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Abstract

Background: Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) are
increasingly common malignancies and tend to have favorable long-term prognoses.
Somatostatin analogues (SSA) are a first-line treatment for many NETs. Short-term
experiments suggest an association between SSAs and hyperglycemia. However, it is
unknown whether there is a relationship between SSAs and clinically significant
hyperglycemia causing development of diabetes mellitus (DM), a chronic condition
with significant morbidity and mortality.

Aim: In this study, we aimed to compare risk of developing DM in patients treated
with SSA vs no SSA treatment.

Methods and Results: Using the Surveillance, Epidemiology, and End Results (SEER)
database and linked Medicare claims (1991-2016), we identified patients age 65+
with no prior DM diagnosis and a GEP-NET in the stomach, small intestine, appendix,
colon, rectum, or pancreas. We used ;(2 tests to compare SSA-treated and SSA-
untreated patients and multivariable Cox regression to assess risk factors for devel-
oping DM. Among 8464 GEP-NET patients, 5235 patients had no prior DM and were
included for analysis. Of these, 784 (15%) patients received SSAs. In multivariable
analysis, the hazard ratio of developing DM with SSA treatment was 1.19, which was
not statistically significant (95% Cl 0.95-1.49). Significant risk factors for DM
included black race, Hispanic ethnicity, prior pancreatic surgery, prior chemotherapy,
tumor size >2 cm, pancreas tumors, and higher Charlson scores.

Conclusion: DM was very common in GEP-NET patients, affecting 53% of our
cohort. Despite prior studies suggesting an association between SSAs and hypergly-
cemia, our analysis found similar risk of DM in SSA-treated and SSA-untreated GEP-
NET patients. Further studies are needed to better understand this relationship. As
NET patients have increasingly prolonged survival, it is crucial to identify chronic con-

ditions such as DM that these patients may be at elevated risk for.
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1 | INTRODUCTION

Gastroenteropancreatic neuroendocrine tumors (GEP-NETSs) are an
increasingly common group of malignancies, with diagnosis rates
increasing by more than sixfold in the last four decades and continu-
ing to rise.? Even in patients who present with advanced stage
tumors, the long-term prognosis is relatively favorable, with median
survivals of 5 years or more.>* A common first-line treatment for
NETs is a somatostatin analogue (SSA), such as octreotide or
lanreotide. Given the often-prolonged duration of treatment with
SSAs and long survival of patients with GEP-NETs, it is important to
understand the potential long-term effects of these treatments.

Diabetes mellitus (DM) is a serious condition that has been
reported in approximately 21.4% of all individuals over age 65.° DM is
associated with significant complications and morbidity, decreased
quality of life, and increased mortality.>*°

SSAs have been shown to alter glucose homeostasis. In clinical trials
of the octreotide acetate long-acting injection in NET patients, hypergly-
cemia was observed in 27%.1* Additionally, in small studies in non-NET
patients, intravenous or subcutaneous octreotide was found to be effec-
tive in treating sulfonylurea-induced hypoglycemia in the acute

setting,lz'13

thought to be via octreotide's inhibition of insulin release
from pancreatic beta cells. However, the effects of SSAs on glucose reg-
ulation are complex. While SSAs inhibit insulin and glucagon-like peptide
1 (GLP-1) secretion, which increases blood glucose; they also inhibit
secretion of the counterregulatory hormones, growth hormone and glu-
cagon, thereby reducing insulin resistance and blood glucose levels.241%
Though less common than instances of hyperglycemia, hypoglycemia
was observed in 4% of NET patients in the octreotide clinical trials.**

In NET patients, small studies have suggested an association between
GEP-NETs and metabolic syndromel” and higher fasting glucose,® but
these initial studies showed no statistically significant difference in these
measures in patients treated with SSAs. Overall, although hyperglycemia is
more often suggested than hypoglycemia, the net effect of SSAs on glu-
cose homeostasis in GEP-NET patients is not well-understood. Addition-
ally, whether SSAs predict clinically significant and long-term
hyperglycemia causing subsequent diabetes mellitus has not been studied.

