder in the presence of complete response or partial
response as per RECIST 1.1 at their first tumor assessment
[30], with most patients (93%) having their restaging scans at
10–12 weeks after the initiation of anti-PD-1 therapy. Further
restaging imaging was not included in the analysis.

Statistical Analysis
Data analysis was performed using JMP statistical software
(JMP for Windows, version 14; SAS Institute Inc., Cary, NC).
Patient characteristics and irAEs were compared by one-
way analysis for continuous variables, and the chi-square
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test was used for categorical variables. Fisher’s exact test
was used for small samples (expected values <5). Multino-
mial logistic regression analysis was used to compare clini-
cal and pathologic characteristics among the patients with
irAEs. For progression-free survival calculations, the date of
diagnosis was defined as the starting point, and the date of
disease progression was defined as the endpoint. Time-to-
event was calculated using the Kaplan-Meier method for
patients both with and without irAEs, and univariate com-
parison between the two groups was carried out by using
the log-rank test. Multivariable regressions were used to
examine the effect of sex in the risk of developing irAEs.
Variables considered in the multivariable model included
all relevant clinical and pathologic factors (age, sex, race/
ethnicity, performance status, smoking history, mutational
status, histology [squamous and nonsquamous NSCLC], stage,
presence of liver, brain, or bone metastases, lines of therapy,
previous systemic therapy, and PD-L1 tumor expression level
in NSCLC). Regarding previous systemic therapy, for patients
with metastatic melanoma, we recorded previous exposure
to granulocyte-macrophage-colony-stimulating factor (GM-
CSF) in the metastatic setting, and for patients with NSCLC,
previous therapies were subdivided by platinum-based, taxol
monotherapy, and other. All previous systemic therapies were
included in the multivariable model.

In this exploratory retrospective analysis of our data set,
we considered p values <.05 to be significant.

RESULTS

Melanoma Cohort
A total of 463 patients with metastatic melanoma were identi-
fied; 218 patients were excluded because of incomplete data,
receiving anti-PD-1 therapy at an outside facility, or prior treat-
ment with ipilimumab. For the analysis, 245 patients were
included: 148 (60%) were men, 30 (12%) were premenopausal
women (<52 years of age), and 67 (27%) were postmenopausal
women (Fig. 1). Baseline characteristics were similar among
the three groups (Table 1). Premenopausal women were more
likely to have received prior treatment with GM-CSF (43%
vs. 27% in postmenopausal women and 18% in men, p < .01).
No interval time differences were observed from the last dose
of GM-CSF and first dose of anti-PD-1 agent between sexes.
Rates of prior radiation and chemotherapy were comparable
across the groups.

Regarding irAEs, premenopausal women were more likely
to develop irAEs compared with postmenopausal women and
men (67% vs. 60% vs. 46%, p < .04). We observed differences
in the type of irAEs developing in each group. Specifically,
premenopausal women were more likely to develop endocri-
nopathies and arthralgia compared with postmenopausal
women and men (Table 2). Higher rates of grade ≥3 irAEs
in premenopausal women were observed, but this was not
statistically significant (33% for premenopausal women
vs. 25% in postmenopausal women and 21% in men, p = .32).
All observed cases of myositis (n = 4) and hypophysitis (n = 4)
were reported in premenopausal women. The anti-PD-1 agent
was permanently discontinued because of irAEs in 23% of
premenopausal women compared with 12% of men (Table 2).

In this cohort, premenopausal women were more likely to
receive intravenous (IV) steroids for the treatment of irAEs com-
pared with postmenopausal women and men (47% vs. 19%
vs. 32%, respectively, p < .0001), despite similar rates of grade
3 and 4 irAEs between groups. The remaining patients with
grade 3 and 4 irAEs received treatment with oral steroids.

In a multivariate analysis of age, sex, performance sta-
tus, previous treatments, and presence of distant metasta-
ses, sex was the only variable associated with higher risk for
irAEs (odds ratio [OR]: 1.12, 95% confidence interval [CI]:
1.08–1.20, p < .035).

