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Objective: To assess the impact of sex on the outcomes of patients with well-differentiated lung
neuroendocrine neoplasms in a real-world setting. Methods: The Surveillance, Epidemiology and End
Results Research Plus database (2000-2018) was accessed, and patients with a diagnosis of typical or
atypical carcinoid of the lung were reviewed. Trends in age-standardized rates (per 100,000) of the
incidence of lung carcinoid tumors were reviewed among male and female patients as well as the overall
population, and annual percent change (APC) was determined for the three groups. Multivariate Cox
regression analysis was then used to assess the factors associated with overall and cancer-specific survival.
Results: Among all patients, APC (2000-2018) for lung carcinoid diagnosis was 2.9 (95% CI: 2.4-3.5). Among
male patients, APC (2000-2018) for lung carcinoid diagnosis was 1.8 (95% Cl: 1.2-2.5). By contrast, among
female patients, APC (2000-2018) for lung carcinoid diagnosis was 3.4 (95% Cl: 2.8-4.1). Based on Kaplan-
Meier survival estimates, female sex was associated with better overall survival compared with male sex
(p < 0.001). Based on multivariate Cox regression analysis, the following factors were associated with
worse cancer-specific survival: older age (hazard ratio [HR]: 1.036; 95% Cl: 1.031-1.041), atypical carcinoid
histology (HR: 3.10; 95% Cl: 2.71-3.56), stage (distant vs localized stage HR: 4.05; 95% Cl: 3.48-4.71), sex
(male vs female sex HR: 1.76; 95% Cl: 1.56-1.99) and no surgical treatment (HR: 3.77; 95% Cl: 3.22-4.42).
Conclusion: Female patients with lung carcinoid tumors have better overall survival compared with male
patients, particularly among patients with typical carcinoid tumors.
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Neuroendocrine neoplasms (NENG) represent a heterogeneous group of neoplasms with diverse anatomy, biology,
histology and treatment algorithms. The lung is the second most frequent site of NENSs after the digestive system [1-
3]. Biologically, gastroenteropancreatic (GEP) NENS are currently classified differently than lung NENG, and this
is reflected in the most recent versions of the WHO classification for both disease entities (4-6].

Sex-based differences have been observed in the etiology and outcomes of solid tumors, including some NENs [7,8].
A previous population-based study suggested that female sex is associated with better survival outcomes among
patients with GEP NEN:Ss, although it is unclear if these differences are reflective of biological differences between
men and women or differences in noncancer mortality between men and women [9]. Similarly, a number of other
population-based studies have previously shown that female sex is associated with better outcomes among patients
with all types of NENS [10,11]. However, it is unclear if the same observation would hold for patients with lung
NENSs. The current study will specifically focus on well-differentiated lung NENs, which are referred to in the
2015 WHO classification as carcinoid tumors (typical and atypical) [12].

The Surveillance, Epidemiology and End Results (SEER) database represents an ideal method for studying this
research question given its large sample size and given the relative rarity of well-differentiated lung NENs, which
makes it difficult to address this question within a smaller data set. The objective of this study was to assess the
impact of sex on the outcomes of patients with well-differentiated lung NENSs in a real-world setting.
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Methods

Data sources

The currentstudy is based on the SEER Research Plus database (2000-2018) [13]. This database covers approximately
28% of cancer diagnoses in the USA, and survival follow-up continues through December 2018. The current study
included patients diagnosed with typical or atypical carcinoid of the lung, including International Classification of
Diseases for Oncology codes 8240/3, 8241/3 and 8249/3. For patients with duplicate records/multiple primary
lung carcinoid tumors, only the first reported tumor was included. For trend analysis, all patients diagnosed in
this time period were included, whereas for survival analysis, only patients diagnosed 2004—2018 were included, as
combined SEER summary stage was available for only this time period.

