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ABSTRACT

Background. How to best support patients with neuroendo-
crine tumors (NETs) remains unclear. Improving quality of
care requires an understanding of symptom trajectories.
Objective validated assessments of symptoms burden over
the course of disease are lacking. This study examined pat-
terns and risk factors of symptom burden in NETs, using
patient-reported outcomes.
Subjects, Materials, and Methods. A retrospective, popula-
tion-based, observational cohort study of patients with NETs
diagnosed from 2004 to 2015, who survived at least 1 year,
was conducted. Prospectively collected patient-reported
Edmonton Symptom Assessment System scores were linked
to provincial administrative health data sets. Moderate-to-
severe symptom scores were presented graphically for both
the 1st year and 5 years following diagnosis. Multivariable
Poisson regression identified factors associated with record
of moderate-to-severe symptom scores during the 1st year
after diagnosis.
Results. Among 2,721 included patients, 7,719 symptom
assessments were recorded over 5 years following diagnosis.

Moderate-to-severe scores were most frequent for tiredness
(40%–51%), well-being (37%–49%), and anxiety (30%–40%).
The proportion of moderate-to-severe symptoms was stable
over time. Proportion of moderate-to-severe anxiety decreased
by 10% within 6 months of diagnosis, followed by stability
thereafter. Changes were below 5% for other symptoms. Sim-
ilar patterns were observed for the 1st year after diagnosis.
Primary tumor site, metastatic disease, younger age, higher
comorbidity burden, lower socioeconomic status, and receipt
of therapy within 30 days of assessment were independently
associated with higher risk of elevated symptom burden.
Conclusion. Patients with NETs have a high prevalence of
moderate-to-severe patient-reported symptoms, with little
change over time. Patients remain at risk of prolonged symp-
tom burden following diagnosis, highlighting potential unmet
needs. Combined with identified patient and disease factors
associated with moderate-to-severe symptom scores, this
information is important to support symptom management
strategies to improve patient-centered care. The Oncologist
2019;24:1384–1394

Implications for Practice: This study used population-level, prospectively collected, validated, patient-reported outcome mea-
sures to appraise the symptoms burden and trajectory of patients with neuroendocrine tumors (NETs) after diagnosis. It is the
largest and most detailed analysis of patient-reported symptoms for NETs. Patients with NETs present a high burden of symp-
toms at diagnosis that persists up to 5 years later, highlighting unmet needs. Early and comprehensive symptom screening and
management programs are needed. This information should serve to devise pathways and policies to better support patients,
evaluate supportive interventions, and assess the effectiveness of symptom management at the provider, institutional, and
system levels.
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INTRODUCTION

A significant increase in the incidence of neuroendocrine
tumors (NETs) has been reported worldwide [1–3]. Because
of prolonged survival with active disease, NETs prevalence
now surpasses the combined prevalence of pancreatic, eso-
phageal, and gastric cancers [2–4]. Lack of awareness, non-
standardized therapy, and a paucity of specialized care teams
have resulted in patients expressing difficulty finding disease-
specific support [5].

NETs represent a unique burden to the health care sys-
tem by combining long survival and potentially debilitating
systemic symptoms from hormonal secretion [6]. Symptom
tracking and ongoing supportive care are a challenge in
NETs care. Validated assessments of NETs symptom burden
remain very limited even though they are particularly cru-
cial for this chronic cancer [7]. Therefore, a comprehensive
analysis of patterns and risk factors for high symptoms bur-
den in NETs is warranted to provide information on how to
screen for symptoms and support patients.

The increased use of patient-reported outcomes (PROs) in
clinical practice and research outlines the importance of under-
standing and addressing quality of life in patients with cancer
[8]. In 2007, systematic collection of the Edmonton Symptom
Assessment System (ESAS) scores during cancer outpatient
visits was initiated in ON, Canada [9]. ESAS is a validated and
reliable tool that assesses nine common cancer-related symp-
toms [10–12]. Using these longitudinal prospectively collected
PROs at the population level, this study sought to examine
symptom trajectories over time and factors associated with
reporting a high symptom burden in patients with NETs.