Therefore, our primary aim in this retrospective study is to deter-
mine whether SSA treatment independently increases risk of develop-

ing DM in GEP-NET patients.

2 | METHODS

21 | Study population

The study was approved by the Icahn School of Medicine Institutional
Review Board: Study IRB-20-03072.

Using the Surveillance, Epidemiology, and End Results (SEER)
database and linked Medicare claims from 1991 to 2016, we identi-
fied individuals over age 65 diagnosed with a single GEP-NET in the
stomach, small intestine, appendix, colon, rectum, or pancreas, and
no prior DM diagnosis. We excluded patients with a diagnosis of
diabetes predating their GEP-NET diagnosis date and patients for
whom a GEP-NET was diagnosed on autopsy. We excluded patients
without Medicare Part B Coverage, which covers outpatient care
and certain outpatient medications, and patients enrolled in a health
maintenance organization (HMO), as Medicare does not have full
claims records for these individuals. Participants were followed until
date of death or until the end of claims reporting on December
31, 2016.

Variables of interest obtained from the SEER-Medicare database
included age, race/ethnicity, tumor size, tumor grade, and tumor
stage. Participants were defined as having the clinical symptoms of
carcinoid syndrome if they had two or more diagnosis codes for
“diarrhea,” “flushing,” or “carcinoid syndrome” using International
Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes.
Prior NET treatments with SSAs (octreotide or lanreotide), pancreatic
surgery, radiation, or chemotherapy were identified by ICD-9 diagno-
sis codes and Healthcare Common Procedure Coding System
(HCPCS) codes, billing codes which identify services, procedures, and
supplies. All treatments were considered binary variables, such that
patients who received a treatment for any period of time were treated
equally as having received the treatment. Charlson comorbidity index
was calculated using ICD-9 code claims preceding the date of NET
diagnosis for each patient. Patients were defined as having developed
DM by determining the date of the first occurrence of an ICD-9 code
for DM across all of an individual's claims after the date of GEP-NET
diagnosis.

The primary outcome was the risk of developing DM in SSA-treated vs
SSA-untreated GEP-NET patients. Secondary outcomes were identification

of other significant predictors of developing DM in adjusted analysis.

2.2 | Statistical analysis

We compared patients who received SSA with those who did not
receive SSA using chi-squared tests. We used a multivariable Cox pro-
portional hazards model to identify independent risk factors for devel-
oping DM. In this time-to-event analysis, the target event was the time
of DM diagnosis, and the time origin was the GEP-NET diagnosis date.
Receipt of SSA treatment was analyzed as a time-dependent variable,
such that the value of the binary “received SSA” variable is reassigned
at each time point that there is an event (ie, a diagnosis of diabetes).
This accounts for the possibility that SSA may have been started at
varying time points before or after DM diagnosis. Individuals who had
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TABLE 1 Baseline characteristics of GEP-NET patients without prior diabetes mellitus

Variable
Age 65-69
70-74
75-79
80+
Gender Male
Race/ethnicity Non-Hispanic white
Non-Hispanic black
Hispanic
Asian/Pacific Islander
Tumor size <lcm
1-2cm
>2 cm
Unknown
Stage |
I
n
v
Histological grade Well differentiated
Moderately differentiated

Poorly differentiated and
undifferentiated

Unknown

Primary site Appendix
Colon
Pancreas
Rectum
Stomach
Small intestine

Prior pancreatic surgery

Carcinoid syndrome

Prior chemotherapy

Prior radiotherapy

Modified Charlson comorbidity 0

index 1-2

>3
Unknown

Developed diabetes mellitus

no DM diagnosis by the date of last follow-up were treated as cen-
sored observations. Kaplan-Meier survival analysis was performed to
compare survival in DM patients vs non-DM patients, for the entire
cohort of NET patients, and for subgroups of pancreatic primary tumors
compared to tumors of other primary sites. A P-value of <.05 was con-
sidered statistically significant. All statistical analyses were performed
using SAS (Cary, North Carolina).