Data collection

The following data were collected from each patient where available: age at diagnosis, race, sex, histological subtype
(typical vs atypical carcinoid), stage (according to combined SEER summary stage), surgery to the primary tumor,
radiation therapy and chemotherapy. The reason for using combined SEER summary stage rather than American
Joint Committee on Cancer stage was the change in American Joint Committee on Cancer staging systems that
occurred across the course of the study (three versions were in use at various time points). SEER summary stage
classifies disease into localized stage (i.e., limited to the primary site), regional stage (i.e., regional extension of the
tumor and/or regional lymph node involvement) and distant stage (i.e., evidence of distant metastatic disease). End
points for this study included overall survival (OS), which was defined as the time from diagnosis until death for
any reason, and cancer-specific survival (CSS), which was defined as the time from diagnosis until death due to
lung carcinoid.

Statistical analysis

Using SEER*Stat software, trends in age-standardized rates (per 100,000) of the incidence of lung carcinoid tumors
were reviewed among male and female patients as well as the overall population. Annual percent change (APC) was
calculated for each of the three categories (males, females and overall).

For the survival cohort, descriptive statistics were initially reviewed to compare baseline characteristics of male
versus female patients. Chi-square testing was used for categorical variables, and independent t-test was used for
continuous variables.

Kaplan—Meier survival estimates and log-rank testing were used to compare OS outcomes between male and
female patients in the overall cohort as well as among substrata defined by histology (typical vs atypical carcinoid)
and stage (localized/regional vs distant). Kaplan—Meier survival estimates for CSS are not shown, as these did not
fulfill the assumptions of Kaplan—Meier survival estimates — specifically, patients who are censored because they
died of reasons other than lung carcinoid tumors which do not have the same survival prospects as those who
continued to be followed, which violates one of the basic assumptions of Kaplan—Meier estimates [14].

Multivariate Cox regression analysis was used to further assess the factors associated with OS and CSS. Factors
included within Cox regression models were: age at diagnosis, race, sex, stage, histology and surgery to the primary
tumor. Because of the lack of evidence of survival benefit with the use of systemic and/or radiation therapy and
because of the uncertainty surrounding the reporting of these treatments in the SEER database (e.g., whether the
reported systemic therapy is chemotherapy or targeted therapy, what the dose/schedule/location of the radiation
therapy used is), systemic and radiation therapy was not included in the Cox regression models. The aforementioned
descriptive and survival statistical analyses were conducted using SPSS Statistics 23.0 software (IBM Corporation,
NY, USA).

To obtain a more robust assessment of the impact of sex on outcomes of the study cohort, a competing risk
analysis was done, incorporating all factors that were included in the aforementioned multivariate Cox regression

models. This was done using Stata 14.0 (StataCorp LLC, TX, USA).

Results

Trends in incidence of lung carcinoid tumors among male versus female patients

Among all patients, APC (2000-2018) for lung carcinoid diagnosis was 2.9 (95% CI: 2.4-3.5). Among male
patients, APC (2000-2018) was 1.8 (95% CI: 1.2-2.5). By contrast, among female patients, APC (2000-2018)
was 3.4 (95% CI: 2.8-4.1) (Figure 1A). Among patients with typical carcinoid tumors, APC (2000-2018) was
2.2 (95% CI: 1.7-2.7). Among male patients, APC (2000-2018) was 0.8 (95% CI: 0.2-1.5). By contrast, among
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Figure 1. Trends in incidence of pulmonary carcinoid tumors among male and female patients 2000-2018. (A) Trends for all patients. (B)
Trends for typical carcinoid patients. Age-adjusted rates are calculated per 100,000.

female patients, APC (2000-2018) was 2.8 (95% CI: 2.1-3.4) (Figure 1B). APC for atypical carcinoid tumors

could not be calculated because of very small numbers in some years.

Survival cohort

A total of 11,255 patients with lung carcinoid tumors diagnosed 2004-2018 were found to be eligible in the
survival cohort and were included in the current study. This included 7909 (70.3%) female patients and 3346
(29.7%) male patients. In comparing both groups, female patients were likely to be older (p < 0.001) and White
(p = 0.033) and have typical carcinoid (p = 0.001), distant stage (p = 0.012) and sublobar resection (p < 0.001)
(Table 1).

