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ABSTRACT

Introduction: Lung cancer is the leading cause of cancer-
related death and the second most often diagnosed malig-
nancy worldwide. Males have higher incidence of lung cancer
and higher mortality. It is hypothesized that the sex differ-
ences in survival are primarily driven by a better response of
females to treatment. The primary objective of this work is to
analyze and describe outcome differences between males
and females diagnosed with having lung cancer.

Methods: Data were obtained from a large hybrid
academic-community practice institution and validated with
Surveillance, Epidemiology, and End Results (SEER). The
initial cohort included patients aged more than or equal to
18 years diagnosed with having primary malignant lung
cancer. Patients were excluded from the analysis if they had
an unknown diagnosis date, were missing sex, or had prior
history of cancer. Chi-square, t test, and Kruskal-Wallis tests
were used to compare characteristics of males and females.
Risks were estimated by logistic and Cox regressions.

Results: A total of 8909 patients from our institution and
725,018 in SEER were analyzed. Male-to-female ratio was 1.0.
Females were more likely to undergo surgery and less likely
to be treated with immunotherapy. Females had higher rates
of documented psychological affections, depression, anxiety,
urinary tract infection, hypothyroidism, and hyperthyroid-
ism, while displaying lower rates of acute kidney injury,

myocardial infarction, and myocarditis. Paired multivariable
models revealed a lower risk of death for females in SEER
(hazard ratio for females = 0.84, confidence interval: 0.69-
1.02, p = 0.08) and equal risks in our institution (hazard ratio
for females = 0.84, confidence interval: 0.69-1.02, p = 0.08).

Conclusions: Female sex was associated with higher sur-
gical rates, lower immunotherapy use rates, higher rates of
endocrinologic complications after immunotherapy use, and
higher rates of psychological disorders.
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Introduction

Lung cancer is the leading cause of cancer-related
death and the second most often diagnosed malignancy
worldwide, estimated to have caused 1.8 million deaths
and 2.2 million new cases in 2020." In the United States,
lung cancer represents 12.4% of all new cancer cases,
with a median age at diagnosis of 71 years old and a 5-
year relative survival of 21.7%.” Besides the wide-
ranging clinicopathologic features, it 1is classified
broadly as non-small cell lung cancer (NSCLC), repre-
senting 85% of the cases, and small cell lung cancer
(SCLC), with 15% of the cases.””

Approximately 80% of the cases are attributable to a
history of smoking, with other validated risk factors
including radon exposure, air pollution, and occupational
workplace exposure.”® Despite the availability of low-
dose screening computed tomography scans for pa-
tients with important tobacco use, patients usually pre-
sent for diagnostic evaluation after becoming
symptomatic. The treatment strategy is tailored to the
TNM (primary tumor, regional lymph nodes, and distal
metastasis) stage and typically includes surgery,
chemotherapy, radiotherapy, and immunotherapy either
alone or combined.®

Sex differences in cancer incidence and outcomes are
well documented. Epidemiologic data indicate higher
incidence rates (>20%) and mortality rates (>40%) in
males, with a better prognosis for females when looking
at all cancers combined.”” Males have a higher incidence
of lung cancer, with sex ratios varying from 1.5 to 20,
and females tend to be diagnosed younger and at earlier
stages.” '? A delayed onset of the lung cancer epidemic
in females is attributed to changes in smoking patterns,
with developed countries demonstrating an increased
incidence among females and decreased incidence in
males.”®> Worldwide lung cancer mortality is approxi-
mately threefold higher in males with a current down-
ward trend for males and upward trend for females.”* ¢
Although lung adenocarcinomas are the most common
histologic subtype in both sexes, females have propor-
tionally more adenocarcinoma and less squamous cell
carcinoma when compared with males,” possibly owing to
differing smoking patterns in females compared with
males.”'*1°

It is hypothesized that the sex differences in lung
cancer survival are driven, in addition to other factors,
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by a better response of females to treatment. To our
knowledge, there are no studies with large cohorts
describing sex differences on treatment patterns and
treatment effects.”'” Therefore, the primary objective of
this work is to analyze and elucidate potential outcome
differences between males and females diagnosed
with having lung cancer at a single hybrid academic-
community practice institution.

Materials and Methods

This cohort is composed of patients with lung cancer
from a single large, hybrid academic-community practice
institution (herein referred to as University Hospitals
[UH]) in the United States, composed of an academic
campus and more than 18 community practice satellites.
Its research data repository is based on CAISIS, an open-
source, web-based cancer data management system that
integrates research with patient care from at least eight
disparate sources. The data sources encompass clinical
chart notes, coding and reimbursement claims, labora-
tory results, scheduling, tumor registry, clinical pathway
systems, and clinical trial database. Patient records from
2005 to 2020 were deidentified, and the study was
approved by the institutional review board. All the
analysis were performed in accordance with relevant
guidelines and regulations, respecting the Declaration of
Helsinki and a waive of the informed consent was
consented.