No SSA treatment
N = 4451 Received SSA
N (column %) treatment N = 784 P-value
1739 (39.1%) 340 (43.4%) .0002
1026 (23.1%) 201 (25.6%)
765 (17.2%) 133 (17.0%)
921 (20.7%) 110 (14.0%)
2210 (49.7%) 378 (48.2%) 46
3365 (75.6%) 673 (85.8%) <.0001
493 (11.1%) 9 (7.5%)
248 (5.6%) 2 (4.1%)
268 (6.0%) 8(2.3%)
796 (17.9%) 20 (2.6%) <.0001
837 (18.8%) 159 (20.3%)
1334 (30.0%) 373 (47.6%)
1484 (33.3%) 232 (29.6%)
1905 (46.4%) 53(7.1%) <.0001
416 (10.1%) 60 (8.0%)
676 (16.5%) 136 (18.2%)
1108 (27%) 498 (66.7%)
1099 (24.7%) 237 (62.5%) <.0001
311 (7.0%) 95 (25.1%)
626 (14.1%) 47 (12.4%)
2415 (54.3%) 405 (51.7%)
212 (4.8%) 2 (1.5%) <.0001
704 (15.8%) 1(15.4%)
719 (16.2%) 193 (24.6%)
929 (20.1%) 27 (3.4%)
470 (10.6%) 5 (4.5%)
1417 (31.2%) 446 (56.9%)
257 (5.8%) 46 (5.9%) .92
618 (13.9%) 359 (45.8%) <.0001
430 (9.7%) 395 (50.4%) <.0001
233 (5.2%) 5(10.8%) <.0001
2457 (55.2%) 553 (70.5%) <.0001
1021 (22.9%) 138 (17.6%)
210 (4.7%) 3(1.67%)
763 (17.1%) 80 (10.2%)
1079 (24.2%) 240 (30.6%) .0002

3 | RESULTS

We identified 8464 patients with a pathologically confirmed GEP-
NET from the SEER database and linked Medicare claims from 1991
to 2016. Of these, 3229 (38% of all GEP-NET patients) had a diagno-
sis of DM predating their NET diagnosis and were excluded from the
main analysis. The remaining 5235 patients were included for analysis.
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Variable

Age

Gender

Race/ethnicity

Tumor size

Stage

Histological grade

Primary site

Prior pancreatic surgery
Carcinoid syndrome
Prior chemotherapy
Prior radiotherapy

Modified Charlson comorbidity
index

NI ET AL
TABLE 2 Characteristics of GEP-NET patients, by development of diabetes mellitus during study period
No diabetes mellitus
N= 3916 Developed diabetes mellitus
N (column %) N= 1319 P-value
65-69 1496 (38.2%) 583 (44.2%) <.0001
70-74 913 (23.3%) 314 (23.8%)
75-79 675 (17.2%) 223 (16.9%)
80+ 832 (21.3%) 199 (15.1%)
Male 1965 (50.2%) 623 (47.2%) 0.06
Non-Hispanic white 3092 (79.0%) 946 (71.7%) <.0001
Non-Hispanic black 373 (9.5%) 179 (13.6%)
Hispanic 192 (4.9%) 88 (6.67%)
Asian/Pacific Islander 204 (5.2%) 82 (6.22%)
<1lcm 612 (15.6%) 204 (15.5%) .57
1-2cm 745 (19.0%) 251 (19.0%)
>2cm 1294 (33.0%) 413 (31.3%)
Unknown 1265 (32.3%) 451 (34.2%)
| 1369 (37.4%) 589 (49.4%) <.0001
I 343 (9.4%) 133 (11.2%)
1] 623 (17.0%) 189 (15.9%)
v 1325 (36.2%) 281 (23.6%)
Well differentiated 1022 (26.1%) 314 (23.8%) <.0001
Moderately differentiated 323 (8.3%) 83 (6.3%)
Poorly differentiated and 584 (14.9%) 89 (6.8%)
undifferentiated
Unknown 1987 (50.7%) 833 (63.2%)
Appendix 185 (4.7%) 39 (3.0%) <.0001
Colon 632 (16.1%) 143 (10.8%)
Pancreas 660 (16.9%) 252 (19.1%)
Rectum 662 (16.9%) 294 (22.3%)
Stomach 373 (9.5%) 132 (10.0%)
Small intestine 1404 (35.9%) 459 (34.8%)
179 (4.6%) 124 (9.4%) <.0001
727 (18.6%) 250 (19.0%) .75
593 (15.1%) 232 (17.6%) .04
238 (6.1%) 80 (6.1%) .99
0 2232 (57.0%) 778 (59.0%) 21
1-2 893 (22.8%) 266 (20.2%)
>3 161 (4.1%) 62 (4.7%)
Unknown 630 (16.1%) 213 (16.2%)
544 (13.9%) 240 (18.2%) .0002

