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ABSTRACT

Objective: The characteristics of clinical features and prognoses among patients with different racial backgrounds
have not been clearly studied. We thus investigated the clinical characteristics and overall survival (OS) differ-
ences among Asian, White, and Black patients with pancreatic neuroendocrine tumors (pNETs). Materials
and Methods: The Surveillance, Epidemiology, and End Results (SEER) database was queried to identify patients
with pNETs between 1983 and 2015. We performed univariable (UVA) and multivariable logistic regression
(MVA) to assess the association between variables and race category. A Kaplan-Meier (KM) plot was used to cal-
culate the OS rates. The Cox proportional hazard regression was used to report the hazard of death. Results: We
identified 9,494 patients with a median follow-up of 31 months. There were 5,541 Whites (78.6%), 942 Blacks
(13.4%), and 569 Asians (8.1%). Asians were more likely to be younger, married, diagnosed at an earlier stage,
and have a tumor located at the head of the pancreas. White patients were less likely to be married and had,
on average, a higher percentage of the primary tumor at the tail of the pancreas, while Black patients were gen-
erally diagnosed at a much later stage. The median OS of Asians (71 months) was significantly higher than that of
Whites (50 months, p = 0.03) and Blacks (53 months, p = 0.01). Multivariable Cox regression showed no OS dif-
ference among the three races after adjusting for independent prognostic factors, including age, marital status,
primary site, TNM stage and treatment. Subgroup analysis in each race showed that age, M stage, and surgical
treatment were independent prognostic factors for survival in all three races while being female, married, and
in the N0 stage were positive prognostic factors of OS only in Whites. Among patients with surgery, Asians
had the best OS. Conclusions: Asians had the best OS among those who received surgery. Age, M stage, and sur-
gical treatment were the independent prognostic factors for survival across the three races. Female, married, and
in the N0 stage were positive predictive factors for survival only in White patients.
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1 Introduction

Pancreatic neuroendocrine tumors (pNETs) originate from precursor cells in the pancreatic ductal
epithelium with neuroendocrine differentiation and constitute up to 7% of all gastroenteropancreatic
(GEP) neuroendocrine neoplasms (NENs) and 2% of all pancreatic neoplasmas [1,2]. pNET diagnoses
have been dramatically increasing in the past few decades due to increased awareness and the
improvement of detection methods [1]. A large retrospective population-based study reviewing the
records of patients with pNETs from 1973 to 2012 reported that the incidence of pNETs in the US is
0.48 cases per 100,000 population, with a 5-year overall survival (OS) rate of around 50%. In Canada,
the incidence of primary NETs increased more than two times from 1994 to 2009, with 0.5 cases per
100,000 increases of pNETs, which accounts for 9.3% of all GEP NETs [3]. PNETs appear to be much
more common in continental Asians than in North Americans. Studies from China reported that pNETs
represent 13.7%–35% of all GEP NENs with a median OS of 4.1 years [4,5]. The incidence of pNETs in
Japan was 1.01 cases per 100,000 in 2005, which increased to 1.27 cases per 100,000 in 2010 [6,7]. The
reasons for such geographic and ethnic predilections are not fully understood.

The treatment for pNETs is highly personalized and needs multidisciplinary effort. Surgery, as the only
curative approach, is the first-line treatment for patients with pNETs [8]. Systemic chemotherapy is required
in many patients with advanced, recurrent, or metastatic pNETs who are not eligible for surgery. Radiation
therapy such as peptide receptor radionuclide therapy (PRRT) can also be applied in patients with advanced
NETs who cannot undergo surgical resection [9]. To our best knowledge, no publication has reported the role
which patients’ race includingWhite, Black and Asian plays on treatment patterns and their associated outcomes.

Racial disparities are long-standing and well-documented for patients with various tumors in the United
States. Other than incidence rates, clinical features, prognostic factors, and outcomes also vary regionally and
genetically [10,11]. However, published studies describing the clinical characteristics of neuroendocrine
neoplasms by race are limited. Typically, studies have grouped all GEP NENs together or have predated
the current 8th edition AJCC staging. Comparisons among patients with diverse genetic and cultural
backgrounds in the US have been poorly studied regarding incidence, clinical features, and prognostic
factors for survival outcomes regarding pNETs. Considering the diverse population and ongoing
demographic changes in the U.S., it is imperative for clinicians to recognize the racial/ethnic determinants
which affect the risk and survival of patients with pNETs. Using the data from the National Cancer
Institute’s Surveillance, Epidemiology and End Results (SEER) in the period between 1983 to 2015, we
investigated the characteristics and prognostic factors associated with different racial groups and the
impact of race on survival outcomes of pNET patients.