Based on Kaplan—Meier survival estimates, female sex was associated with better OS compared with male sex
(p < 0.001) (Figure 2A). When stratified by histology, female sex was associated with better OS among patients
with typical carcinoid (p < 0.001) but not among patients with atypical carcinoid (p = 0.745) (Figure 2B & C).
When stratified by stage, female sex was associated with better OS among patients with localized/regional disease
(p < 0.001) as well as among patients with distant metastatic disease (p < 0.001) (Figure 2D & E).
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Figure 2. Overall survival according to Kaplan—-Meier estimates among lung carcinoid patients. (A) All categories. (B)
Typical carcinoid. (C) Atypical carcinoid. (D) Local/regional disease. (E) Distant disease.
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Table 1. Baseline characteristics of included patients.

Parameter Males (n = 3346) Females (n = 7909) p-value
Age, mean (SD) 60.65 (15.41) 63.53 (14.02) < 0.001
Race, n (%) 0.033
- White 2940 (87.9) 7073 (89.4)
- Black 274 (8.2) 577 (7.3)
— Asian/Pacific Islander 101 (3) 198 (2.5)
— American Indian 8(0.2) 29 (0.4)
— Unknown 23(0.7) 32(0.4)
Histology, n (%) 0.001
- Typical carcinoidt 2922 (87.3) 7076 (89.5)
— Atypical carcinoid 424 (12.7) 833 (10.5)
SEER summary stage, n (%) 0.012
- Localized 2152 (64.3) 5145 (65.1)
— Regional 673 (20.1) 1428 (18.1)
- Distant 414 (12.4) 1108 (14)
— Unknown 107 (3.2) 228 (2.9)
Surgery to the primary tumor, n (%) < 0.001
—None 865 (25.9) 1858 (23.5)
— Sublobar resection 621 (18.6) 2021 (25.6)
— Lobectomy 1736 (51.9) 3789 (47.9)
— Pneumonectomy 102 (3) 174 (2.2)
— Unknown 22(0.7) 67 (0.8)
Systemic treatment, n (%) < 0.001
- Yes 263 (7.9) 432 (5.5)
—No/unknown 3083 (92.1) 7477 (94.5)
Radiation therapy, n (%) < 0.001
- Yes 241 (7.2) 366 (4.6)
- No/unknown 3105 (92.8) 7543 (95.4)
TIncludes patients with enterochromaffin cell carcinoid tumors. n = 11,255 patients.

SD: Standard deviation; SEER: Surveillance, Epidemiology and End Results.

Based on multivariate Cox regression analysis, the following factors were associated with worse OS: older age
(hazard ratio [HR]: 1.051; 95% CI: 1.047-1.055), Black race (HR: 1.20; 95% CI: 1.05-1.38), atypical carcinoid
histology (HR: 2.09; 95% CI: 1.88-2.33), stage (distant vs localized stage HR: 4.05; 95% CI: 3.48-4.71), sex
(male vs female sex HR: 1.59; 95% CI: 1.46-1.72) and no surgical treatment (HR: 3.14; 95% CI: 2.84-3.48).
Likewise, the following factors were associated with worse CSS: older age (HR: 1.036; 95% CI: 1.031-1.041),
atypical carcinoid histology (HR: 3.10; 95% CI: 2.71-3.56), stage (distant vs localized stage HR: 4.05; 95% CI:
3.48-4.71), sex (male vs female sex HR: 1.76; 95% CI: 1.56-1.99) and no surgical treatment (HR: 3.77; 95%
Cl: 3.22-4.42) (Table 2). Stratified analysis by histology was also performed to evaluate the association between
sex and outcomes of interest. The results indicated that sex was associated with a difference in OS and CSS among
patients with typical carcinoid histology but not among patients with atypical carcinoid histology (Supplementary
Tables 1 & 2).