Received SSA

Of these patients, the vast majority never received SSA, with only

included, followed by rectal (18.3%),

pancreatic (17.4%), colonic

784 (15%) receiving SSA treatment after NET diagnosis.

The median age of this cohort was 72, with even distributions of
men and women (49.4% men). The large majority of patients (77.1%)
were non-Hispanic white, 10.5% were non-Hispanic black, 5.4% were
Hispanic, and 5.5% were Asian and Pacific Islander (API). Small intes-

tine tumors were most common, making up 35.6% of all tumors

(14.8%), gastric (9.7%), and appendiceal (4.3%) tumors. Tumor stage
was bimodal, with a high frequency of stage 1 (40.4%) and stage
4 (33.1%) tumors, and just 9.8% stage 2 and 16.7% stage 3 tumors.
Over half (55.3%) of tumors were grade 1 (well-differentiated), while
16.8% were grade 2 (moderately differentiated), and 27.9% were
grade 3 (undifferentiated or poorly differentiated).
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TABLE 3 Risk factors for developing diabetes mellitus in multivariable analysis

Variable Hazard ratio 95% confidence interval P-value
Age 65-69 Ref.

70-74 0.89 (0.77, 1.04) 14

75-79 0.95 (0.80, 1.12) .53

80+ 0.85 (0.71, 1.02) .08
Gender Male 0.96 (0.85, 1.08) 46
Race/ethnicity Non-Hispanic white Ref.

Non-Hispanic black 1.58 (1.33,1.89) <.0001

Hispanic 1.58 (1.25,2.01) .0002

Asian/Pacific Islander 1.21 (0.95,1.54) 13

Other/Unknown 1.15 (0.73,1.80) .54
Tumor size <lcm Ref.

1-2cm 1.19 (0.97, 1.46) .09

>2cm 1.35 (1.09, 1.66) .005

Unknown 1.15 (0.96, 1.38) .13
Stage | Ref.

1l 0.93 (0.75, 1.15) 49

1 0.84 (0.69, 1.02) .08

v 0.85 (0.70, 1.03) .09
Histological grade Well differentiated Ref.

Moderately differentiated 0.97 (0.75, 1.24) .78

Poorly differentiated and undifferentiated 1.01 (0.77, 1.33) 92

Unknown 1.15 (0.99, 1.33) .07
Primary site Rectum Ref.

Colon 0.94 (0.74, 1.20) .62

Pancreas 1.49 (1.16, 1.90) .002

Small intestine 0.92 (0.76,1.12) 41

Stomach 1.03 (0.81, 1.30) .84

Appendix 0.79 (0.55,1.12) .18
Prior pancreatic surgery 1.35 (1.03, 1.75) .03
Carcinoid syndrome 1.02 (0.88, 1.20) 76
Prior chemotherapy 1.25 (1.06,1.49) .01
Prior radiotherapy 1.12 (0.88, 1.43) .36
Modified Charlson comorbidity index 0 Ref.

