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Abstract
AIM: To assess advanced neuroendocrine tumor (NET) 
treatment patterns and resource utilization by tumor 
progression stage and tumor site in the United States. 

METHODS: United States Physicians meeting eligibil-
ity criteria were provided with online data extraction 
forms to collect patient chart data on recent NET pa-
tients. Resource utilization and treatment pattern data 
were collected over a baseline period (after diagnosis 
and before tumor progression), as well as initial and 
secondary progression periods, with progression de-
fined according to measureable radiographic evidence 
of tumor progression. Resource categories used in the 
analysis include: Treatments (e.g. , surgery, chemo-

therapy, radiotherapy, targeted therapies), hospitaliza-
tions and physician visits, diagnostic tests (biomarkers, 
imaging, laboratory tests). Comparisons between cat-
egories of resource utilization and tumor progression 
status were examined using univariate (by tumor site) 
and multivariate analyses (across all tumor sites).

RESULTS: Fifty-five physicians were included in the 
study and completed online data extraction forms us-
ing the charts of 110 patients. The physician sample 
showed a relatively even distribution for those affiliated 
with academic versus community hospitals (46% vs  
55%). Forty (36.3%) patients were reported to have 
pancreatic NET (pNET), while 70 (63.6%) patients had 
gastrointestinal tract (GI)/Lung as the primary NET site. 
Univariate analysis showed the proportion of patients 
hospitalized increased from 32.7% during baseline to 
42.1% in the progression stages. While surgeries were 
performed at similar proportions overall at baseline and 
progression, pNET patients, were more likely than GI/
Lung NET patients to have undergone surgery during 
the baseline (33.3% vs  25.0%) and any progression pe-
riods (26.7% vs  23.4%). While peptide-receptor radio-
nuclide and targeted therapy utilization was low across 
NET types and tumor stages, GI/Lung types exhibited 
greater utilization of these technologies compared to 
pNET. Chemotherapy utilization was also greater among 
GI/Lung types. Multivariate analysis results demonstrat-
ed that patients in first progression period were over 3 
times more likely to receive chemotherapy when com-
pared to baseline (odds ratio: 3.31; 95%CI: 1.46-7.48, 
P  = 0.0041). Further, progression was associated with a 
greater likelihood of having a study physician visit [rela-
tive risk (RR): 1.54; 95%CI: 1.10-2.17, P  = 0.0117], 
and an increased frequency of other physician visits (RR: 
1.84; 95%CI: 1.10-3.10, P  = 0.0211).

CONCLUSION: Resource utilization in advanced NET 
in the United States is significant overall and data sug-
gests progression has an impact on resource utilization 
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regardless of NET tumor site. 
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INTRODUCTION
Neuroendocrine tumors (NET) are a group of  diverse 
neoplasms, commonly originating in the gastrointestinal 
tract (GI), lungs, and pancreas. The prevalence of  NET is 
estimated to be 35.0 per 100000 in the United States, and 
the age-adjusted incidence of  NET has increased from 
an estimated 1.1 per 100000 persons in 1973 to 5.3 per 
100000 persons in 2004[1]. The specific factors respon-
sible for this rise in incidence are not know; however, 
improved classification of  tumors and widespread use of  
endoscopy as a screening tool are likely contributors to 
this increase[1].

Pancreatic NET (pNET) are often classified based on 
hormone produced (e.g., gastrinoma, insulinoma)[2]. GI 
and lung NET types have traditionally been classified by 
site of  origin, and morphologic pattern. Newer classifica-
tions, however, have been formulated to reflect the con-
siderable variability in histopathology and presentation 
within each site of  origin[3]. Patients with ileocecal NET 
typically present with carcinoid syndrome, which results 
from an over production of  serotonin. Symptoms and 
complications include diarrhea, hot flashes, bronchocon-
striction, and right-sided valvular heart disease[3]. NET is 
commonly perceived as indolent[1]; however, due to the 
variability and uncertainty of  symptoms associated with 
the disease, NET is often diagnosed in an advanced stage 
whereby the prognosis is poor (65% 5-year mortality 
rate). This is particularly true of  pNET, where the 5-year 
mortality rate has been reported to be as high as 73%[1].