Based on competing risk analysis, and using a model adjusted for age, stage, race, surgery and histology, female
sex was associated with less risk of death (female vs male patient subdistribution HR: 0.61; 95% CI: 0.53-0.69).
Figure 3 shows the cumulative incidence function for female versus male patients.

Discussion

The current study evaluated the impact of sex on the outcomes of patients with lung carcinoid tumors. Within the
study cohort, the proportion of male patients was less than 50% the proportion of female patients, and the APC
of the incidence of lung carcinoid tumors among female patients was higher than the APC among male patients.
Moreover, female patients had better OS compared with male patients, particularly among patients with typical
carcinoid tumors.

Sex has been linked to differential outcomes of many solid tumors, including endocrine-sensitive and endocrine-
insensitive cancers [15,16]. Sex has also been linked to differences in drug metabolism and prevalence of adverse
events with systemic therapy [17]. In the context of endocrine-related cancers, including thyroid cancer, breast
cancer and GEP NENs, female patients have consistently better outcomes compared with male patients [11,18].
Similarly, in patients with pulmonary endocrine-insensitive cancers (e.g., non-small and small cell lung cancer),
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Table 2. Multivariate Cox regression analysis for factors affecting overall and cancer-specific survival.

Parameter oS css
HR (95% CI) HR (95% CI)

Age 1.051 (1.047-1.055) 1.036 (1.031-1.041)
Race

- White Reference Reference

- Black 1.20 (1.05-1.38) 1.13(0.93-1.37)

- Asian/Pacific Islander 0.87 (0.67-1.13) 1.13 (0.80-1.59)

— American Indian 0.62 (0.28-1.37) 1.08 (0.41-2.89)
Histology

- Typical carcinoid Reference Reference

- Atypical carcinoid 2.09 (1.88-2.33) 3.10 (2.71-3.56)
SEER summary stage

- Localized Reference Reference

- Distant 1.84 (1.41-2.39) 4.05 (3.48-4.71)

- Regional 1.26 (1.13-1.41) 2.18 (1.86-2.55)
Sex

- Female Reference Reference

- Male 1.59 (1.46-1.72) 1.76 (1.56-1.99)
Surgery to the primary tumor

- Lobectomy Reference Reference

- None 3.14 (2.84-3.48) 3.77 (3.22-4.42)

- Sublobar resection 1.26 (1.13-1.41) 1.02 (0.84-1.24)

- Pneumonectomy 1.84 (1.41-2.39) 2.17 (1.53-3.08)

Patients with unknown race, stage or surgery were excluded from the analysis.
CSS: Cancer-specific survival; HR: Hazard ratio; OS: Overall survival; SEER: Surveillance, Epidemiology and End Results.
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Figure 3. Cumulative incidence function for risk of cancer-specific death among male versus female patients.

female patients enjoy better survival outcomes compared with male patients [19,20]. Several hypotheses have been
proposed to explain these observed differences. These include higher comorbidity burden among men compared
with women, which is likely to affect the ability to administer aggressive treatments or undergo major surgeries.
It is also possible that hormonal factors play a role in disease biology and/or response to therapy, although this
is not clearly understood [21-23]. Recent preclinical data suggest that lung carcinoid tumors can be classified into
a few distinct and prognostically relevant categories according to transcriptomic signatures [24-26]. Whether this
biological classification might help to explain the findings of the current study is unclear.

Additionally, a recent study examined the incidence and survival outcomes of lung NENS in the US, including
typical carcinoid tumors, atypical carcinoid tumors, large cell neuroendocrine carcinoma and small cell lung
cancer [3]. This study also showed that female sex is associated with better outcomes. However, contrary to the
current study, it was not focused on well-differentiated NENG (typical and atypical carcinoid tumors). The current
study focused on this subset because the authors believe that typical and atypical carcinoid tumors represent a
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biologically and clinically distinct disease category compared with more aggressive subtypes of lung NENs [12].
Another recent study limited to patients with typical carcinoid tumors provided similar conclusions, with female
patients having better outcomes compared with male patients (27].