SUBJECTS, MATERIALS, AND METHODS

Study Design and Cohort
A population-based, retrospective cohort study was conducted
using prospectively collected PRO data in patients newly diag-
nosed with NET in ON, Canada. Incident cases of NET were
identified in the Ontario Cancer Registry (OCR), which captures
approximately 95% of patients diagnosed with cancer in ON,
using the International Classification of Diseases for Oncology
(ICD-O.3) codes (supplemental online Table 1) [3]. Patients
>18 years of age diagnosed between 2004 and 2015 who
reported at least one ESAS score from date of diagnosis to the
date of last follow-up (date of death, date of last encounter, or
December 31, 2016) and survived at least 12 months after
diagnosis were included. Patients were excluded if they were
older than 99 years of age, had another cancer diagnosis, or
had a date of death recorded prior to the date of diagnosis.
Characteristics of patients who did and did not receive ESAS
symptoms screening were compared in order to appreciate
generalizability of the findings (supplemental online Table 2).

Sunnybrook Health Sciences Centre Research Ethics Board
approved the study and provided a waiver for informed con-
sent. The study was conducted and reported following the
RECORD statement [13].

Data Sources
PROs were abstracted from the Symptom Management
Reporting Database, which includes ESAS scores recorded

during outpatient visits to cancer clinics [14, 15]. Monitor-
ing of ESAS scores was initiated in 2007 for patients visiting
regional cancer centers. Considering the prolonged survival
of NETs, NETs diagnoses were included starting in 2004, to
capture patients with earlier diagnoses who were alive with
disease when ESAS screening was implemented [3].

Additional data were obtained from the following data
sets: the Registered Persons Database for vital status and
demographics, the Discharge Abstract Database for diagnos-
tic and discharge information for hospital admissions, the
National Ambulatory Care Reporting System for outpatient
visits, and the Ontario Health Insurance Plan Database for
claims from health care providers. These data sets have
been validated for various cohorts [16].

Outcomes
The primary outcome was patient-reported moderate-to-
severe symptom intensity defined using ESAS scores. ESAS is a
PRO assessing the severity of nine common cancer-associated
symptoms: pain, tiredness, drowsiness, nausea, lack of appe-
tite, shortness of breath, depression, anxiety, and overall well-
being. Its validity and reliability have been demonstrated in
cancer populations [10, 11]. ESAS scores are collected at outpa-
tient visits using a numeric scale ranging from 0 (no symptoms)
to 10 (worst possible symptoms; supplemental online Fig. 1).

We defined moderate-to-severe symptoms as a score ≥4
[14, 17, 18]. All timeframes of interest were measured from
the date of NET diagnosis. If more than one symptom score
was reported in a given timeframe, the highest score was
retained. Data were captured from date of diagnosis to date
of last follow-up, thereby allowing a minimum of 12 months
to contribute data for all patients.

Covariates
Baseline characteristics were measured at NET diagnosis.
Urban living was determined with postal code of residence
in an urban area based on national census definition [19].
Socioeconomic status (SES) was assessed with an ecologic
measure of income quintile [20]. Baseline comorbidity bur-
den was measured using the Johns Hopkins Adjusted Clini-
cal Groups system score based on health services use prior
to NET diagnosis [21]. The total score was dichotomized
with a cutoff of 10 for high comorbidity burden [21].

NETs were subdivided by primary tumor site as bron-
chopulmonary, gastroenteric, pancreatic, and others. Meta-
static disease was defined using ICD-O.3 codes and divided
into synchronous (≤6 months from NET diagnosis) and
metachronous metastases (>6 months after NET diagnosis;
supplemental online Table 1).

Statistical Analysis
Descriptive analyses were used to define baseline charac-
teristics and outcomes. Variables were reported as absolute
number (n) and proportion (%). Comparisons were made
between primary tumor sites using chi-square tests.

ESAS scores were reported as the proportion of
moderate-to-severe scores for each symptom plotted to
describe the symptoms burden pattern over time. A first
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analysis looked at moderate-to-severe symptoms from NET
diagnosis to the end of follow-up, with scores reported by
6-month intervals. Considering the long time frame for NET
diagnosis in the cohort, and the potential for contributing
the first ESAS score at different times, a subgroup analysis
was conducted on patients with at least one ESAS score
within 6 months following diagnosis. This assessed whether
the observed trends were affected by patients contributing
their first ESAS scores remotely from diagnosis.

A second analysis focused on the time from diagnosis to
12 months following diagnosis, with scores reported monthly.
This was a more homogeneous cohort and allowed for a
targeted assessment for potential patient support (more
patients had the opportunity to contribute data such that
higher numbers of scores were available).