The initial cohort included patients aged more than
or equal to 18 years diagnosed with having primary
malignant lung cancer (determined using tumor registry
or electronic medical record International Classification
of Diseases [ICD] codes C34.XX and 162X, with X
standing for any integer).'®'® Patients were excluded
from the analysis if they had an unknown diagnosis date,
missing sex, or a prior history of cancer.

The data elements retrieved for each patient included
the following: demographics, tobacco use, comorbidity
index, tumor characteristics (histology -NSCLC or SCLC
or other- and stage), treatment modalities, complications
of treatment, and survival outcomes. The demographic
characteristics included age at diagnosis (categorized as
either <65 y or >65 y), race (white, black, Asian),
ethnicity (Hispanic, non-Hispanic), and medical insur-
ance (commercial insurance, Medicare, Medicaid, not
insured).” Additional demographic features were
extracted on the basis of the patient’s zip code using the
Social Determinants of Health Database from the Agency
for Healthcare Research and Qualityzo: median income,
percentage of population with only high school diploma,
percent population with less than high school diploma,
and percentage of employed population.

Smoking status (categorized as yes or no or former
according to the patient self-report during the
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anamnesis) and Charlson comorbidity score (extracted
from the comorbidities list on the basis of the ICD
codes)*' were obtained. Tumor characteristics included
cancer diagnosis date, histologic type (NSCLC, SCLC),
and clinical staging group (stages 0-II and III-1V,
according to the International Association for the Study
of Lung Cancer TNM system of the diagnosis year).
Stages 0 to II were considered earlier stages and stages
III to IV advanced stages.

Treatment patterns included the use of single or
multiple treatment modalities: chemotherapy, radio-
therapy, immunotherapy, targeted therapy, and surgery.
Medications included in each category are described in
Supplementary Table 1. Time to and on treatment vari-
ables were extracted on the basis of first day of diag-
nosis, first day of therapy, and last day of therapy and
categorized according to median values. Compliance to
treatment was calculated based on cancelled appoint-
ments divided by the total number of appointments for
each patient.

Treatment complications were extracted on the basis
of ICD, Ninth Revision, and ICD, Tenth Revision, codes
from the comorbidities list, where only diagnoses occur-
ring after the date of first treatment were considered.
Complications from any treatment included cognitive
decline or dementia (yes, no), psychological disorders
(ves, no) and their subtypes, and oxygen dependence after
treatment (yes, no). Surgical complications included those
most often reported in the literature and 30-day and 90-day
mortality after surger'y.zz'25 Chemotherapy complications
included those most frequently reported in the litera-
ture.”>*” Complications from checkpoint inhibitor therapy
were described as immune-related adverse events (irAEs)
(ves, no) and subtypes of irAEs.”®*° The ICD codes and
categorizations are summarized on Supplementary Table 1.
Outcomes included vital status (yes, no) and median sur-
vival (mo). Patients who had a reported date of death were
considered dead, whereas those with no reported date of
death were considered alive.

The Surveillance, Epidemiology, and End Results
(SEER) program data set was used to compare and
validate our findings with the general U.S. population.
Data were obtained from SEER*stat software on the
basis of SEER research plus database for lung cancer
diagnosis between 2005 and 2018.°' The variables
analyzed were categorized after the methodology
applied to the UH database and included age at diag-
nosis, race, ethnicity, histology, clinical staging, chemo-
therapy, surgery, vital status, and median survival.

Statistical Analysis

Pearson’s chi-square tests were used to compare
categorical variables by sex. To compare continuous
variables by sex, the normality was checked using
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normal plots and the Kolmogorov-Smirnov test, pro-
ceeding with t test for normally distributed data, and the
nonparametric Kruskal-Wallis for non-normally distrib-
uted data. The influence of sex on time to treatment, time
on active treatment, treatment complications, surgery
complications, and chemotherapy complications vari-
ables was assessed by OR with 95% confidence intervals
(CIs) wusing univariable and multivariable logistic
regression. Correlation was analyzed by means of cor-
relation plots, and correlated variables were not
included simultaneously in the final multivariable
models. Overall survival by sex was first assessed using
Kaplan-Meier analysis generating median survival by sex
with 95% CI and log-rank tests. Cox proportional haz-
ards regressions models were used to assess univariable
and multivariable models of overall survival by sex after
checking assumptions. The variables selected for the
multivariable models were those with p value less than
0.15 on the univariable model and those with clinical
importance (and not correlated). A p value less than 0.05
was considered significant, and all analyses were per-
formed using RStudio 1.4.1717 software.*?

Results

Institutional Data

A total of 8909 eligible patients with lung cancer
were identified from 2005 to 2020, of whom 51% were
female, reflecting an overall equitable sex distribution of
this population (Table 1). No differences were noted
between sexes in the age of diagnosis (p = 0.94). Sig-
nificant differences were observed in racial and sex
distribution, with female black patients accounting for
20.3% of the female cohort, whereas black male patients
accounted for 17.6% (p = 0.008). Female patients lived
predominantly in zip codes with higher median income
(p = 0.01) and a higher education level (p < 0.001).