2 Methods

2.1 Patient Data Collection
This study was conducted using the National Cancer Institute’s Surveillance, Epidemiology and End

Results (SEER) database. Analyses were restricted to all cases diagnosed with pNETs from 1983 to
2015 in adults aged 19 and older. Patients with ICD-O-3 histology codes of 8150, 8151, 8152, 8153,
8155, 8156, 8157, 8240, 8241, 8242, 8243, 8246, and 8249 and pancreatic anatomical sites codes of
C250, C251, C252, C253, C254, C255, C256, C258, and C259 were included. We categorized patients
into three ethnic groups: White, Black, and Asian. Patients who did not fall into these three racial
classifications or had incomplete follow-up information, unknown survival length, or incomplete
histologic information were excluded from this study. Participants in the SEER database cannot be
identified, neither directly nor through identifiers linked to the patients. Therefore, this research is eligible
for exemption from IRB approval under 45 CFR 46.101(b)(4). The study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.
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2.2 Variables
Variables such as race, age, year of diagnosis, gender, marital status, primary tumor location, TNM

stage, treatment, and metro-rural residence were obtained from the SEER database. Age was transformed
into a categorical variable and categorized into four groups: 19–49, 50–59, 60–69, and >70 years old.
Treatment was classified as no treatment, chemotherapy only, surgery only, chemotherapy and surgery,
and radiation therapy (all the patients who received radiation therapy regardless of any other treatments
they have received). Marital status was registered as single/unmarried partner, married, separated/
divorced, widowed, and unknown marital status. The year of diagnosis was categorized into four groups
1983–2002, 2003–2007, 2008–2012, and 2013–2015. OS was used as the metric for survival outcome,
which was defined as the time from the date of the diagnosis to the date of any death or last follow-up.

2.3 Statistical Analyses
Categorical and continuous variables were described. Univariable and multivariable logistic regression

analyses were performed to assess the association between variables and race category. Logistic regression
was used to estimate odds ratios (ORs) and 95% confidence interval (CIs) for the race by potential risk
factors. Multivariable survival analyses were also conducted, and the adjusted odds ratios (ORs-adj) with
95% CIs were reported after adjusting for age, year of diagnosis, gender, marital status, primary site,
TNM stage, treatment, and rural-metro residence. Kaplan-Meier survival curves were plotted, and the log-
rank test was used to estimate the difference among groups. Cox proportional hazards regression was
used to report the hazard ratio (HR) and its 95% CIs for all variables of interest. The propensity match
was carried out using nearest neighbor matching selections with an exact match in gender. In the process,
1:1 matching was done sequentially for White or Black to be matched with each Asian record based on
propensity score without replacement but to have the same value for gender [12].

Variables that showed a significant association with a p-value of <0.05 in univariable analysis were
included in multivariable regression models. Statistical significance was set at two-sided with a p-value
less than 0.05. All the statistical analyses were performed with SAS software (version 9.4).

3 Results

3.1 Demographic and Clinical Characteristics among White, Asian, and Black Patients
This study identified 10,337 patients diagnosed with pNETs at 19 or older between 1983 and 2015. Of

these, 9,494 patients had follow-up information after removing duplicates. We excluded patients of Hispanic,
non-Black, non-White, or non-Asian origin and those that lacked race and/or historical information, leading
to a total of 7,052 eligible patients who met the study criteria and were included in the study (Supplemental
Table 1). Of 7,052, 5,541 were non-Hispanic White patients (78.6%), 942 non-Hispanic Black patients
(13.4%), and 569 non-Hispanic Asian patients (8.1%) (Table 1).

The median age of the entire cohort was 62 years (range 19–98 years), while the median ages of White,
Black, and Asian were 63 years (range 19–98 years), 59 years (range 19–92 years), and 61 years (range 22–
97 years), respectively. Compared to Black and White patients, Asian patients tended to be younger at
diagnosis. On the other hand, more than half (54.28%) of Black patients were diagnosed between the
ages of 50–69, and most White patients tended to be diagnosed at an age older than 60 (p < 0.01) (Table 1).

The entire study cohort included 3,969 (56%) males. A majority of patients were male in White (57.9%)
and Asian patient populations (54.8%), whereas a majority of Black patients were female (52.3%). Compared
to Black patients, a remarkably higher percentage of Asian and White patients were married. Although more
patients have been diagnosed in recent years for all three races, the total number of Asian patients has
increased much faster than Black and White patients in the last two decades (Table 1).
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The most common primary site was the head of the pancreas in Black and Asian patients (33.3% and
33.0%, respectively), while the tail of the pancreas was the most common location in White patients
(32%). Black patients were significantly less likely to develop pNETs on the tail of the pancreas than
Asians (p = 0.01) and Whites (p < 0.001). In addition, Asian patients were more frequently diagnosed at
earlier stages than other racial groups. In contrast, more Black patients presented with more advanced T
stages than Asian and White patients, as well as more advanced N and M stages than Asian patients.
Furthermore, a higher percentage of Asian and Black patients lived in a metropolitan area than White
patients (96.8%, 94.1%, and 88.6%, respectively) (Table 1).