Patients with localized NETs and those with resectable 
oligometastases are often managed surgically. Advanced 
unresectable tumors are often treated with somatostatin 
analogs (SSA), either for control of  symptoms or inhibi-
tion of  tumor growth[4]. Other treatment options include 
streptozocin or temozolomide-based chemotherapy, or 
targeted therapies such as sunitinib or everolimus[5,6]. Plati-
num and etoposide-based regiments are typically used 
for poorly differentiated tumors. While guidelines to aid 
treatment decisions have been published[5,6], little is known 
about how disease progression and tumor type influence 
NET treatment decisions among United States physicians 

in a real-world setting. Therefore, the aim of  the current 
study is to assess advanced NET treatment patterns and 
resource utilization by tumor progression stage and tumor 
site in the United States.

MATERIALS AND METHODS
Study design 
In a United States-based sub-analysis of  a global study 
(details of  which have been published elsewhere[7]) Physi-
cians (gastroenterologists, endocrinologists, and oncolo-
gists) were contacted to take part in the research from 
December 2010 to January 2011. A total of  4100 physi-
cians were identified in a market research database, and 
were recruited via an online invitation. A convenience 
sampling method was applied in order to achieve a fi-
nal global study sample of  197 physicians, with a target 
sample of  55 physicians in the United States sub-study. 
Eligibility criteria included the following: practicing medi-
cine for at least 3 years (but no more than 30 years) prior 
to the study date, spending at least 50% of  one’s working 
time on patient care, treating at least 3 NET patients in 
the past year, and specializing in gastroenterology, endo-
crinology, or oncology.

Physicians were instructed to complete internet-based 
data extraction forms, referring to clinical charts of  pa-
tients. They were asked to refer only to charts on their 
most recent patients who were diagnosed with advanced 
NET of  the GI tract, lung, or pancreas - at least one 
patient must have experienced tumor progression. Ad-
ditionally, selected patients had to have confirmed well - 
to moderately-differentiated tumor histology, assessed as 
per the 2000 World Health Organization criteria[8]. Data 
regarding patients with poorly differentiated tumors were 
not selected for this study. Proportions, frequencies, and 
means (respectively) were compared by NET progression 
stage and tumor site for the following measures:

NET progression: The main variable of  interest was 
3-level tumor progression stage. The baseline period, or 
first stage, was defined as the time between diagnosis of  
NET and diagnosis of  tumor progression with measur-
able or radiographic evidence as reported by physicians. 
Initial progression, or second stage, was defined as the 
time period during which tumor progression was first 
diagnosed and treated. Secondary progression, or third 
stage, was defined as the time point when further mea-
surable or radiographic evidence for progression was 
found, and the following period of  treatment. Since not 
all patients had a second progression, physicians were 
asked to project resource use during this period, assum-
ing a duration of  12 mo for all patients. The date of  the 
last resource use served as a proxy for patients who had 
no recorded first progression or second progression date. 
Initial and secondary progression, in aggregate, were re-
ferred to as any progression (i.e., the any progression pe-
riod encompasses both the initial and secondary progres-
sion period, assessing resources accrued in both; Figure 1).  

2349 April 21, 2013|Volume 19|Issue 15|WJG|www.wjgnet.com

Strosberg J et al . United States resource utilization in advanced NET



NET type: The patient sample was further stratified into 
two groups, one with primary NET location as either the 
lung or GI, and the other with primary NET location as 
the pancreas. It should be noted that no pre-specified dis-
tribution among NET sub-types was implemented; physi-
cians were asked only to report data on their most recent 
patients.