Non-Small Cell Lung Cancer Cohort
In this cohort, 416 patients were initially identified, of whom
185 were excluded because of incomplete data, use of ste-
roids, or receipt of anti-PD-1 therapy at another facility. We
included 231 patients, of whom only 6 women met the age
criteria for premenopausal classification (<52 years of age;
Fig. 1). Because of this small sample, patients were divided by
sex only: 120 (52%) were women, and 111 (48%) were men.
Baseline characteristics were overall comparable among
groups (Table 1). Men were more likely to be current or
former smokers (>100 cigarettes in a lifetime) compared
with women (63% [70] vs. 48% [57], p < .02). Adenocarci-
noma was most commonly seen in women (77% [92] vs.
66% [73], p < .02). Regarding mutational status, three (1.3%)
women were epidermal growth factor receptor mutated; no
cases of ALK and ROS1 mutated NSCLC were identified. No
differences in prior lines of treatments and the distribution
of anti-PD-1 agents (pembrolizumab and nivolumab) were
observed across sexes.

Women were more likely to experience irAEs compared
with men (48% vs. 31%, p < .008; OR: 2.04, 95% CI: 1.19–3.51).
Women were also more likely to develop pneumonitis (11%
vs. 4%, p < .04) and endocrinopathies (14% vs. 5%, p < .03;
Table 2). More cases of diabetic ketoacidosis were recorded in
women (six vs. one). However, dermatologic toxicities (14%
vs. 3%, p < .007) were reported more often in men. Similar to
the melanoma cohort, no differences in grade ≥3 irAEs were
seen. Among patients with irAEs (all grades), women were
more likely to be prescribed oral steroids (63% vs. 41%, p <
.02), despite no differences in grade ≥3 irAEs, including higher
rates of oral steroids prescription for some grade 2 irAEs. Rates
of treatment with IV steroids were 30% in women and 24% in
men (p = .47). In 17% of women, the anti-PD-1 agent was dis-
continued because of irAEs (men 7%, p < .04; Table 2).

In a multivariable analysis of age, sex, race/ethnicity, per-
formance status, smoking history, histologic subtype, tumor
PD-L1 expression >1%, lines of therapy, prior radiation, pre-
vious systemic therapy, and presence of liver or bone metas-
tasis, sex was the only clinical characteristic associated with
increased risk for irAEs in patients with NSCLC (OR: 1.38,
95% CI: 1.20–1.65, p < .001).

No difference in the rates of reported irAEs was observed
when dividing patients by tumor PD-L1 expression (>1% vs.
<1% or >50% vs. <50%).

Less than 7% of patients (melanoma and NSCLC) were
enrolled in a clinical trial receiving anti-PD-1 agents as mon-
otherapy. No differences in the rates and frequency of irAEs
were observed in this subgroup of patients.
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Immune-Related Adverse Events and Response to
Therapy
Immune-related adverse events were associated with a better
response to therapy and improved PFS in several subgroups of
patients. In melanoma, when all patients were considered,
patients that experienced irAEs were more likely to have a

radiographic response during their first disease assessment by
imaging (complete or partial response as per PET/CT scan
assessment) to anti-PD-1 agents regardless of sex (68% vs. 44%,
p < .002). When patients were divided by sex and menopausal
status, the differences were not statistically significant. There
was a trend toward better PFS in men with irAEs compared

Figure 1. Consolidated Standards of Reporting Trials diagram depicting the criteria used to include and classify patients in the analy-
sis (melanoma and non-small cell lung cancer).
Abbreviations: CTLA-4, cytotoxic T-lymphocyte associated protein 4; NSCLC, non-small cell lung cancer; PD-1, programmed cell
death protein 1; PD-L1, programmed cell death ligand 1.