3.2 Logistic Regression Analysis of the Factors Associated with Each Race
After adjusting for the covariates such as age, year of diagnosis, gender, marital status, primary site,

TNM stage, treatment, and metro-rural residence, the multivariable logistic analysis revealed that a
statistically significant difference was observed among races in the distribution of age, marital status, T
stage, and metro-rural residence (Table 1). When comparing Asian to White patients, those with ages
ranging from 19 to 49 were more likely to be Asian (p < 0.01). Patients diagnosed later than 2003 were
more likely to be White (p < 0.01). Patients with a higher TNM stage (T4 vs. T0-1, N1 vs. N0, and M1
vs. M0) were less likely to be Asian, and patients who lived in a non-metro area were also less likely to
be Asian (OR 0.25, p < 0.01). When comparing Asian to Black patients, those that were Asian were
more likely to be younger than 50 years old, married, diagnosed after 2003, have an earlier T stage at
diagnosis, and live in a metropolitan area (p < 0.01). Finally, when comparing Black and White patients,
those older than 50, female, not married, and in an earlier T stage were more likely to be Black. The
ORs-adj are shown in Table 1.

3.3 The Association of Race with Overall Survival in the Entire Study Cohort
There were 176 deaths (30.9%) in Asian patients (n = 569), 343 deaths (36.4%) in Black patients

(n = 942), and 1,963 deaths (35.4%) in White patients (n = 5541). The median follow-up was 31 months.
The median survival and mean survival for all patients were 31 and 44.56 months, respectively. Kaplan-
Meier survival curves for all patients and for each race are displayed in Figs. 1A and 1B. The median
survival (71 months) and 5-year OS (55.1%) of Asian patients were significantly higher than that of
White (50 months, 46.9%, p = 0.03) and Black patients (53 months, 46.5%, p = 0.01) (Fig. 1B).

Univariable Cox proportional hazard analysis revealed no association between race and the OS in the
entire study cohort (Table 2). After adjusting for age, year of diagnosis, gender, marital status, primary
site, TNM stage, treatment, and residency area, race still is not a prognostic factor for OS in a
multivariable Cox proportional hazard analysis (Table 2).

3.4 The Association of Race with Overall Survival in the Propensity Score-Matched Cohort
To minimize selection bias, a propensity score (PS)-matched analysis was performed. After matching

age, gender, marital status, primary site, year of diagnosis, TNM stage, treatment, and metro-rural
residence, 534 patients were identified in each ethnic group. Patient characteristics in three ethnic groups
were well-balanced across all known covariates (Supplemental Table 2). Kaplan-Meier survival curves for
unmatched and PS-matched cohorts are displayed in Fig. 1A. In the PS-matched cohort, median survival
and 5-year OS for Asian patients (71 months, 55.5%) were slightly higher than that of White (60 months,
49.9%, p = 0.57) and Black patients (58 months, 47.9%, p = 0.72), but with no statistical significance.
No difference in OS was seen between White and Black patients in the PS-matched cohort (p = 1)
(Fig. 1C). Although Asian as race is associated with a better OS than White in a univariable Cox
proportional hazard analysis (Supplemental Table 3), race no longer becomes a prognostic factor for OS
within the PS-matched cohort after adjusting for age, year of diagnosis, gender, marital status, primary
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site, TNM stage, treatment, and residency area in the multivariable Cox proportional hazard analysis (Supp
Table 3).

Figure 1: Overall survival. (A) For entire study population (Red) and propensity score-matched (Blue)
cohort. (B) For entire study population by race [Asian (Blue) vs. Black (Red) vs. White (Green)]. p value
(Asian vs. Black) = 0.01, p value (Asian vs. White) = 0.03, and p value (White vs. Black) = 1. (C) For
propensity score–matched cohort by race [Asian (Blue) vs. Black (Red) vs. White (Green)]. p value
(Asian vs. Black) = 0.72, p value (Asian vs. White) = 0.57, and p value (White vs. Black) = 1

Table 2: Univariable and multivariable Cox proportional regression analyses of factors associated with overall
survival in unmatched cohort

Variable Category
Univariable Multivariable

HR (95% CI) p-value HR (CI 95%) p-value

Race White
Asian
Black

Ref
0.90 [0.76–1.07]
1.01 [0.85–1.20]

0.2385
0.9146

Ref
0.99 [0.87–1.12]
1.07 [0.97–1.18]

0.8343
0.1781

(Continued)
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Table 2 (continued)

Variable Category
Univariable Multivariable

HR (95% CI) p-value HR (CI 95%) p-value

Age 19–49
50–59
60–69
70+

Ref
1.31 [1.06–1.64]
1.84 [1.50–2.27]
2.71 [2.21–3.32]