When we analyzed risk factors and tumor charac-
teristics (Table 1), female patients were diagnosed at
earlier stages (0-1I) (28.9% versus 26.1%, p = 0.02),
were more likely never smokers (15.3% versus 8.9%, p
< 0.001), and had fewer comorbidities (p = 0.001).
Although there were higher rates of SCLC among females
(13.8% versus 11.8%), this did not reach statistical sig-
nificance (p = 0.07), whereas for histologic subtype, fe-
males were more likely to have adenocarcinoma (74.2%
versus 62.4 % for males, p < 0.001).

An analysis of treatment patterns (Table 2) revealed
that females were more likely to undergo surgery
(26.4% versus 23%, p < 0.001) and less likely to be
treated with immunotherapy (p = 0.03). No significant
differences were observed between chemotherapy and
targeted therapy use rates, time to chemotherapy, time
to immunotherapy, time to surgery, or compliance to
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Table 1. Demographics, Risk Factors, and Cancer Characteristics by Sex for Patients With Lung Cancer From Our Institution

(UH) (2005-2020) and SEER (2005-2018) Databases

UH SEER
Male Female Male Female
Feature 4366 (49%) 4543 (51%) p Value 378,452 (52.2%) 346,566 (47.8%)  p Value
Age at diagnosis, n (%)°
<65y 1543 (35.5) 1604 (35.4) 0.94 118,047 (31.2) 103,886 (30) <0.001
>65y 2804 (64.5) 2926 (64.5) 260,405 (68.8) 242,680 (70)
Unknown 19 13 = =
Race, n (%)?
White 2798 (81.8) 2913 (79.4) 0.008 307,077 (81.7) 289,058 (84) <0.001
Black 603 (17.6) 745 (20.3) 44,419 (11.8) 35,630 (10.4)
Asian 18 (0.5) 12 (0.3) 24,255 (6.5) 19,289 (5.6)
Other or unknown 947 873 2701 2589
Ethnicity, n (%)?
Hispanic 22 (0.5) 26 (0.6) 0.77 22,018 (5.8) 19,741 (5.7) 0.02
Non-Hispanic 4023 (99.5) 4203 (99.4) 356,434 (94.2) 326,825 (94.3)
Unknown 321 314 — — —
Primary payer, n (%)?
Insured 864 (28.5) 941 (28.9) 0.52 - — —
Medicare 1789 (59) 1889 (58) - — —
Medicaid 262 (8.6) 311 (9.5) - - —
Not insured 119 (3.9) 117 (3.6) - — —
Other or unknown 1332 1285 - — -
Median income, n (%)°
<$50,648 1888 (51.6) 1855 (48.6) 0.01
>$50,648 1770 (48.4) 1960 (51.4) - — —
Unknown 708 728
Educational level
% Population with only high 32.3,9 31.3, 8.9 <0.001 - — —
school diploma, mean, SD°
% Population with less than high 10.2, 6.3 10, 6.3 0.02 - - —
school diploma, mean, SD”
Employment
% Population unemployed, 4.3,2.8 4.3,2.8 0.80 — — —
mean, SD°
Histology, n (%)“
NSCLC 2732 (88.2) 2805 (86.7) 0.07 231,893 (83.8) 203,630 (80.4) <0.001
SCLC 364 (11.8) 429 (13.3) 44,753 (16.2) 49,532 (19.6)
Other or unknown 1270 1309 101,806 93,404
Histology subtype, n (%)“
Adenocarcinoma 1150 (62.4) 1399 (74.2) <0.001 — — -
Squamous cell carcinoma 692 (37.6) 486 (25.8) - —
Clinical staging, n (%)?
0-11 646 (26.1) 736 (28.9) 0.02 61,712 (20.3) 69,596 (25.4) <0.001
n-v 1832 (73.9) 1807 (71.1) 242,304 (79.7) 203,956 (74.6)
Unknown 1888 2000 74,436 73,014
Smoker, n (%)°
Yes 543 (26.8) 492 (23.1) <0.001 - — —
No 180 (8.9) 326 (15.3) — —
Former 1300 (64.3) 1309 (61.5) — —
Unknown 2343 2416
Charlson score, n (%)?
1-2 2486 (56.9) 2686 (59.1) 0.001 - — —
3-4 1147 (26.3) 1221 (26.9) — —
>5 733 (16.8) 636 (14) — —

9Compared with Pearson’s chi-square test.

bCompared with Kruskal-Wallis test.

SEER, Surveillance, Epidemiology, and End Results; UH, University Hospital.
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Table 2. Treatment Patterns by Sex for Patients With Lung Cancer From UH (2005-2020) and SEER (2005-2018) Databases

UH SEER
Male Female Male Female

Feature 4366 (49%) 4543 (51%) p Value 378,452 (52.2%) 346,566 (47.8%) p Value
Chemo, n (%)*

Yes 1941 (44.5) 1985 (43.7) 0.48 153,915 (40.7) 132,425 (38.2) <0.001
Surgery, n (%)°

Yes 1005 (23) 1200 (26.4)  <0.001 72,937 (19.3) 80,765 (23.3) <0.001
Immunotherapy or PD-L1 inhibitors, n (%)?