With the exception of the category of atypical carcinoid tumors, better outcomes for female versus male patients
were also observed in all examined substrata. One possible explanation for this might be related to the small number
of patients in the atypical carcinoid subcategory, which prevented the demonstration of survival differences between
female and male patients. It is interesting to note that female patients represented >70% of the survival cohort in
this study, and the number of female patients was more than double the number of male patients (this difference
was more pronounced within the category of typical carcinoid tumors versus the category of atypical carcinoid
tumors). By contrast, recent data from the authors’ group suggest that there is no such difference in incidence
between male and female patients in the setting of GEP NENs [28]. The reason for this epidemiological disparity is
unclear, and this needs to be further explored in future studies.

The current study has a few limitations that need to be considered. Several relevant baseline prognostic factors
are not available within the SEER database (e.g., performance status, comorbidities, functional tumor status and
Ki-67). Although mitotic index and necrosis were not specifically reported for each included patient, all tumors
were classified as either typical or atypical carcinoid; therefore, the impact of the absence of mitotic index and
necrosis information is limited. The absence of comorbidity information could raise questions regarding whether
observed survival differences were related to differences in noncancer mortality rather than lung carcinoid tumor-
specific outcomes. To mitigate the impact of this limitation, the authors evaluated both OS and CSS, as CSS is less
likely to be impacted by noncancer mortality. Additionally, competing risk analysis for cancer-specific mortality
was done to further limit the impact of missing comorbidity information. Likewise, nonsurgical treatment data
are generally lacking within the SEER database. For example, hormonal treatments (e.g., somatostatin analogs)
are not reported within the SEER database. Chemotherapy and radiation therapy are also of limited specificity
with regard to type, schedule and duration. Therefore, and given these limitations, the results of this study would
mainly inform association rather than causation, and further studies would be needed to confirm this observation
and understand the potential biological basis of these observed differences.

Conclusion

The proportion of male patients in the current cohort was less than 50% the proportion of female patients, and
the APC of the incidence of lung carcinoid tumors among female patients was higher than the APC among
male patients. Moreover, female patients demonstrated better OS compared with male patients, particularly among
patients with typical carcinoid tumors. Although noncancer mortality may be playing a role here, potential biological
differences (and potential implications for treatment strategies) need to be explored between both groups.

Summary points

e The Surveillance, Epidemiology and End Results Research Plus database (2000-2018) was accessed, and patients
with a diagnosis of typical or atypical carcinoid of the lung were reviewed.

e Trends in age-standardized rates (per 100,000) of the incidence of lung carcinoid tumors were reviewed among
male and female patients as well as the overall population, and annual percent change (APC) was determined for
the three groups.

e Multivariate Cox regression analysis was then used to assess the factors associated with overall and cancer-specific
survival.

e Among all patients, APC (2000-2018) for lung carcinoid diagnosis was 2.9 (95% Cl: 2.4-3.5). Among male patients,
APC (2000-2018) for lung carcinoid diagnosis was 1.8 (95% Cl: 1.2-2.5). By contrast, among female patients, APC
(2000-2018) for lung carcinoid diagnosis was 3.4 (95% Cl: 2.8-4.1).

e Based on Kaplan—-Meier survival estimates, female sex was associated with better overall survival compared with
male sex (p < 0.001). Based on multivariate Cox regression analysis, the following factors were associated with
worse cancer-specific survival: older age (hazard ratio [HR]: 1.036; 95% CI: 1.031-1.041), atypical carcinoid
histology (HR: 3.10; 95% Cl: 2.71-3.56), stage (distant vs localized stage HR: 4.05; 95% Cl: 3.48-4.71), sex (male vs
female sex HR: 1.76; 95% Cl: 1.56-1.99) and no surgical treatment (HR: 3.77; 95% Cl: 3.22-4.42).
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Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
suppl/10.2217 /cer-2021-0205
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