0.0143
<0.0001
<0.0001

Ref
1.21 [1.09–1.35]
1.66 [1.50–1.84]
2.42 [2.18–2.68]

0.0003
<0.0001
<0.0001

Year of diagnosis 1983–2002
2003–2007
2008–2012
2013–2015

Ref
0.93 [0.74–1.16]
0.77 [0.61–0.95]
0.93 [0.73–1.17]

0.5000
0.0173
0.5238

Ref
1.02 [0.92–1.14]
0.95 [0.85–1.06]
1.35 [1.20–1.53]

0.6940
0.3601
<0.0001

Gender Male
Female

Ref
0.83 [0.72–0.96] 0.0106

Ref
0.88 [0.82–0.94] 0.0002

Marital status Married
Single/Unmarried partner
Separated/Divorced
Widowed
Unknown

Ref
0.93 [0.74–1.19]
1.33 [1.01–1.76]
1.53 [1.23–1.91]
1.11 [0.78–1.58]

0.5788
0.0410
0.0002
0.5726

Ref
1.18 [1.07–1.31]
1.30 [1.17–1.45]
1.23 [1.10–1.37]
0.98 [0.83–1.16]

0.0008
<0.0001
0.0002
0.8055

Primary site Head of pancreas (C250)
Body of pancreas (C251)
Tail of pancreas (C252)
Other pancreas (C253–258)
Pancreas, NOS

Ref
0.81 [0.64–1.01]
0.77 [0.64–0.92]
0.87 [0.67–1.15]
1.28 [1.04–1.57]

0.0583
0.0046
0.3281
0.0183

Ref
0.89 [0.79–0.99]
0.93 [0.85–1.00]
0.87 [0.78–0.98]
1.00 [0.91–1.10]

0.0291
0.0763
0.0194
0.9899

T stage T0/Tis/T1
T2
T3
T4
TX

Ref
1.60 [1.25–2.07]
2.06 [1.60–2.66]
3.31 [2.55–4.29]
4.67 [3.56–6.14]

0.0002
<0.0001
<0.0001
<0.0001

Ref
0.97 [0.86–1.09]
1.18 [1.04–1.33]
1.17 [1.02–1.36]
1.15 [1.00–1.32]

0.6080
0.0081
0.0289
0.0478

N stage N0
N1
NX

Ref
1.43 [1.21–1.68]
2.78 [2.32–3.33]

<0.0001
<0.0001

Ref
1.11 [1.03–1.20]
1.21 [1.10–1.33]

0.0077
0.0001

M stage M0
M1

Ref
3.56 [3.07–4.13] <0.0001

Ref
1.82 [1.66–1.99] <0.0001

Treatment None/Unknown
Chemo only
Surgery
Surgery + Chemo
Radiation

Ref
0.84 [0.71–1.01]
0.18 [0.14–0.22]
0.45 [0.32–0.65]
0.81 [0.60–1.08]

0.0588
<0.0001
0.0004
0.7668

Ref
1.16 [1.07–1.26]
0.39 [0.36–0.43]
0.72 [0.62–0.85]
1.10 [0.97–1.25]

0.0006
<0.0001
<0.0001
0.1475

Metro
vs. Non-Metro

Metro
Non-Metro

Ref
0.72 [0.50–1.05] 0.0840

Ref
0.98 [0.88–1.09] 0.6830

Notes: HR Hazard ratios with 95% confidence intervals and p-values of the likelihood ratio test.
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3.5 The Association of Race with Overall Survival in the Sub-Treatment Groups
To further explore the association of race with OS in different subpopulations, we stratified the study

cohort by type of treatment, age, and year of diagnosis. We first compared the OS among three races in
the five treatment subgroups. In patients who received surgery, those that were Asian had the best OS
(Fig. 2C, p = 0.03). In patients who received surgery and chemotherapy, the OS of Asian patients again
exceeded the OS of Black and White patients (Fig. 2D, p = 0.048). There are no statistically significant
differences in OS among the three races in all other treatment subgroups, including chemotherapy,
radiation, and none/unknown groups (Figs. 2A, 2B and 2E). Multivariable analysis was conducted after
adjusting for the covariates, including age, year of diagnosis, gender, marital status, primary site, TNM
stage, treatment, and residency area. The risk of death of Asian patients in the surgery group was 26%
less than that of White patients (HR 0.74, 95% CI 0.57–0.97, p = 0.0299) but not significantly less than
that of Black patients (HR 0.77, 95% CI 0.56–1.06, p > 0.05) (Fig. 3C, Supplemental Table 7).