Patient baseline attributes: Include age, site of  metas-
tasis, ECOG performance status, tumor histology and 
grade, performance status, comorbidities, and tumor 
symptoms.

Physician attributes: Include primary specialty, whether 
they practiced in an academic or community hospital, 
number of  years of  training and practice, and proportion 
of  time spent in direct patient care.

Medical resources: Chemotherapy, peptide-receptor ra-
dionuclide therapy (PRRT), SSA, and other pharmaceuti-
cal therapies including targeted therapies; as well as study-
physician and other physician visits, hospitalizations, 
surgical procedures such as radiofrequency ablation, 
microwave ablation, cryoablation, radiotherapy, hepatic 
arterial embolization, and transplant; Biomarker tests 
including neuron specific enolase, chromogranin A, pan-
creatic polypeptide, neurotensin, plasma serotonin, vaso-
active intestinal polypeptide, Ghrelin, human chorionic 
gonadotropin, Ki-67, 5-hydroxyndoleacetic acid, plasma 
substance P, total and free T4; other lab tests including 
CBC, BUN, serum glucose, Darkfield microscopy, serum 
creatinine, and lipid profile; and imaging test including 
ultrasounds, computed tomography (CT) scans, helical 
scans, and others. 

Statistical analysis
Proportions and frequencies (for dichotomous) as well 
as means and medians (for count outcomes) were as-
sessed for the study resource use categories (listed above) 
were compared according to NET progression stage and 
tumor site. Resources were assessed for any progression 
and any time. Any progression was measured at an event 
level, where first progression and second progression 
were considered as separate events. Thus, it included 
both first progression and second progression resource-
use information, which may have resulted in multiple 

events per patient. For any progression, utilization rates 
were reported as a proportion of  patients per event for 
each specific resource. Any time included resources used 
at least once during baseline, first progression, or second 
progression. A given patient is counted only once if  a 
particular resource is received in two or more time peri-
ods. Practice patterns for any time were analyzed as the 
proportion of  patients utilizing each resource.

Post-hoc statistical analysis
Multivariable models were conducted to compare re-
source use across disease progression stages. As the study 
was not powered to ascertain statistically significant dif-
ferences, these analyses were considered secondary. Some 
patients did not have baseline or first progression data 
(Measures), and repeated measurement of  outcomes over 
tumor stage progression produced correlated outcomes. 
Therefore generalized estimating equations (GEE) were 
employed. GEE are generalized linear models which 
estimate the average response over the population, as 
opposed to predicting responses for individuals. Utiliz-
ing such an approach, models were computed for binary 
(yes/no) outcomes assuming a binomial distribution. For 
count outcomes a Poisson distribution was assumed. All 
models adjusted for the following covariates: primary 
NET location, age, country, physician specialty, tumor 
histology, ECOG performance status, and patient follow-
up time. It should be noted that the resource use category 
study physician visits was assessed as a binary outcome 
(i.e., did a patient have ≥ 1 visit or not); however, due 
to the issue of  convergence, a Poisson distribution was 
assumed for this variable rather than a binomial distribu-
tion. A Bonferroni correction on P value was calculated 
to determine an appropriate alpha value for the statistical 
significance threshold (0.05/9 = 0.0055). 

RESULTS
Patient and physician characteristics 
Out of  the total sample of  physicians (n = 55), 13% (n 
= 7) primarily practiced medical oncology, 29% (n = 16) 
hematology/oncology, 29% (n = 16) gastroenterology, 
and 29% (n = 16) endocrinology. The physician sample 
showed a relatively even distribution for those affiliated 
with academic versus community hospitals (46% vs 55%). 
Each physician reported data on 2 patients (n = 110 to-
tal). Baseline data were not available for 6 United States 
patients because their date of  diagnosis of  advanced 
NET and first progression were the same; however, 61 
patients had at least initial progression.