Possible predictors of moderate-to-severe scores were
examined. The examined factors were identified a priori as
potentially associated with symptoms. Symptoms from NET
diagnosis to 12 months following diagnosis were considered
as outcomes. Univariate and multivariate modified Poisson
regression models with robust error variance were created.
Generalized estimating equations were used to account
for clustering within patients. Therapy was treated as a

Figure 1. Flow diagram of cohort creation.
Abbreviations: ESAS, Edmonton Symptom Assessment System;
ICD-O, International Classification of Diseases for Oncology;
NET, neuroendocrine tumor.

Table 1. Characteristics of patients diagnosed with NET and surviving at least 12 months who reported at least one ESAS
score, stratified by primary tumor site

Variable
All NETs
(n = 2,721)

Gastroenteric
(n = 1,269)

Pancreatic
(n = 522)

Bronchopulmonary
(n = 585)

Others
(n = 345) p valuea

Age, years 18–29 90 (3.3) 56 (4.4) 10 (1.9) 16 (2.7) 8 (2.3) <.001

30–39 183 (6.7) 80 (6.3) 44 (8.4) 28 (4.8) 31 (9.0)

40–49 378 (13.9) 198 (15.6) 87 (16.7) 46 (7.9) 47 (13.6)

50–59 668 (24.5) 332 (26.2) 150 (28.7) 126 (21.5) 60 (17.4)

60–69 761 (28.0) 335 (26.4) 149 (28.5) 185 (31.6) 92 (26.7)

70–79 462 (17.0) 194 (15.3) 66 (12.6) 137 (23.4) 65 (18.8)

80–99 179 (6.6) 74 (5.8) 16 (3.1) 47 (8.0) 41 (12.1)

Female sex 1,417 (52.1) 635 (50.0) 240 (46.0) 351 (60.0) 191 (55.4) <.001

Diagnosis
time period

Before 2010 718 (26.4) 319 (25.1) 130 (24.9) 157 (26.8) 112 (32.5) .041

After 2010 2,003 (73.6) 950 (74.9) 392 (75.1) 428 (73.2) 233 (67.5)

Urban residence 2,457 (90.3) 1,141 (89.9) 488 (93.5) 519 (88.7) 309 (89.6) .12

Socioeconomic
status, quintile

1st (lowest) 498 (18.3) 220 (17.4) 82 (15.9) 114 (19.6) 79 (22.9) .026

2nd 489 (18.0) 220 (17.3) 96 (18.4) 108 (18.5) 65 (18.8)

3rd 527 (19.4) 244 (19.2) 95 (18.2) 108 (18.5) 80 (23.2)

4th 608 (22.3) 311 (24.5) 112 (21.5) 127 (21.7) 58 (16.8)

5th (highest) 599 (22.0) 273 (21.5) 136 (26.1) 127 (21.7) 63 (18.3)

High comorbidity
burden (ACG ≥10)

665 (24.4) 288 (22.7) 132 (25.3) 165 (28.2) 80 (23.2) .048

Metastatic status None 1,244 (45.7) 568 (44.8) 261 (50.0) 292 (49.9) 123 (35.7) <.001

Synchronous 1,089 (40.0) 553 (43.6) 165 (31.6) 213 (36.4) 158 (45.8)

Metachronous 388 (14.3) 148 (11.7) 96 (18.4) 80 (13.7) 64 (18.6)

Therapy Surgery 1,574 (57.8) 946 (74.5) 300 (57.5) 274 (46.8) 54 (15.7) <.001

Liver embolization 276 (10.1) 149 (11.7) 58 (11.1) 29 (5.0) 40 (11.6) <.001

Chemotherapy 967 (35.5) 340 (26.8) 194 (37.2) 255 (43.6) 178 (51.6) <.001

Radiation therapy 501 (18.4) 82 (6.5) 59 (11.3) 229 (39.1) 131 (38.0) <.001

Values are n (%) reporting column percentages, or median (interquartile range).
aComparison between primary tumor site groups, using chi-square test.
Abbreviations: ACG, aggregated clinical groups; ESAS, Edmonton Symptom Assessment System; NET, neuroendocrine tumor.
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time-dependent variable, whereby ESAS scores within 30
days following the therapy were examined. The results are
reported as relative risk with 95% confidence interval (95%
confidence interval) for each ESAS symptom score.

RESULTS

A total of 2,721 patients were included (Fig. 1). Patient
characteristics are detailed in Table 1. A total of 7,719 ESAS

assessments were included. On average, each patient con-
tributed 7.8 scores (SD: 9.3).