3.6 The Association of Race with Overall Survival in the Sub-Age Groups
After adjusting for all other covariates, Black patients were associated with a worse OS than White and

Asian patients in the 50–59 age group (Fig. 3A, Supplemental Table 5). Black patients with age between
50 to 59 years old had a 29% increased risk of death than that of White patients (HR1.29, 95% CI 1.05–
1.57, p = 0.013) and a 43% increased risk of death than that of Asian patients (HR1.43 95% CI 1.02–
2.00, p < 0.01) (Supplemental Table 5). Interestingly, Asian patients older than 70 years old had a worse
outcome than Whites and Blacks (Fig. 3A). The risk of death among Asian patients in the dataset was
1.24 times higher than White patients (HR1.24, 95% CI 1.0–1.53, p = 0.0475) and 1.32 times higher than
Black patients (HR1.32, 95% CI 1.00–1.74, p < 0.01) in patients over 70 years old (Supplemental Table 5).

3.7 The Association of Race with Overall Survival in the Subgroups by Year of Diagnosis
In subgroups stratified by year of diagnosis, there was no association between the survival of patients in

each stratified subgroup in the MVA. Asian, Black, and White patients had a very close outcome in all
diagnosis time periods from 1983 to 2015 (Fig. 3B and Supplemental Table 6).

In summary, after adjusting for prognostic factors, the three racial groups had an equal risk of death
before or after PS-matching. However, in the subgroup analysis stratified by treatment, Asian patients
who received surgery or surgery plus chemotherapy had a better survival outcome than Black and White
patients. In the analysis of five age subgroups, Black patients had the highest risk of death in the 50–
59 age group, while all three races were equally associated with poor OS in the population over 70 years old.

3.8 The Prognostic Factors Associated with Overall Survival in Each Racial Group
We next performed univariable and multivariable Cox proportional hazard analyses in the three races to

explore the predictor variables for OS in each racial group. In the univariable analysis, we found that younger
age, female sex, early TNM stage, and surgery were associated with significantly improved OS of patients in
all three races (Supplemental Table 4). When adjusted for covariates, multivariable Cox models showed that
patients who were younger than 50 at the M0 stage and only received surgery treatment had better survival
outcomes than others in all three races (p < 0.001) (Supplemental Table 4).

The treatment group is one of the most significant prognostic factors for all three racial groups. As
displayed in Supplemental Figs. 1A–1D, patients in all three race groups had the best OS in the surgery
group, followed by patients in surgery plus chemotherapy. MVA confirmed that surgery is the most
significant positive predictor for survival in Asian, Black, and White patients (p < 0.001, Supplemental
Fig. 2B, Supplemental Table 4). Surgery plus chemo treatment was also an independent prognostic factor
in Asian and White patients but not in Black patients (Supplemental Table 4). Patients in chemo,
radiation and none/unknown groups had a similar worse outcome than patients in surgery (Supplemental
Fig. 2B, Supplemental Table 4).
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Figure 2: Overall survival by race for (A) Patients who received no therapy or unknown therapy, (B)
Patients who received chemotherapy only, (C) Patients who received surgery, (D) Patients who received
both surgery and chemotherapy, (E) Patients who received radiation therapy
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Age was another key prognostic factor. The risk of death increased as the age of patients increased in
every race (Supplemental Fig. 2A). For Asian patients, the risk of death increased by 73% in patients in
the 60–69 years age group (HR 1.73, 95% CI 1.15–2.61, p = 0.009) and further accelerated over 200% in
patients above 70 years old (HR 3.01, 95% CI 1.99–4.57, p < 0.0001) when compared to patients in the
19–49 age period (Supplemental Fig. 2A, Supplemental Table 4). The significant rise in death risk for
Black patients was observed as early as 50 years old. The risk of death increased by 55% in the 50–
59 age group (HR 1.55, 95% CI 1.18–2.03, p = 0.002), 94% in 60–69 age group (HR 1.94, 95% CI
1.48–2.54, p < 0.0001), and 130% in age over 70 (HR 2.30, 95% CI 1.68–3.13, p < 0.0001) when
compared to patients in the 19–49 age group (Supplemental Fig. 2A, Supplemental Table 4). For White
patients, age was also a significant prognostic factor. The risk of death among White patients increased
by 17% in the 50–59 age group (HR 1.17, 95% CI 1.04–1.32, p = 0.01), 62% in the 60–69 age group
(HR 1.62, 95% CI 1.44–1.82, p < 0.0001), and 139% in age over 70 (HR 2.39, 95% CI 2.13–2.69, p <
0.0001) than patients younger than 49 years old (Supplemental Fig. 2A, Supplemental Table 4).

Figure 3: Overall Survival by treatment for (A) All study patients; (B) Asian patients; (C) Black patients;
(D) White patients. C: Chemotherapy, S: Surgery, R: Radiation therapy and N/U: No therapy/unknown
therapy
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Presenting with N0 stage at diagnosis was associated with an improved OS in White patients but not in
Asian or Black patients (Supplemental Table 4). The M0 stage at diagnosis was associated with an improved
OS in every race (Supplemental Table 4).