Forty (36.3%) patients were reported to have pNET, 
while 70 (63.6%) patients had GI/Lung as the primary 
NET site (GI/Lung NET). The mean duration of  base-
line period was found to be 14.0 mo for pNET, 13.3 
mo for GI/Lung, and 13.6 mo for both tumor types. 
The mean duration of  initial progression was 5.7 mo for 
pNET, 7.9 mo for GI/Lung, and 7.1 mo for both tumor 
types. Sixty three (57.3%) patients had well differentiated 
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Figure 1  Advanced neuroendocrine tumor patient study timeline. Second 
progression period resource utilization data was derived from physician projec-
tions. NET: Neuroendocrine tumor.
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between the two groups: SSA (80.0% vs 77.1%), targeted 
therapy (5.0% vs 7.1%), hospitalization (55.0% vs 57.1%), 
helical scans (37.5% vs 38.6%), other imaging tests (57.5% 
vs 58.6%), and biomarker tests (65.0% vs 67.1%; Table 1).

Resource utilization by progression state and by tu-
mor site is summarized in Table 2. First, chemotherapy 
utilization followed markedly different patterns between 
pNET and GI/Lung NET patients. No chemotherapy 
use was observed among pNET patients at baseline; 
however, it increased to greater than 26.7% during pro-
gression. Doxorubicin, streptozocin, and temozolomide 
were the most frequently used chemotherapies. Among 
GI/Lung NET patients chemotherapy use gradually in-
creased from baseline to second progression; cisplatin, 
5-fluorouracil, etoposide and doxorubicin being the most 
frequently used chemotherapies. Second, targeted thera-
pies were not widely used among pNET patients (2.8% 
at baseline; 1.7% during progression). GI/Lung NET 
patients showed marginally higher use of  targeted thera-
pies, with increased utilization during second progression 
(5.7%) over baseline (2.9%) and initial progression (2.4%). 
Third, PRRT was not utilized among pNET patients; 
however, a small number of  GI/Lung NET patients 
received PRRT (4.4% during baseline, 4.5% during pro-
gression).

Similar SSA use was observed among both pNET and 
GI/Lung NET patients. At baseline 63.5% of  all NET 
patients received SSA. Utilization at first progression 
was marginally lower (62.3%), while second progression 
utilization decreased to 40.9%, with an average of  48.5% 
at any progression. The proportion of  patients who were 
hospitalized increased between baseline and any pro-
gression periods (32.7%-42.1% overall). Proportions of  
patients utilizing CT Scans increased upon progression. 
Ultrasound, biomarker, laboratory tests and other imag-
ing decreased upon progression. Lastly, surgeries were 
performed at similar proportions overall at baseline and 
progression. pNET patients, however, were more likely 
than GI/Lung NET patients to have undergone surgery 
during the baseline (33.3% vs 25.0%) and any progression 
periods (26.7% vs 23.4%). 

Post-hoc statistical results across tumor progression 
stages 
Patients in first progression were observed to be over 3 
times more likely to receive chemotherapy when compared 
to baseline (odds ratio: 3.31; 95%CI: 1.46-7.48; Table 3). 
Patients in first progression were also more likely to have 
a study physician visit [relative risk (RR): 1.54; 95%CI: 
1.10-2.17], as well as an increased frequency of  other phy-
sician visits (RR: 1.84; 95%CI: 1.10-3.10; Table 4).

DISCUSSION
The aim of  this study was to assess the resource utiliza-
tion and treatment patterns of  NET by tumor progres-
sion stage and by tumor site. The results suggest that 
there is significant resource utilization associated with 

tumor histology, while 47 (42.7%) patients had mod-
erately differentiated tumors. Furthermore, 63 (57.3%) 
patients were found to have symptoms and 47 (42.7%) 
showed no symptoms. ECOG Performance varied as 
follows: 44 (40.0%) patients showed a score of  0-1, 24 
showed a score of  2, 12 showed a score of  3, 5 showed a 
score of  4, and 25 patients had no recorded score.