Table 1. Patients’ baseline characteristics

Characteristics

Melanoma (n = 245) NSCLC (n = 231)

Pre-M W
(n = 30), n (%)

Post-M W
(n = 67), n (%)

Men (n = 148),
n (%) p value

Women
(n = 120), n (%)

Men (n = 111),
n (%) p value

Age >75 years N/A 24 (36) 45 (30) .53 31 (26) 38 (34) .20

Non-Hispanic white 30 (100) 67 (100) 147 (99) .99 117 (98) 104 (94) .20

ECOG PS ≥2 1 (3) 7 (10) 18 (12) .57 16 (13) 22 (20) .22

Bone metastasis 2 (7) 4 (6) 6 (4) .62 41 (34) 52 (47) .05

Brain metastasis 5 (17) 14 (21) 22 (15) .5 24 (20) 24 (22) .76

Liver metastasis 10 (33) 22 (33) 45 (30) .91 15 (13) 11 (10) .53

Lung metastasis 14 (47) 20 (30) 62 (42) .16 N/A N/A

Prior chemotherapy 4 (13) 11 (16) 27 (18) .79 89 (74) 94 (85) .07

Prior palliative radiation 11 (37) 36 (54) 87 (59) .08 63 (53) 63 (57) .52

Prior GM-CSF 13 (43) 18 (27) 27 (18) .01 N/A N/A

Nivolumab 8 (27) 12 (18) 25 (17) .42 71 (59) 80 (72) .05

Pembrolizumab 22 (73) 55 (82) 123 (83) 49 (41) 31 (28)

Abbreviations: EGOG PS, Eastern Cooperative Oncology Group Performance Status; GM-CSF, granulocyte-macrophage colony-stimulating factor;
N/A, not applicable; NSCLC, non-small cell lung cancer; Post-M W, postmenopausal women; Pre-M W, premenopausal women.
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with men without irAEs (16.5 months vs. 9.7 months, p = .05).
We did not observe this in premenopausal or postmenopausal
women with metastatic melanoma, which could be due to our
small sample size (30 and 67 patients, respectively). Immune-
related adverse events were associated with better OS
(34.3 months vs. 30.8 months, p < .02) in patients with
metastatic melanoma.

In the NSCLC cohort, women with irAEs were more likely
to have a radiographic response during their first disease
assessment (10–12 weeks from initiation of therapy) com-
pared with women without irAEs (78% vs. 23%, p < .0001),
although this was not observed in men (37% vs. 26%, p = .22).
Better PFS was observed in women with irAEs (10 months
vs. 3.3 months, p < .0006) compared with women without
irAEs (Fig. 2). Men with irAEs had a slightly better PFS (6.2
vs. 4.9 months, p = .09), but this was not statistically signifi-
cant. Immune-related adverse events were not associated
with better OS in patients with NSCLC.

DISCUSSION

We observed higher rates of irAEs in women in this retro-
spective review. In our melanoma cohort, we observed
higher rates of irAEs in premenopausal women compared
with postmenopausal women and men. Women with NSCLC
were also more likely to experience irAEs. Women were
more likely to develop endocrinopathies and arthralgias
compared with men. No differences in the grade ≥3 irAEs
were recorded between sexes, but women were more likely
to receive oral or intravenous steroids compared with men,
suggesting that women may be treated differently for these
immunotherapy complications. One possible explanation for
the discrepancy in the treatment of irAEs includes the differ-
ences in the type of irAEs experienced by each sex. Pneumo-
nitis was more frequently seen in women; this is generally
treated with oral or intravenous steroids. On the other hand,
men had higher rates of dermatologic toxicities, which are
usually treated with topical steroids.