Married patients had a better OS than single or unmarried partner patients (HR 1.33, 95% CI 1.05–1.69,
p = 0.02), but not better than patients in separated/divorced and widowed groups in Black patients. In White
patients, being married was correlated with a better OS than all other categories. Interestingly, marriage status
in Asian patients had no impact on survival (Supplemental Table 4). Additionally, Black patients with the
primary tumor site at the body of the pancreas had a lower death risk than those at the head of the
pancreas (Supplemental Table 4). Unlike Asian and Black patients, in those that were White, females had
a 12% lower death risk than males (HR 0.88, 95% CI 0.82–0.95, p = 0.0012).

Overall, younger age, M0 stage, and surgical treatment were positive prognostic factors for patients of
all three races. Female, married status, T0-1 and N0 stage were positively correlated with OS in White
patients. In addition, the survival outcome of Black patients was also related to marital status.

4 Discussion

Pancreatic neuroendocrine tumors are a rare and heterogeneous group of neoplasms with strong racial
and geographic affiliations, leading to many challenging clinical decisions. In this study, we analyzed over
7,000 patients with pNETs diagnosed between 1983 and 2015 in the United States, characterized the clinical
features by racial and ethnic groups, demonstrated the relationship between race and clinical outcomes, and
revealed the distinctive prognostic factors for patients with different racial backgrounds in the contemporary
treatment era. To our knowledge, this is the first systemic study in a large cohort of US patients on comparing
clinical features and outcomes of pNET patients among Asians, Whites and Blacks.

First, we characterized and compared the clinical features among Non-Hispanic White, Asian, and Black
patients with pNETs. To date, only two studies have been published that compare outcomes between racial
groups. A study comparing 493 Black and 3,357 non-Black patients with pNETs from 2004 to 2013 in the
US showed that Black patients were more likely to be diagnosed at a more advanced stage and had a worse
OS than non-Black patients [13]. In the current study, we used SEER data from a more recent period. We
confirmed that Black patients with pNETs were more likely to be diagnosed at a later stage when
compared to Asian and White patients in this updated timeframe, which is consistent with the results
from the above-mentioned published study. Another published study, including 527 Chinese and 444 US
patients with pNETs, demonstrated a similar OS between Chinese and US patients even though Chinese
patients were younger at diagnosis [14]. In our study, when we compared Asian patients to either White
or Black, we found that Asians were much younger at diagnosis, with a higher frequency of being
married and, most importantly, had a much earlier TNM cancer stage. Furthermore, our study is the first
study to demonstrate that the most common primary site of pNETs for Asian patients is the head,
followed by tail of the pancreas, which matches that of Black patients, while the tail of the pancreas is
the most common primary site followed by the head of the pancreas for White patients. Treatment
strategy is another important covariate when studying the relationship between race and OS. A difference
on the distribution of treatments among three races was observed in UVA, but not in MVA after adjusting
for the covariates such as age, year of diagnosis, gender, marital status, primary site, TNM stage,
treatment, and metro-rural residence (Table 1). To further avoid the bias of treatment preference, we
performed the MVA to evaluate the association between race and OS in both unmatched and matched
cohort after adjusting for treatment strategies and all other covariates (Table 2 and Supplemental Table 3).
Our study demonstrates that the median survival (71 months) of Asian patients is significantly higher
than White (50 months) and Black patients (53 months) (p < 0.05) in the unadjusted survival analysis.
However, after adjusting for all the significant prognostic factors, Asian as a race was no longer
associated with an improved OS when compared to either White or Black.
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Second, as surgical resection is the only curative treatment for pNET patients and represents the
treatment of choice for all localized pNETs and resectable metastases, we conducted a subset analysis on
patients who received surgical treatment. Our study found that Asian patients had the best OS within this
group, which could be a consequence of the fact that Asian patients are more likely to be younger with
an earlier TNM stage at diagnosis, the M stage in particular. We also compared the outcomes among
different treatments for each racial group. Our finding showed that pNET patients in the surgery group
had the best OS in all three racial groups, followed by the surgery plus chemotherapy group after
matching all confounding covariates.