Yes 1074 (24.6) 1028 (22.6)  0.03 = = =
Targeted therapy, n (%)°

Yes 136 (3.1) 167 (3.7) 0.16 — — —
Time to chemo, n (%)°

<30d 723 (48.2) 691 (45.2) 0.10 — — —

>30d 778 (51.8) 839 (54.8) - —
Time to immunotherapy, n (%)°

<50d 517 (50.6) 468 (48.2) 0.30 - - -

>50d 505 (49.4) 503 (51.8) — —
Time to surgery, n (%)°

<30d 286 (51.6) 331 (52.8) 0.73 — — —

>30d 268 (48.4) 296 (47.2) — —
Time of chemo, n (%)°

<60d 421 (41.6) 345 (35.6) 0.007 — — -

>60d 592 (58.4) 623 (64.4) — —
Compliance to treatment”

Appointments cancelled (mean, %) 22.2 21.4 0.86

“Compared with Pearson’s chi-square test.
bCompared with Kruskal-Wallis test.

Chemo, chemotherapy; PD-L1, programmed death-ligand 1; SEER, Surveillance, Epidemiology, and End Results; UH, University Hospital.

treatment. The analysis was stratified by stage (Table 3)
and reveals that females with earlier stages (0-II) are
more likely to undergo surgery (57.6% versus 49.8%,
p = 0.004) and less likely to receive chemotherapy
(27.9% versus 35.3%, p = 0.003), but they tend to be
longer on chemotherapy overall (p = 0.009), whereas
females with advanced stages (III-1V) are more likely to
receive chemotherapy (69% versus 65.8%, p = 0.04)
and take longer to receive this treatment after diagnosis
(» = 0.02).

Complications after treatment (Table 4) were
accounted only for patients with associated treatment
codes, consisting of 2716 males (48.5%) and 2887 fe-
males (51.5%). Females had higher rates of documented
psychological disorders (p < 0.001), depression (p =
0.001), and anxiety (p < 0.001). Chemotherapy was
prescribed to 2034 males (50.8%) and 1971 females
(49.2%), and no sex differences were observed for
complications after this treatment in our population.
Overall, 1005 males (45.6%) and 1200 females (54.4%)
underwent surgery and sex differences for complica-
tions after surgery were noticeable for higher rates of
urinary tract infection (UTI) in females (3.8% versus
1.1%, p < 0.001) and lower 90-day mortality after
surgery (6% versus 8.4%, p = 0.03). Immunotherapy

was prescribed for 1074 males (51.1%) and 1028 fe-
males (48.9%). In irAEs (Table 5), female patients had
higher rates of hypothyroidism (p < 0.001) and hyper-
thyroidism (p < 0.001), whereas they displayed lower
rates of acute kidney injury (p < 0.01) and a lower
tendency of myocardial infarction (1.2% versus 2.3%
for males) and myocarditis (3.4% versus 5.1% for
males).

Figure 1 reveals significant associations between sex
and treatment patterns, including treatment complica-
tions, on multivariable analysis. Females had higher ORs
of psychological disorders (OR = 2.58, 95% CI: 1.77-
3.82, p < 0.001). All the regression analysis, including
univariable and multivariable models, are summarized
in Supplementary Table 2.

In this patient population overall, the median survival
was 33 months (95% CI: 30-37) for females and 21
months (95% CI: 19-22) for males, with a p value less
than 0.001 for the log-rank test. When looking by stage,
the medial survival for patients with earlier stages (0-II)
was 129 months (95% CI: 101-not applicable) for fe-
males and 62 months (95% CI: 50-76) for males, with
p less than 0.001, whereas for patients with advanced
stages (I1I-1V), 12 months (95% CI: 11-13) for females
versus 10 months (95% CI: 9-11) for males, with
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Table 3. Treatment Patterns by Sex and by Stage for Patients With Lung Cancer From UH (2005-2020) Database

Stages O-lI Stages IlI-IV
Male Female Male Female

Feature 646 (46.7%) 736 (53.3%) pValue 1832 (50.3%) 1807 (49.7%) p Value
Chemo, n (%)*

Yes 228 (35.3) 205 (27.9) 0.003 1205 (65.8) 1246 (69) 0.04
Surgery, n (%)°

Ye 322 (49.8) 424 (57.6) 0.004 225 (12.3) 231 (12.8) 0.68
Immunotherapy or PD-L1 inhibitors, n (%)“

Yes 123 (19) 111 (15.1) 0.06 549 (30) 565 (31.3) 0.41
Targeted therapy, n (%)°

Yes 9 (1.4) 7 (1) 0.60 81 (4.4) 99 (5.5) 0.16
Time to chemo, n (%)?