Resource utilization and practice patterns
Resource utilization at any time and across all NET sub-
types shows SSAs to be the treatment used in the highest 
proportion of  patients (78.2%), followed by surgery and 
chemotherapy (used in 45.5% and 38.2% of  patients, 
respectively). Any time resource utilization also indicates 
high proportions of  patients undergoing hospitalization 
(56.4%) as well as diagnostics such as CT scans (71.8%), 
biomarkers (66.4%) and other lab tests (63.6%). pNET 
patients were proportionately less likely than GI/Lung 
NET patients to receive chemotherapy (30.0% vs 42.9%), 
CT scans (65.0% vs 75.7%), and PRRT (0.0% vs 8.6%). 
pNET patients were more likely to have received ul-
trasound (50.0% vs 31.4%) and other laboratory tests 
(72.5% vs 58.6%), and to have undergone surgery (50.0% 
vs 42.9%), when compared to GI/Lung NET patients. 
Utilization of  other resources were found to be similar 

  All NET 
(n  = 110)

GI/lung NET 
(n  = 70)

pNET 
(n  = 40)

  Treatments 
     Surgery   50 (45.45) 30 (42.86) 20 (50.00)
     Chemotherapy2   42 (38.18) 30 (42.86) 12 (30.00)
     PRRT   6 (5.45) 6 (8.57) 0 (0.00)
     Somatostatin   86 (78.18) 54 (77.14) 32 (80.00)
     Targeted therapy3   7 (6.36) 5 (7.14) 2 (5.00)
  Resources 
     Hospitalizations   62 (56.36) 40 (57.14) 22 (55.00)
     Ultrasounds   42 (38.18) 22 (31.43) 20 (50.00)
     CT scans   79 (71.82) 53 (75.71) 26 (65.00)
     Helical scans   42 (38.18) 27 (38.57) 15 (37.50)
     Other imaging tests4   64 (58.18) 41 (58.57) 23 (57.50)
     Bio marker5   73 (66.36) 47 (67.14) 26 (65.00)
     Other lab tests6   70 (63.64) 41 (58.57) 29 (72.50)
     Physician visit 109 (99.09)   40 (100.00) 69 (98.57)

Table 1  Any time resource utilization by neuroendocrine 
tumor type1  n  (%)

1A patient was counted (once) if that individual utilized a resource 
at any stage of their disease; 2Chemotherapy includes 5-fluorouracil, 
actinomycin-D, capecitabine, carboplatin, cisplatin, cyclophosphamide, 
dacarbazine, doxorubicin, etoposide, gemcitabine, irinotecan, mitotane, 
oxaliplatin, streptozocin, temozolomide and vincristine; 3Targeted therapy 
includes everolimus, sunitinib, imatinib, and bevacizumab; the data collec-
tion form captured these therapies under the heading “other treatments”; 
4Other imaging includes positron emission tomography, stereotactic 
radiosurgery, metaiobenzylguanidine, magnetic resonance imaging, and 
chest X-ray; 5Biomarkers include neurotensin, chromogranin A, pancreatic 
polypeptide, neurotensin, plasma serotonin, vasoactive intestinal polypep-
tide, ghrelin, human chorionic gonadotropin, Ki-67, 5-hydroxyndoleacetic 
acid, plasma substance P, total and free T4; 6Other lab tests include serum 
glucose, complete blood count, blood urea nitrogen, serum creatinine, and 
lipid profile were captured. PRRT: Peptide-receptor radionuclide therapy; 
NET: Neuroendocrine tumor; pNET: Pancreatic NET; GI: Gastrointestinal 
tract; CT: Computed tomography.
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United States NET patients regardless of  tumor site, 
particularly with respect to hospitalizations, surgeries, im-
aging and lab tests, chemotherapy, and SSA (Table 1). As 
may be expected, disease progression is associated with 
a decrease in utilization rates for certain diagnostics in-
cluding ultrasound, biomarker, laboratory tests and other 
imaging. However, disease progression is associated with 
an increase in other resources, such as other (non-study) 
physician visits, hospitalizations, chemotherapy, and CT 
scans (Table 2). In keeping with these results, the multi-
variate analysis demonstrates that NET patients are more 
likely to receive chemotherapy and visit physicians when 