Third, by performing Cox proportional regression analysis, our results revealed a few critical prognostic
factors for patients receiving surgery. The first one is the M0 stage (no distant metastasis) at diagnosis, but not
the T stage and N stage. Studies have shown that neuroendocrine tumor metastasis leads to a significant
decrease in 5-year survival by up to 30% and a high recurrent rate even after metastasis-directed surgery
[15,16]. Our study showed that the risk of death in the M1 stage increased by 118% in Asian, 102% in
Black, and 79% in White patients compared to those in M0. Patients with distant metastasis have a 56%
higher death risk than no metastasis patients even after surgery. What draws our attention is that Asians
with pNETs were about 30% more likely to be M0 than those of White and Black patients at diagnosis,
which ultimately contributed to a better outcome in Asian patients after surgery. Age at diagnosis is
another key prognostic factor. Our results showed that the risk of death increased by 50% in the 60–
69 age group (vs. 19–49 age group), with an outstandingly higher risk of over 5 times in senior patients
over 70 years old (vs. 19–49 age group) in patients with surgery. Asian patients are more likely to be
diagnosed before age 50 than White and Black patients, which may contribute to better outcomes for
Asian patients. Although it is presumptive to speculate which factors may have contributed to the
differences that appear for the M stage between different ages of pNET patients at diagnosis, some points
may be worth discussing. First, Black patients may be genetically less susceptible to pNETs than Asian
and White, thus presenting at an older age. Second, Black patients may have less access to health care
which may affect the implementation of effective screening, leading to delayed diagnosis of disease.

Last but not least, we explored several other factors contributing to racial disparity. Marital status was an
independent prognostic factor for Blacks andWhites, but not for Asians. In a study exploring the relationship
between marital status and survival in cancer patients, researchers found that married cancer patients not only
had a smaller risk of metastasis, but also a greater chance to get definitive therapy and a much lower death
rate from cancer. They also showed that the positive impact of marriage was more significant in males than in
females [17]. Another study that focused on the influence of marital status in patients with pNETs
demonstrated that marital status is an independent prognostic factor for survival in pNETs, with a 10%
improvement in 5-year OS in married patients over unmarried patients [18]. In our study, we divided the
marital status into five groups, including married, single/unmarried partner, separated/divorced, widowed,
and unknown, to better study the impact of marital status on survival in each race group. We found that
only patients with separated/divorced and widowed status had a higher risk of death than married patients
in the overall population. As we conducted subgroup analysis in pNETs with the three racial backgrounds
and adjusted for all other covariates, marital status was not an independent prognostic for Asians but still
contributed to Blacks and Whites’ survival outcomes. The single/unmarried partner, separated/divorced,
and widowed statuses were all significantly correlated with a much worse outcome than married patients
in Whites. The results implied that the harm associated with unmarried status was remarkably greater in
White patients than in Asian and Black patients. Besides marital status, gender was another unique
prognostic factor for survival in White patients with pNET. Some studies showed that NETs are slightly
more common in women than men, but no difference was observed between males and females in OS or
response to therapy [19]. Our study showed that White patients had a similar gender distribution to Asian
patients but were 34% more likely to be female than Black patients. After adjusting for age, year of
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diagnosis, marital status, primary site, TNM stage, treatment, and residency region, female was an
independent prognostic factor of survival in White patients but not in Asians and Blacks. The death risk
increased by 12% in White males compared to White female patients.

Our study has limitations inherent to any secondary analysis of an extensive database. SEER data only
provides information on radiotherapy and chemotherapy as part of the first course of treatment. With a lack of
information regarding socioeconomic status, income, lifestyle, medical history, and comorbidities, for
example, we were not able to include all relevant risk factors in the analysis, which may have had a
significant impact on patients’ survival. Other limitations were the lack of data on the cause of death,
chemotherapy regimens, radiation dose and fractionation, otherwise incomplete data, and patients’
decision-making in treatment choices.

5 Conclusion

In conclusion, Asian patients were more likely to be younger and have lower tumor stages at diagnosis.
In the entire study population, there was no association between race and overall survival. However, among
patients who received surgical resection, Asians had the most favorable overall survival, followed by White
and Black patients. Age, M stage, and surgical treatment are the most important independent prognostic
factors for survival in all three racial groups. Meanwhile, being female, married, and having N0 stage are
unique positive prognostic factors for survival only in White patients.
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Supplemental Figure 1: Hazard ratios (HRs) [Black vs. Asian (Blue) and White vs. Asian (Red)] and 95%
confidence interval (CI) as a function of (A) Age at diagnosis. (B) Year of diagnosis. (C) Type of treatment
(R: Radiation, S: Surgery, C: Chemotherapy, N/U: No therapy/unknown therapy)

Supplemental Figure 2: Hazard ratios (HRs) and 95% confidence interval (CI) as a function of race. (A)
HR [age 50–59 vs. 19–49] (Blue), HR [age 60–69 vs. 19–49] (Red), and HR [age 50–59 vs. 19-49]
(Green). (B) HR [C vs. S] (Blue), HR [S + C vs. S] (Red), HR [R vs. S] (Green), and HR [N/U vs. S]
(Purple). C: Chemotherapy, S: Surgery, R: Radiation therapy and N/U: No therapy/unknown therapy
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Supplementary Table 1: Inclusions and Exclusions leading to final cohort