<30d 51 (26.3) 51 (28) 0.79 540 (57) 507 (51.8) 0.02

>30d 143 (73.7) 131 (72) 407 (43) 471 (48.2)
Time to immunotherapy, n (%)?

<50d 29 (23.8) 22 (20) 0.59 317 (57.8) 299 (53.3) 0.14

>50d 93 (76.2) 88 (80) 231 (42.2) 262 (46.7)
Time to surgery, n (%)°

<30d 102 (52.6) 134 (53.6) 0.90 61 (46.6 54 (42.2) 0.55

>30d 92 (47.4) 116 (46.4) 70 (53.4 74 (57.8)
Time of chemo, n (%)°

<60d 50 (42.7) 26 (25.2) 0.009 208 (39.5) 179 (33.5) 0.05

>60 d 67 (57.3) 77 (74.8) 318 (60.5) 355 (66.5)
Compliance to treatment”

Appointments cancelled (mean, %) 17.5 16.6 0.87 19.9 19.9 0.29

“Compared with Pearson’s chi-square test.
bCompared with Kruskal-Wallis test.

Chemo, chemotherapy; PD-L1, programmed death-ligand 1; SEER, Surveillance, Epidemiology, and End Results; UH, University Hospital.

p equals to 0.08.The univariable Cox model revealed
lower risk of death for females (hazard ratio [HR] =
0.81, 95% CI: 0.77-0.86, p < 0.001). Nevertheless, a
multivariable analysis accounting for covariates such as
age at diagnosis, race, smoking, histology, chemotherapy,
surgery, comorbidity index, stage, and time in treatment
revealed equal risks for males and females (HR for
females = 0.84, 95% CI: 0.69-1.02, p = 0.08). The
multivariable models are summarized on Figure 2.

Surveillance, Epidemiology, and End Results
Data

A total of 725,018 eligible patients with lung cancer
were identified in SEER from 2005 to 2018, of whom
47.8% were female (Table 1). In SEER, female patients
were diagnosed at an older age (p < 0.001), with a
higher predominance of white (p < 0.001 for race) and
Hispanic (p = 0.02 for ethnicity) patients when
compared with our large institutional cohort. Analysis
of risk factors and tumor characteristics revealed that
females had a higher proportion of SCLC histology
(p < 0.001) and lower rates of advanced-stage disease
(ITI-IV) on diagnosis (p < 0.001). Analysis of treat-
ment patterns (Table 2) revealed that females had
lower rates of chemotherapy (p < 0.001) and higher

rates of surgery (p < 0.001) when compared with
males.

Survival analysis revealed sex differences with regard
to vital status (p < 0.001) with 47.8% (263,374) of fe-
males being dead, compared with 82.7% (313,119) of
males. The median survival was 8 months (95% CI: 8-9)
for males and 12 months (95% CI: 12-12) for females,
with a p value less than 0.001 for the log-rank test. A
lower risk of death for females was observed on uni-
variable (HR = 0.79, 95% CI: 0.78-0.80, p < 0.001) and
multivariable (HR = 0.80, 95% CI: 0.79-0.81, p < 0.001)
Cox regression models. Paired multivariable models were
performed for SEER and our institution patient pop-
ulations, adjusting for variables available on both data sets
(age at diagnosis, race, ethnicity, histology, stage, chemo-
therapy, and surgery), and revealed a lower risk of death
for females (our institution HR = 0.88, 95% CI: 0.81-0.95,
p=0.002; SEER HR = 0.80,95% CI: 0.80-0.81, p < 0.001).
The models are summarized on Figure 2.

Discussion

This study evaluated sex differences among patients
with lung cancer regarding treatment modalities, time
to treatment, its adverse events, and survival. Although
this work focused on a lung cancer population diagnosed
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Patients With Lung Cancer From UH