The existing data regarding differences between sexes
in response to ICIs are mixed. Conforti et al. [31] conducted
a meta-analysis of 20 immune checkpoint inhibitor clinical
trials and reported that men have a larger treatment effect
from ICIs compared with women. The pooled reduction of
risk of death was double the size for male patients com-
pared with female patients. However, a recent systematic
review conducted by Wallis et al. [32] of 23 randomized ICI
clinical trials demonstrated no statistically significant associ-
ation between sexes and response to therapy. Although
these studies are hypothesis generating, the use of patients’
individual data could provide us with more specific answers
and include other factors such as comorbidities and health
care delivery characteristics that were not accounted in
these meta-analyses. As discussed by McQuade et al. [33]
an alternative explanation to these findings is that men
have worse survival with the control treatments than
women, and thus, their relative benefit from immunother-
apy is more significant. Stratification of outcomes instead
of the use of relative hazard ratios could provide a clearer
picture of this phenomenon.

Table 2. Immune-related adverse events by sex and tumor type

Characteristics

Melanoma (n = 245) NSCLC (n = 231)

Pre-M W,
n (%)

Post-M W,
n (%)

Men,
n (%) p value

Women,
n (%)

Men,
n (%) p value

irAEs 20 (67) 40 (60) 68 (46) .04 57 (48) 34 (31) .008

Grade ≥3 irAEs 10 (33) 17 (25) 31 (21) .32 20 (17) 12 (11) .27

Anti-PD-1 therapy DC
due to irAEs

7 (23) 10 (15) 18 (12) .28 20 (17) 8 (7) .04

irAEs classification

Endocrinopathies 10 (33) 8 (12) 15 (10) .003 17 (14) 6 (5) .03

Dermatologic toxicities 7 (23) 5 (8) 25 (15) .08 4 (3) 15 (14) .007

Arthralgia 5 (17) 10 (15) 4 (3) .001 5 (4) 1 (<1) .22

Diarrhea/colitis 4 (13) 4 (6) 22 (15) .18 4 (3) 4 (4) .99

Pneumonitis 2 (7) 1 (2) 4 (3) .36 13 (11) 4 (4) .04

Transaminitis/Hepatitis 1 (3) 7 (10) 10 (7) .45 7 (6) 3 (3) .34

Abbreviations: anti-PD-1, programmed cell death protein 1 antibody; DC, discontinuation; irAEs, immune-related adverse events; NSCLC,
non-small cell lung cancer; Post-M W, postmenopausal women; Pre-M W, premenopausal women.

Figure 2. Progression-free survival in women with non-small
cell lung cancer with irAEs and without irAEs.
Abbreviation: irAEs, immune-related adverse events.
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Several studies have described a correlation between
hyper-immunity and response to therapy, [34–36], and like
in our study, irAEs were associated with improved PFS for
both cohorts and better OS in the melanoma cohort. Owen
et al. [34] reported that sex was not associated with an
increased risk for irAEs, but this analysis was in an older
population with a median age of 67 years. In contrast, our
study included premenopausal women, who were found to
have the highest rates of irAEs. In addition, our larger sam-
ple size may have allowed for identification of the described
sex differences in irAEs. Over the past 3 decades, many stud-
ies have suggested differences between sexes in immune
responses; this has been observed in vaccination, microbiol-
ogy, and tumor-specific studies [37–40]. Women mount more
vigorous antibody- and cell-mediated immune responses than
men following either infection or vaccination [41–43]. Also,
women have a higher incidence of autoimmune diseases, and
the onset of these conditions are common during the repro-
ductive years, suggesting that the pathogenesis of irAEs could
be influenced by sex hormones [44–48]. Studies in patients
with endometriosis have reported a higher rate of autoim-
mune conditions in these patients, strengthening the link
between autoimmunity and sex hormones [49].

Additionally, estradiol is associated with upregulation of
CD4 T cells [50] and dendritic cells [51], increased survival
of autoreactive B cells [52], and decreased tumor necrosis
factor production [53]. These effects of estradiol on autoim-
munity can partially explain our observations. In our analy-
sis, sex was an independent risk factor for developing irAEs
in patients with either melanoma or NSCLC.

Factors that we did not account for such as race/
ethnicity [18], BMI [11, 54], and genetic predisposition to
autoimmune disorders [55] could also be risk factors for
developing irAEs.