disease progresses.
While overall resource utilization increases with dis-

ease progression irrespective of  tumor site, there were 
variations in practice patterns depending on whether 
patients had GI/Lung or pNET. For instance, pNET pa-
tients were found to be less likely than GI/Lung patients 
to be administered targeted, chemo-, or peptide-receptor 
radionuclide therapies, and more likely to have under-
gone surgical procedures than the GI/Lung patients. 
Although the heterogeneous nature of  NET makes 
inferences about whether physicians treated patients ac-
cording to current guidelines difficult, some comparisons 

  Baseline Any progression 

All NET GI/Lung pNET All NET GI/Lung pNET 

  Treatments 
     Chemotherapy1    17 (16.4)   17 (25.0)    0 (0.0)    46 (26.9)    30 (27.0)    16 (26.7)
     Targeted therapies2      3 (2.9)     2 (2.9)    1 (2.8)      6 (3.5)      5 (4.5)      1 (1.7)
     PRRT      3 (2.9)     3 (4.4)    0 (0.0)    39 (6.1)      5 (4.5)      0 (0.0)
     Somatostatin analogs    66 (63.5)   43 (63.2)  23 (63.9)    83 (48.5)    52 (46.9)    31 (51.7)
     Surgery    29 (27.9)   17 (25.0)  12 (33.3)    42 (24.6)    26 (23.4)    16 (26.7)
  Resources
     Hospitalizations    34 (32.7)   23 (33.8)  11 (30.6)    72 (42.1)    44 (39.6)    28 (46.7)
     Ultrasound    38 (36.5)   20 (29.4)  18 (50.0)    34 (19.9)    22 (19.8)    12 (20.0)
     CT scans (conventional)    62 (59.6)   43 (63.2)  19 (52.8)  109 (63.7)    72 (64.9)    37 (61.8)
     CT scans (helical or spiral)    23 (22.1)   15 (22.1)    8 (22.2)    51 (29.8)    33 (29.7)    18 (30.0)
     Other imaging3    51 (49.0)   31 (45.6)  20 (55.6)    52 (30.5)    33 (29.7)    19 (31.7)
     Biomarkers4    66 (63.4)   44 (64.7)  22 (61.1)    84 (49.1)    55 (49.6)    29 (48.3)
     Lab tests5    61 (58.7)   36 (52.9)  25 (69.4)    84 (49.1)    50 (45.1)    34 (56.7)
     Study physician visit  102 (98.08)   66 (97.06)  36 (100.00)  165 (96.49)  107 (96.40)    58 (96.67)
     Other physician visit    77 (74.04)   50 (73.53)  27 (75.00)  143 (83.62)    92 (82.88)    51 (85.00)

Table 2  Resource utilization by progression state  n  (%)

1Chemotherapy includes 5-fluorouracil, actinomycin-D, capecitabine, carboplatin, cisplatin, cyclophos-
phamide, dacarbazine, doxorubicin, etoposide, gemcitabine, irinotecan, mitotane, oxaliplatin, strepto-
zocin, temozolomide and vincristine; 2Targeted Therapy includes everolimus, sunitinib, imatinib, and 
bevacizumab; the data collection form captured these therapies under the heading “other treatments”; 
3Other imaging includes positron emission tomography, stereotactic radiosurgery, metaiobenzylgua-
nidine, magnetic resonance imaging, and chest X-ray; 4Biomarkers include neurotensin, chromogranin 
A, pancreatic polypeptide, neurotensin, plasma serotonin, vasoactive intestinal polypeptide, ghrelin, 
human chorionic gonadotropin, Ki-67, 5-hydroxyndoleacetic acid, plasma substance P, total and free T4; 
5Other lab tests include serum glucose, complete blood count, blood urea nitrogen, serum creatinine, and 
lipid profile were captured. PRRT: Peptide-receptor radionuclide therapy; NET: Neuroendocrine tumor; 
pNET: Pancreatic NET; GI: Gastrointestinal tract; CT: Computed tomography.