UH
Feature Male Female
General treatment 2716 (48.5%) 2887 (51.5%) p Value
Cognitive decline or dementia, n (%)?
Yes 24 (0.9) 29 (1) 0.74
Psychological disorders, n (%)°
Yes 104 (3.8) 219 (7.6) <0.001
Subtypes of psychological disorders, n (%)*
Depression 73 (2.7) 123 (4.3) 0.001
Anxiety 55 (2) 143 (5) <0.001
Bipolar disorder 8 (0.3) 11 (0.4) 0.74
0, dependence after treatment, n (%)?
Yes 30 (1.1) 44 (1.5) 0.20
Male Female
Chemotherapy 2038 (50.8%) 1971 (49.2%) p Value
Complications after chemo, n (%)?
Yes 31 (1.5) 27 (1.4) 0.78
Types of complications, n (%)?
Cardiomyopathy 3(0.1) 1(0.1) 0.64
Neuropathy 4 (0.2) 1(0.1) 0.39
Diarrhea or enteritis 7 (0.3) 5(0.3) 0.81
Fatigue or weakness 4 (0.2) 4 (0.2) 1
Nausea or vomiting 5(0.2) 7 (0.4) 0.72
Steatohepatitis 0 0 —
Anemia 4 (0.2) 7 (0.4) 0.50
Agranulocytosis 9 (0.4) 10 (0.5) 0.94
Thrombocytopenia 2 (0.1) 3(0.2) 0.97
Lung disease 10 (0.5) 12 (0.6) 0.77
Related pain 6 (0.3) 4(0.2) 0.79
Mouth sore 1 1(0.1) 1
Hypovolemia 12 (0.6) 11 (0.6) 1
Renal failure 1 1(0.1) 1
Drug induced rash 0 1(0.1) 0.98
Infusion reaction 0 2 (0.1) 0.46
Other adverse reaction 7 (0.3) 7 (0.4) 1
Male Female
Surgery 1005 (45.6%) 1200 (54.4%) p Value
Complications after surgery, n (%)?
Yes 99 (9.9) 136 (11.3) 0.29
Types of complications, n (%)”
Atrial fibrillation 43 (4.3) 50 (4.2) 0.98
Arrhythmia 24 (2.4) 42 (3.5) 0.16
Myocardial infarction 10 (1) 13 (1.1) 1
ARDS 5 (0.5) 1(0.1) 0.14
Pulmonary edema 6 (0.6) 9 (0.7) 0.86
Pulmonary embolism 9 (0.9) 18 (1.5) 0.27
Respiratory failure 22 (2.2) 26 (2.2) 1
Postprocedural complication of respiratory 4 (0.4) 2 (0.2) 0.52
system
Subcutaneous emphysema 3(0.3) 3(0.2) 1
Gastrointestinal bleeding 0 0 —
Infection after a procedure 3(0.3) 5 (0.4) 0.91
Cerebrovascular accident 0 0 —
Delirium or disorientation 16 (1.6) 24 (2) 0.57
Deep vein thrombosis 5 (0.5) 12 (1) 0.27

(continued)
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Table 4. Continued

Male Female
Surgery 1005 (45.6%) 1200 (54.4%) p Value
Postoperative bleeding 1(0.1) 4 (0.3) 0.48
Renal failure 34 (3.4) 37 (3.1) 0.78
Urinary tract infection 11 (1.1) 45 (3.8) <0.001
Conversion to open surgery 2 (0.2) 4 (0.3) 0.84
Other complications 5 (0.5) 6 (0.5) 1
Death 30 d after surgery, n (%)?
Yes 41 (4.1) 35(2.9) 0.16
Death 90 d after surgery, n (%)?
Yes 84 (8.4) 72 (6) 0.03

“Compared with Pearson’s chi-square test.
ARDS, Acute Respiratory Distress Syndrome; Chemo, chemotherapy; O,, oxygen; UH, University Hospital.

and treated at a single institution, its hybrid academic- quality and detailed clinical annotations that allowed for
community practice setting provided real-world assess- an in-depth analysis of patients’ longitudinal trajectories.
ment of such variables. By using a comprehensive, open- The clinical characteristics of our population mirror a
source web-based data integrating system, we assessed contemporaneous SEER database. Here, equitable rates

Table 5. irAEs by Sex for Patients With Lung Cancer From UH (2005-2020) Database

UH

Male Female
Feature 1074 (51.1%) 1028 (48.9%) p Value
irAEs, n (%)°
Yes 472 (43.9) 448 (43.6) 0.89
Subtypes of irAEs, n (%)“
Rash or eczema 17 (1.6) 16 (1.6) 1
Diarrhea 28 (2.6) 45 (4.4) 0.03
Adrenal insufficiency 1(0.1) 2 (0.2) 0.96
Hyperlipidemia 306 (28.5) 244 (23.7) 0.01
Nephritis 0 0 —
Leukopenia 15 (1.4) 15 (1.5) 1
Hypothyroidism 53 (4.9) 101 (9.8) <0.001
Hyperthyroidism 0 13 (1.3%) <0.001
Hypophysitis 25 (2.3) 27 (2.6) 0.76
Parathyroidism 3 (0.3) 7 (0.7) 0.30
Acute kidney injury 68 (6.3) 39 (3.8) 0.01
Neuritis 21 (2) 23 (2.2) 0.76
Hepatitis 11 (1) 5 (0.5) 0.24
Colitis 11 (1) 9 (0.9) 0.89
Pancreatitis 5 (0.5) 8 (0.8) 0.52
Mucositis 7 (0.7) 4 (0.4) 0.59
Arrhythmia 184 (17.1) 112 (10.9) <0.001
Myocardial infarction 25 (2.3) 12 (1.2) 0.06
Myocarditis 55 (5.1) 35 (3.4) 0.06
Pericarditis 20 (1.9) 13 (1.3) 0.35
Cardiomyopathy 33 (3.1) 12 (1.2) 0.004
Pneumonitis 116 (10.8) 100 (9.7) 0.46
Meningitis 0 0 —
Encephalopathy 4 (0.4) 2 (0.2) 0.72
Vitiligo 1(0.1) 1(0.1) 1
Thrombocytopenia 22 (2) 18 (1.8) 0.73
DM1 4 (0.4) 7 (0.7) 0.49