Exclusion steps Inclusion Resulting
sample size

Age younger than 19 Age 19 and older available 9,717,679

None pNETs pNETs (ICD-O−3: 8150, 8151, 8152, 8153, 8155,
8156, 8157, 8240, 8241, 8242, 8243, 8246, and 8249;
prime site is C250, C251, C252, C253, C254, C255,
C256, C258, and C259)

10,337

Second DX record (duplicates) First DX record 10,317

Incomplete follow-up information
or unknown survival length

Complete date for survival length calculation available 9,494

Hispanic origin, non-Black, non-
White, and Non-asian

Non-hispanic origin Black, White and Asian 8,402

Historic stage A information not
available

1983 <= Year of dx <= 2015 and historic stage A is not
9 (unknown)

7,082

Unknown resident area Resident information indicated rural or urban 7,052
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Supplemental Table 3: Univariable and multivariable Cox proportional regression analyses of factors
associated with overall survival in matched cohort

Univariable Multivariable

Variable Category HR (95% CI) p-value HR (CI 95%) p value

Race White
Asian
Black

Ref
0.90 [0.76–1.07]
1.01 [0.85–1.20]

0.2385
0.9146

Ref
0.96 [0.81–1.14]
1.03 [0.87–1.23]

0.6494
0.7134

Age 19–49
50–59
60–69
70+

Ref
1.32 [1.06–1.64]
1.84 [1.84–2.27]
2.71 [2.21–3.32]

0.0143
<0.0001
<0.0001

Ref
1.46 [1.16–1.83]
1.77 [1.43–2.21]
2.52 [2.00–3.18]

0.1053
0.5572
0.0022

Year of
diagnosis

1983–2002
2003–2007
2008–2012
2013–2015

Ref
0.93 [0.74–1.46]
0.77 [0.61–0.95]
0.93 [0.73–1.17]

0.1191
<0.0001
0.5498

Ref
1.12 [0.86–1.46]
1.09 [0.82–1.44]
1.59 [1.18–2.14]

0.0012
<0.0001
<0.0001

Gender Male
Female

Ref
0.83 [0.72–0.96] <0.0001

Ref
1.12 [0.96–1.30] 0.1357

Marital status Married
Single/Unmarried partner
Separated/Divorced
Widowed
Unknown

Ref
0.93 [0.74–1.19]
1.33 [1.01–1.76]
1.53 [1.23–1.91]
1.11 [0.78–1.58]

0.5788
0.0410
0.0002
0.5726

Ref
1.25 [0.98–1.60]
1.28 [0.96–1.70]
1.28 [1.00–1.64]
0.94 [0.66–1.36]

0.0749
0.0904
0.0485
0.7546

Primary site Head of pancreas (C250)
Body of pancreas (C251)
Tail of pancreas (C252)
Other pancreas (C253–258)
Pancreas, NOS

Ref
0.80 [0.64–1.01]
0.77 [0.64–0.92]
0.87 [0.67–1.15]
1.28 [1.04–1.57]

0.0583
0.0046
0.3281
0.0183

Ref
0.82 [0.65–1.04]
0.77 [0.63–0.93]
0.80 [0.60–1.05]
0.79 [0.63–1.00]

0.1058
0.0063
0.1059
0.0462

T stage T0/Tis/T1
T2
T3
T4
TX

Ref
1.60 [1.25–2.06]
2.06 [1.60–2.66]
3.31 [2.55–4.29]
4.67 [3.56–6.14]

0.0002
<0.0001
<0.0001
<0.0001

Ref
1.11 [0.85–1.44]
1.41 [1.07–1.87]
1.57 [1.13–2.18]
1.55 [1.13–2.13]

0.4344
0.0151
0.0074

N stage N0
N1
NX

Ref
1.43 [1.21–1.68]
2.78 [2.32–3.34]

<0.0001
<0.0001

Ref
1.08 [0.91–1.30]
1.17 [0.94–1.46]

0.3719
0.1518

M stage M0
M1

Ref
3.56 [3.07–4.13] <0.0001

Ref
1.98 [1.62–2.42] <0.0001

Treatment None/Unknown
Chemo only
Surgery
Surgery + Chemo
Radiation

Ref
1.19 [0.99–1.42]
0.21 [0.17–0.25]
0.54 [0.38–0.76]
0.96 [0.72–1.27]

0.0588
<0.0001
0.0004
0.7668

Ref
1.10 [0.91–1.34]
0.37 [0.30–0.46]
0.71 [0.49–1.04]
1.23 [0.92–1.66]

0.3297
<0.0001
0.0763
0.1629

Metro vs. Non-
Metro

Metro
Non-Metro

Ref
1.39 [0.96–2.01] 0.0840

Ref
1.41 [0.96–2.05] 0.0779

Notes: HR Hazard ratios with 95% confidence intervals and p-values of the likelihood ratio test.
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