  Resource1 Beta Odds 95%CI P  

estimate ratio Lower bound Upper bound value
  Chemotherapy 1.1962 3.3074 1.4625 7.4795 0.00412

  Somatostatin 
  analogs

0.5298 1.6986 0.8038 3.5892 0.1652

  Surgery 0.4551 1.5763 0.7632 3.2556 0.2188
  Hospitalization 0.3227 1.3808 0.6920 2.7550 0.3599
  Other physician 
  visit 

0.7336 2.0826 0.9185 4.7221 0.0790

Table 3  Multivariate analysis for resource use prevalence 
among patients at first progression vs  baseline1

1Generalized estimating equations model (assuming binomial distribu-
tion and unstructured covariance structure) while controlling for primary 
neuroendocrine tumor location, age, Eastern Cooperative Oncology Group 
status, tumor histology, physician specialty and follow-up time; 2Value 
denotes statistical significance. 

  Resource Beta Rate 95%CI P   

estimate ratio Lower bound Upper bound value

  Study physician 
  visit1 

 0.4346 1.5444 1.1014 2.1656 0.0117

  Hospitalizations2 -0.0617 0.9402 0.2648 3.3379 0.9240
  Study physician 
  visits2 

 0.1321 1.1412 0.8330 1.5635 0.4108

  Other physician 
  visits2 

 0.6116 1.8433 1.0961 3.0999 0.0211

Table 4  Multivariate analysis for patient hospitalization and 
physician visit frequency at first progression vs  baseline

1Generalized estimating equations model (assuming binomial distribu-
tion and unstructured covariance structure) while controlling for primary 
neuroendocrine tumor location, age, Eastern Cooperative Oncology Group 
status, tumor histology, physician specialty and follow-up time; 2Value 
denotes statistical significance. 
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can be made with caution[5,6]. The high utilization of  
surgical procedures and SSA observed here is consistent 
with NCCN guidelines[5]. It is possible that utilization of  
targeted therapies (everolimus and sunitinib) in pNET 
was low because of  their novelty, limited availability, and 
restricted reimbursement by managed care organizations 
during the patient data collection time period (December 
2010-January 2011). Furthermore, recent clinical trial data 
supporting the use of  these therapies were not available 
when the study was conducted[9,10]. Inferences regarding 
the observed differences in utilization of  targeted and 
PRRT therapies between pNET and GI/Lung types are 
inconclusive.

The low use of  targeted therapies overall should be 
considered more closely. Recent clinical trial data sug-
gest sunitinib and everolimus improve progression-
free survival by 6-7 mo compared to placebo plus best 
supportive care[9-11]. While more research is necessary 
to elucidate differences in adverse event reporting (and 
quality of  life more generally) between patients receiving 
chemotherapy versus targeted agents, these trials suggest 
that targeted therapies are associated with relatively low 
rates of  adverse events, and may be more tolerable than 
chemotherapy[9,11].

 Rates of  chemotherapy use are higher than one 
might expect (42.86% in GI/Lung NET and 30.00% in 
pNET); especially given that chemotherapy is approved 
only in well- to moderately-differentiated pNET. While 
the reasons for these relatively high rates cannot be 
known for certain, it is possible that physicians are using 
chemotherapy regimens off-label, as a result of  having 
few alternative treatments available for the advanced GI/
Lung and pancreatic NET populations.