1-2 1.24 (1.07, 1.44) .0054

3 or greater 2.40 (1.80, 3.19) <.0001

Unknown 0.92 (0.77, 1.09) .33
Received SSA (time-dependent variable) 1.19 (0.95, 1.49) 13

Bold values indicates the statistically significant P-values

In an unadjusted comparison, 30.6% of patients who received
SSA developed DM after NET diagnosis, vs 24.2% of patients who did
not receive SSA (P = .0002) (Table 1). Patients who received SSA were
significantly more likely to be younger (age 65-69 group), have
received chemotherapy or prior radiation therapy, have clinical symp-
toms of carcinoid syndrome, and have a larger and later stage tumor.

There were also statistically significant differences in the distributions

of tumor site, race/ethnicity, and Charlson comorbidity score between
groups that did and did not receive SSA.

Compared to those who did not develop DM, individuals who
developed DM were more likely to have received SSA, chemotherapy,
or pancreatic surgery. There were also statistically significant differ-
ences in age, race/ethnicity, stage, grade, and primary site distribu-

tions (Table 2). Additionally, in a univariate Cox regression model,
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Survival in GEP-NET Patients with Diabetes Mellitus (DM) versus No DM

1.0 + Censored |
No DM
0.8 + DM
2
2
el 06 =
o
o
©
= 04-
S
=
n
0.2 4
0.0
I | I I I 1
0 5 10 15 20 25
Years
Year 0 2 4 6 8 10 12 14 16 18 20 22 24
Number at risk | NoDM | 3916 | 2220 | 1427 | 918 | 585 | 378 | 213 125 62 38 17 10 3
DM 4548 | 3005 | 2124 | 1487 | 1028 | 669 442 249 63 35 16 4 0
FIGURE 1 Survival in GEP-NET patients with diabetes mellitus (DM) vs no DM
treatment with SSA with time-dependent adjustments showed a haz- 4 | DISCUSSION

ard ratio (HR) of 1.31 for developing DM, which was statistically sig-
nificant (95% CI 1.09-1.58, P = .004).

However, in a multivariable model with analysis of SSA with
adjustment for other covariates, SSA-treated patients had similar risk
of DM as SSA-untreated patients (HR 1.19; 95% Cl 0.95-1.49)
(Table 3). Patient factors associated with increased DM risk included
Hispanic ethnicity (HR 1.58; 95% Cl 1.25-2.01) and black race
(HR 1.58; 95% Cl 1.33-1.89). Age was not independently associated
with development of DM. A sub-analysis excluding pancreatic tumors
showed consistent results, with no significant difference in DM risk in
SSA-treated and SSA-untreated individuals (HR 1.14; 95% CI
0.87-1.49).

Tumor factors associated with increased DM risk were primary
pancreas tumors (HR 1.49, 95% Cl 1.16-1.90) and tumors larger than
2 cm (HR 1.35, 95% Cl 1.09-1.66). Tumor stage was not associated
with development of DM. Likewise, clinical carcinoid syndrome was
not significantly associated with the development of DM.

Among previous treatments, prior pancreatic surgery (HR 1.35;
95% Cl 1.03-1.75) and prior chemotherapy (HR 1.25; 95% ClI
1.06-1.49) predisposed patients to developing DM. Higher Charlson
comorbidity scores were also associated with increased risk of DM.

Overall survival in all individuals with GEP-NET was plotted with
Kaplan-Meier analysis (Supplementary Figures). In Kaplan-Meier
analysis comparing individuals with and without DM, survival in these
groups was comparable (Figure 1). However, survival of individuals
with pancreatic tumors was significantly less favorable than those

with tumors of other primary sites (Supplementary Figures).