“Compared with Pearson’s chi-square test.
DM1, diabetes mellitus type 1; irAE, immune-related adverse event; UH, University Hospital.
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OR (females)
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>Time of chemo (4)

Cognitive decline/dementia (5) 1.47 073 3.07 027

2.58 1.77 3.82 <0.001

Psychological disorders (6)

Complications after chemo (7) 0.81 037 170 0.8

irAEs (8) 1.01 076 134 09

) Jeye

Complications after surgery (9) 1.16 0.88 154 021

30-days death after surgery (10) — 0.79 042 147 046

90-days death after surgery (11) Lo 0.78 048 126 0.32

0.3 1.0 1.7 24

HR

31 3.9
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Figure 1. Multivariable model forest plot of sex differences in time to treatment, time of treatment, and complications after
treatment for lung cancer, UH database, 2005 to 2020. The ORs are calculated for female patients. (1) Adjusted for age at
diagnosis, smoking status, histology, Charlson score, stage, and surgery. (2) Adjusted for race, smoking status, histology,
surgery, Charlson score, stage, and chemotherapy. (3) Adjusted for age at diagnosis, stage, chemotherapy, and immuno-
therapy. (4) Adjusted for age at diagnosis, subhistology. (5) Adjusted for age at diagnosis, Charlson score, stage, chemo-
therapy, and immunotherapy. (6) Adjusted for smoking status, Charlson score, stage, chemotherapy, immunotherapy, and
surgery. (7) Adjusted for age at diagnosis, histology, surgery, stage, and immunotherapy. (8) Adjusted for age at diagnosis,
smoking status, histology, Charlson score, stage, chemotherapy, and surgery. (9) Adjusted for age at diagnosis, Charlson
score, and chemotherapy. (10) Adjusted for histology, stage, chemotherapy, and immunotherapy. (11) Adjusted for ethnicity,
histology, stage, chemotherapy, and immunotherapy. H95, higher 95% confidence interval; HR, hazard ratio; irAE, immune-
related adverse event; L95, lower 95% confidence interval; UH, University Hospital.

of lung cancer were found among sexes, also reflecting
current global epidemiologic data.** Nevertheless,
several studies have revealed that female sex is associ-
ated with higher risk for lung cancer after accounting for
smoking status.’*° This includes higher odds for his-
tologic subtypes highly related with cigarette smoking,
such as squamous cell carcinoma and SCLC.2” Hence, it is

hypothesized that current equitable lung cancer inci-
dence rates are partially driven by delayed onset of
smoking among females and higher incidence rates of
lung cancer in females who never smoked.””* ¢
Notably, despite significantly lower smoking rates, fe-
males at UH institution had higher rates of SCLC, as
found in the SEER database and described in prior

p ”RI ) 195  H95 pvaluel
females

Death - univariable (UH) —— 0.81 0.77  0.86 <0.001

s

c

-
Death - multivariable (UH)* 0.84 069  1.02 0.8
Death - univariable (SEER) o | - 0.79 0.78  0.80 <0.001

»

m

£
Death - multivariable (SEER)*™* i 0.80 079  0.81 <0.001
Death - multivariable (UH)*** i ) 0.88 0.81 0.5 0.002

! ]

e

| g
Death - multivariable (SEER)*** i 0.80 0.80 081 <0.001

0.6 0.7 0.8 0.9 1.0 11
HR
Worse for males Worse for females

Figure 2. Multivariable model forest plot of sex differences in survival for lung cancer, UH (2005-2020) and SEER database
(2018-2020). The HRs are calculated for female patients. *Adjusted for age at diagnosis, race, smoking status, histology,
Charlson score, stage, chemotherapy, surgery, time to chemotherapy, and time of chemotherapy. **Adjusted for age at
diagnosis, race, ethnicity, histology, stage, chemotherapy, radiotherapy, and surgery. ***Adjusted for age at diagnosis, race,
ethnicity, histology, stage, chemotherapy, and surgery. H95, higher 95% confidence interval; HR, hazard ratio; L95, lower 95%
confidence interval; SEER, Surveillance, Epidemiology and End Results; UH, University Hospital.
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studies.®® In addition to the lower smoking rates, anal-
ysis of our population revealed that females are healthier
and diagnosed at earlier stages, corroborating the liter-
ature.””? Importantly, 20% of the female patients at our
institution were black, compared with 17% of the males.
Those rates are remarkably higher when compared with
the SEER population and reflect the racial distribution of
the institution’s catchment area. Although this study did
not focus on racial disparities, the substantial number of
females of black race in this database allows for
invaluable representation.