Interestingly, we found similar baseline durations for 
GI/Lung and pNET types; with marginally shorter first 
progression duration in pNET (secondary progression 
duration could not be ascertained). As pNET has been re-
ported to have a more aggressive disease course[1], caution 
should be taken in interpreting these results. It is plausible 
that the operational definition of  disease progression in 
the current study is not sensitive to changes in the tumor 
pathology which lead to the mean differences in survival 
and progression, generally observed elsewhere[1].

In comparison to results from a global analysis[7], 
this United States-specific sub-analysis shows several 
differences in resource utilization and practice patterns. 
Specifically, cross-sectional resource utilization is lower in 
the United States for certain categories including chemo-
therapy, PRRT, and notably hospitalizations. Multivariate 
analyses are in line with those from the global analysis, 
showing an increase in chemotherapy and physician visits 
associated with progression. However, while the global 
analysis also showed an increase in SSA use with progres-
sion, the United States sub-analysis data do not. 

Limitations
Due to possible selection bias and the exclusion criteria 
used to identify physicians for study eligibility, the sample 

of  participating physicians may differ from the general 
population of  physicians in ways that may differentially 
affect the study results. Some patients are missing base-
line data (n = 6), and for those patients with initial pro-
gression data but not secondary progression data, hypo-
thetical resource use projections were made by the study 
physicians. Because of  the cross-sectional nature of  the 
study, recall bias may have affected the observed results. 
Additionally, the self-reported nature of  the data limited 
the ability to assess the variety of  symptoms associated 
with NET clinical syndromes, ancillary treatments used 
to palliate hormonal symptoms. Targeted therapy utiliza-
tion was likely under-reported due to the structure of  
the data collection form, which relied on open-ended re-
sponses for this treatment category. As noted above, the 
study findings show high rates of  chemotherapy usage. 
While the reported results may represent off-label usage, 
it is also possible that patients with poorly-differentiated 
NET were included, as etoposide- and cisplatin- based 
regimens are approved in this indication.

Overall study results confirm that advanced NET in 
the United States is associated with significant resource 
use regardless of  tumor site. Resource utilization fol-
lows a consistent pattern across NET tumor types as the 
disease progresses, suggesting progression has an impact 
on resource utilization regardless of  tumor site. Targeted 
therapy use (everolimus and sunitinib) was reported to 
be relatively low compared to other treatments, likely due 
to pending regulatory approval at the time of  the study. 
However, with the regulatory approvals in place, targeted 
therapy use is expected to increase in the future. Further 
research involving larger patient populations is warranted 
to fully depict the nature of  NET resource utilization and 
related treatment patterns and to define the real world 
economic impact of  NET disease progression. 
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Neuroendocrine tumors (NET) are a group of diverse neoplasms, commonly 
originating in the gastrointestinal tract, lungs, and pancreas. The prevalence of 
NET is estimated to be 35.0 per 100000 in the United States.
Research frontiers
While guidelines to aid treatment decisions have been published, little is known 
about how disease progression and tumor type influence NET treatment deci-
sions among United States physicians in a real-world setting.
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This study assessed the resource utilization and treatment patterns of NET by 
tumor progression stage and by tumor site. Overall study results confirm that 
advanced NET in the United States is associated with significant resource use 
regardless of tumor site.
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Further research involving larger patient populations is warranted to fully depict 
the nature of NET resource utilization and related treatment patterns and to 
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define the real world economic impact of NET disease progression.
Terminology
Resource categories used in the resource utilization analysis include: Treat-
ments (e.g., surgery, chemotherapy, radiotherapy, targeted therapies), hospital-
izations and physician visits, diagnostic tests (biomarkers, imaging, laboratory 
tests).
Peer review
This is a well-written article summarizing resource utilization of treatments for 
neuroendocrine tumors in the United States based on anonymous physician 
surveys. While such a study is inherently subject to recall bias, the manuscript 
lists this potential pitfall in the discussion section.
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