We observed that women are more likely than men to
receive systemic steroids for the treatment of irAEs despite no
differences in the grade ≥3 irAEs. One study has suggested that
the use of steroids can decrease the efficacy of ICIs in patients
with NSCLC [56] as a result of possible IL-2 suppression and
the increase of immunosuppressive regulatory T cells [57], but
data from other studies suggested that treating irAEs with ste-
roids did not affect the outcome of patients with metastatic
melanoma [58, 59]. Today, we lack a consensus regarding the
effect of steroids on response to anti-PD-1 agents, but the vari-
ability observed in the treatment of women and men in our
study brings attention to the need for a standardized process
for treating irAEs. In 2018, the American Society of Clinical
Oncology and the National Comprehensive Cancer Network
released guidelines for the treatment of irAEs [6]. Consistent
adherence to guidelines will enable patients to receive the best
care, whether they are treated at tertiary centers or in commu-
nity practices.

In our study, patients with metastatic melanoma with irAEs
were more likely to respond to anti-PD-1 agents irrespective of
sex (with better PFS and OS). In the case of patients with
NSCLC, women with irAEs had better PFS and were more likely
to respond to anti-PD-1 therapy. However, this was not seen in
men with NSCLC. Immune-related adverse events were not
associated with better OS in patients with metastatic NSCLC. In
concordance with our findings, several retrospective analyses

have reported improved PFS and OS in patients with advanced
NSCLC or melanoma that developed grade 2 or higher irAEs
[34–36, 60, 61]. A prospective cohort of 43 patients with
NSCLC treated with nivolumab demonstrated a higher objec-
tive response rate in the patients that experienced irAEs (37%)
compared with those without irAEs (17%), as well as longer
median PFS (6.4 vs. 1.5 months) [62]. To our knowledge, a
strong relationship between irAEs and efficacy outcomes has
not been reported in large prospective studies. Comprehensive
and prospective studies are needed to enhance our under-
standing of these observations and to further determine if an
association between irAEs and response to therapy exists.

Our current study is unique because it looks at sex as a
biologic variable in the risk of developing irAEs. Our total
sample size of 476 patients represents one of the most
extensive studies from a single institution in regard to irAEs.
Including two cancer types allowed us to confirm our find-
ings and observe differences in the types of irAEs reported
for patients with melanoma and NSCLC. These observed dif-
ferences in the type and severity of irAEs between mela-
noma and NSCLC could in part be attributed to intrinsic
tumor characteristics.

Our study has several limitations, including its retrospective
design and the selection associated with care at a tertiary medi-
cal cancer. The relatively small sample size for premenopausal
women in the melanoma and NSCLC cohorts also limits the
strength of the conclusions. Furthermore, the use of chrono-
logic age for menopausal status classification could include
patients in their premenopausal period, but because of the ret-
rospective nature of our study, we could not obtain hormonal
levels. In our chart review, fewer than 5% of patients had
recorded FSH or luteinizing hormone levels at the time of can-
cer diagnosis. Lastly, only including first tumor assessments may
have excluded patients that experienced pseudoprogression or
delayed responses to immunotherapy.

CONCLUSION

In our retrospective study of patients with melanoma and
NSCLC, womenweremore likely to develop irAEs thanmen, and
this effect was more prominent in premenopausal women than
in postmenopausal women with metastatic melanoma. We also
observed differences in the type of irAEs; women more com-
monly developed endocrinopathies, pneumonitis, and arthral-
gias. Variations in irAEs were also observed between patients
with melanoma and those with NSCLC. Lastly, an association
with irAEs and response to therapy was observed in patients
with melanoma and women with NSCLC. Our findings could be
attributed to sex-based immunological differences that contrib-
ute to variations in the incidence of irAEs. Sex is a biological vari-
able that should be considered when evaluating adverse events
to anti-PD-1 agents. Larger prospective studies are needed to
confirm these results and investigate the etiologic mechanisms
underlying these associations.
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