Analysis of sex differences in treatment modalities
and adverse events revealed that in this institution, fe-
males with lung cancer were more likely to undergo
surgical resection than males. We hypothesize that this
finding may reflect the fact that females were more likely
to be diagnosed at earlier stages (p = 0.02) and had
lower Charlson comorbidity scores (p = 0.001); how-
ever, causality may not be inferred as our study does not
capture the decision-making process taking place be-
tween surgeons and patients, including the percentage of
patients to which surgery was offered and potentially
refused. Female sex has been identified as a negative
predictor of undergoing surgery for lung cancer in pre-
vious studies.***! Nevertheless, our findings corroborate
those of a contemporaneous SEER data, where female sex
is also associated with higher surgical rates. This female
cohort had lower 90-day mortality rates and higher rates
of UTL Although UTI rates are usually higher in women,
when we analyzed the entire cohort, we noticed an inci-
dence of 14.9% in females versus 8.2% in males; analysis
in postsurgical patients also revealed a higher sex differ-
ence between rates (3.8% in females versus 1.1% in
males). A previous analysis of the Society of Thoracic
Surgeons General Thoracic Surgery Database encom-
passing more than 34,000 patients between 2002 and
2010 revealed remarkably lower OR for in-hospital and
30-day mortality in female patients.*” It is certainly
possible that a more conservative approach when
deciding to offer surgical resection for male patients with
comorbidities at this institution could account for lack of
differences in postoperative complications between sexes.

Chemotherapy treatment rates were not different
between sexes. Female patients, however, in a uni-
variable analysis, were more likely to stay on treatment
longer. The reasons for this finding are unclear. Sex
hormonal and pharmacogenomic differences that could
perhaps influence chemotherapy tolerance have been
described.*>** Nevertheless, there were no sex differ-
ences in chemotherapy complications in this cohort,
which makes tolerability less likely to be a determining
factor. Use of maintenance chemotherapy with peme-
trexed is the standard of care in treatment of metastatic
adenocarcinoma. It is possible that higher rates of

JTO Clinical and Research Reports Vol. 3 No. 4

adenocarcinoma in females in this cohort could account
for this, as adjusted multivariable models revealed loss
of significance. We also speculate that this may reflect
better clinical outcomes for female patients such as
longer progression-free survival and overall survival.
Immunotherapy use was slightly higher in males, possibly
owing to greater rates of advanced disease and predictors
of response to immunotherapy that are associated with
smoking.*>*” We did not however assess for biomarker
testing and results in this analysis, and such inferences
remain speculative in nature. When it comes to irAEs, fe-
males were more likely to have endocrinologic complica-
tions, such as hyperthyroidism or hypothyroidism, but
less likely to have cardiac-related events, corroborating
previous populational reports.*®*? Higher rates of acute
kidney injury in females were also noted. The reasons for
that are unclear. Interestingly, no sex differences in the
use of targeted therapy use were noted, possibly owing to
very small number of patients in this category.

Female sex in this database was associated with
higher rates of psychological disorders (i.e, anxiety and
depression) after treatment. Whereas previous reports
describe higher association between emotional problems
and female sex at the time of lung cancer diagnosis,
provider bias in diagnosing such conditions in female
patients is not excluded.”®>?

Finally, although median survival was longer for female
patients (33 mo versus 21 mo, p < 0.001), sex was not an
independent factor associated with survival after ac-
counting for multiple variables of interest. This differed
from SEER data, where female sex is independently asso-
ciated with lower median survival, likely reflecting the long
time analyzed combined with a large population and a
higher number of diagnoses in advanced stages. Never-
theless, paired multivariable models adjusting for similar
variables in SEER and our institution’s population generate
similar associations, underscoring the level of granularity
attained with our institution’s cohort data set that cannot
be reproduced in less comprehensive databases.

This study has several limitations. Many patients are
referred to our institution for second opinions at the
academic campus, after undergoing diagnosis and initial
treatment elsewhere. Hence, some of the information in
the electronic medical record may be incomplete or
reflect recall bias owing to the self-reporting nature of
some risk factors (such as smoking status). In addition,
owing to the retrospective nature of this study some
very important treatment variables (radiotherapy ap-
pointments and treatments) were not available “and” or
“or” associated with a high number of “unknown or not
applicable” codes which could lead to a loss of statistical
power for this analysis and were excluded. In addition,
median income, education, and employment were esti-
mated using a patient’s zip code, which may not accurately
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reflect the true socioeconomic characteristics of individ-
ual patients. Additional studies with other databases,
larger cohorts, and with prospective design are needed to
corroborate and investigate the findings reported here.

In summary, in this contemporaneous cohort of pa-
tients with lung cancer treated at this large hybrid
academic-community practice institution, female sex was
associated with earlier stage at diagnosis, lower smoking
rates, and fewer comorbidities and with a trend toward
higher rates of SCLC. Female sex was also associated with
living at zip codes with higher income and educational
levels. A large proportion of patients in this database are
black, reflecting the composition of this institution’s
catchment area and providing a heftier representation
than SEER. Female sex was associated with higher surgical
rates, lower immunotherapy use rates, and higher rates of
endocrinologic complications after immunotherapy use.
Higher rates of psychological diagnosis were also associ-
ated with female sex. Sex was not an independent factor
associated with survival at this institution.
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