Individuals with GEP-NETs are often treated with SSAs as a first-line
treatment and stay on SSAs for a prolonged period, up to 10 years or
more. It is therefore important to understand the long-term effects of
SSAs. Some known potential risks of SSAs include exocrine pancreatic
insufficiency (described in 20%-25% of patients) and biliary stone dis-
ease (described in 27% of patients treated with SSA).272% The effects
of SSA on pancreatic endocrine function and glycemic control have
not yet been elucidated, however, and are especially crucial to
explore, given over half of all GEP-NET patients in our cohort (53%)
developed diabetes mellitus in their lifetimes. Although our adjusted
analysis demonstrates SSA treatment did not confer increased risk of
DM in this cohort, our results show an overall much higher rate of
DM in individuals with GEP-NETs compared to the general US popu-
lation, in which 21.4% of adults over age 65 are diagnosed with DM.”

To our knowledge, the relationship between SSAs and develop-
ment of DM has not been studied in NET patients. The limited exis-
ting literature has shown mixed results on the relationship between
SSAs and blood glucose levels. A number of studies in individuals
without NETs and animal models have linked SSAs and hyperglyce-
mia. These studies demonstrated that SSA administration results in
increased blood glucose and suppressed insulin in rats, and increased
blood
humans.*2132223 However clinical trials for octreotide have reported

glucose after sulfonylurea-induced hypoglycemia in

instances of either hyper- or hypoglycemia in different individuals.!!
Still others have reported no significant glucose alterations or only

transient changes.l“"'24
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This is the first study to describe a markedly higher prevalence of
DM in individuals with GEP-NETs compared to the general population
over age 65. One group has previously observed an association
between well-differentiated GEP-NETs and metabolic syndrome and
visceral obesity.”"*® Higher fasting glucose and glucose intolerance
were described previously in two small samples of patients with NETSs;
however, the prevalence of DM diagnoses in the GEP-NET population
has not been studied.2”?° It has been proposed that DM and neuro-
endocrine tumors share components in their pathogenesis, though the
exact mechanism is not known.?® This is supported by studies show-
ing that some medications for diabetes such as metformin have been
associated with slower tumor progression in NET patients.?”?® Fur-
ther studies are needed to better explain these relationships.

We found significantly increased risk of diabetes in non-
Hispanic black and Hispanic populations, which is consistent
with prior data in both the general population and the
elderly.??3* A variety of socioeconomic (eg, neighborhood,
income) and biologic (eg, BMI, waist circumference) risk factors
have been linked to the higher rates of DM in these groups and
are likely also at play in our patient population.®23* Our finding
that pancreatic NETs in particular predicted higher risk of DM
has also been described previously, though the direction of cau-
sality has been unclear.?”

Strengths of this study include the examination of an understudied
patient population with GEP-NETSs, a large sample size, and low rate of
loss to follow-up. To our knowledge, there have been no prior studies
of the relationship between use of SSAs and development of DM in
individuals with GEP-NETSs. Limitations of the study include the possi-
bility of selection bias. Only patients over 65 and therefore eligible for
Medicare were included, and this older sample may not represent all
individuals with GEP-NETs. However, this study's older population is
an important population to understand, in light of prolonged survival
of patients with GEP-NETSs, as well as the aging of the US population
as a whole. Additionally, the rate of SSA treatment was 15% of our
sample, lower than expected given the largely well-differentiated and
late-stage disease in this sample, which would likely be good candi-
dates for treatment. This raises the possibility that SSA treatment data
may be incompletely captured or underestimated in the SEER-Medi-
care database, or may represent differences in treatment practices over
time. Low SSA treatment rates were similarly seen in a prior SEER-
Medicare analysis of all nonpancreatic GI NET patients, in which just
6% of patients received SSA*

Overall, our study shows a substantially higher rate of DM in indi-
viduals with GEP-NETs than in the general population. As patients
with GEP-NETSs have increasingly favorable cancer-related survival, it
is important for clinicians to understand these patients' increased risk
of DM, given the significant morbidity and mortality of DM over time.
Though some prior literature suggests SSAs are linked to hyperglyce-
mia and glucose dysregulation, SSAs were not associated with
increased risk of DM in our sample. Further studies are needed to bet-
ter understand the relationship between glucose regulation, SSA
treatment, and the increased DM risk in individuals with GEP-NETSs.
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