ESAS Screening
Patients who recorded and did not record ESAS scores were
compared (supplemental online Table 2). The year of diagno-
sis was the main factor determining ESAS screening, which
corresponds to the gradual phase-in of the program. Patients
diagnosed with pancreatic NETs (69.2%) and with metastasis

Figure 2. Proportion of patients with neuroendocrine tumors reporting moderate-to-severe (≥4) symptoms on the ESAS score from
diagnosis to 5 years following diagnosis. (A): Anxiety, depression, tiredness, and well-being. (B): Drowsiness, lack of appetite, nau-
sea, pain, and shortness of breath. Trendlines do not represent continuous data but are included to facilitate the visualization of
trends over time by symptom.
Abbreviation: ESAS, Edmonton Symptom Assessment System.
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at presentation (58.0%) or following diagnosis (77.3%) more
commonly recorded ESAS scores.

Patterns of Moderate-to-Severe Symptoms
The proportion of patients recording moderate-to-severe
symptoms over the 5 years following NET diagnosis is depicted
in Figure 2. During this period, half the patients reported at
least one moderate-to-severe score for tiredness and overall
well-being, and two out of five patients recorded at least one
moderate-to-severe score for anxiety. Nausea and shortness
of breath had the lowest incidence of elevated scores. The

highest burden of symptoms was observed in patients with
bronchopulmonary NETs, followed by pancreatic and gastro-
enteric NETs (Fig. 3; supplemental online Fig. 2).

There was little change over time in the proportion of
patients reporting moderate-to-severe symptoms (Fig. 2).
The prevalence of moderate-to-severe anxiety was higher at
the time of diagnosis, dropped by 10% at 6 months, and was
stable thereafter. After an initial mild reduction between
time of diagnosis to 6 months following diagnosis, the pro-
portion of moderate-to-severe tiredness and overall well-
being stabilized at 40% or above. The proportion of elevated
scores for other symptoms remained stable over time, with

Figure 3. (Continued on next page).
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less than 5% change. The subgroup analysis did not alter the
observed trends (supplemental online Fig. 3).

Patterns similar to the 5-year time frame were observed
for symptoms within 12 months of diagnosis (Fig. 4), with a
mild reduction in the proportion of high scores noticed at
6 months.

Predictors of Moderate-to-Severe Symptoms Scores
There were significant variations in the risk of reporting
moderate-to-severe symptoms scores based on patient and
tumor characteristics (Table 2). Patients with gastroenteric NETs
had a lower risk of reporting elevated scores compared with

patients with bronchopulmonary NETs. Both synchronous and
metachronous metastatic disease were independently associ-
ated with a higher risk of recordingmoderate-to-severe scores.

Older patients presented a lower risk of anxiety, nausea,
and overall well-being. Lower SES (1st quintile) was associ-
ated with increased risk of anxiety, depression, drowsiness,
pain, shortness of breath, and tiredness compared with the
highest quintile. Finally, patients with a high comorbidity
burden had an increased risk for all symptoms.

Patients who received therapy within 30 days of symptom
screening were at higher risk of reporting elevated scores
immediately following treatment: nausea, lack of appetite,

Figure 3. Proportion of patients with neuroendocrine tumors reporting moderate-to-severe (≥4) symptoms on the ESAS score, strat-
ified by primary tumor site. (A): Anxiety. (B): Depression. (C): Tiredness. (D): Overall well-being. Trendlines do not represent contin-
uous data but are included to facilitate the visualization of trends over time by symptom.
Abbreviation: ESAS, Edmonton Symptom Assessment System.
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drowsiness, tiredness, and overall well-being for chemotherapy;
nausea, lack of appetite, drowsiness, tiredness, and overall well-
being for radiation therapy; and lack of appetite, pain, shortness
of breath, tiredness, and overall well-being for surgery.

DISCUSSION

Description of the NET cancer journey is crucial to better under-
stand symptom patterns over time. This population-based

study of patient-reported symptoms indicated a high bur-
den of symptoms at the time of NET diagnosis that persists
up to 5 years later. Predominant symptoms included tired-
ness, impaired well-being, and anxiety, impacting 30%-45%
of patients long term.

PROs have previously been used to assess symptom tra-
jectories in common cancers [14, 15, 17]. This is the first
study providing insight into symptom burden for NETs using
population-based, validated, prospectively collected tools. It

Figure 4. Proportion of patients with neuroendocrine tumors reporting moderate-to-severe (≥4) symptoms on the ESAS score from diag-
nosis to 12 months following diagnosis. (A): Anxiety, depression, tiredness, and well-being. (B): Drowsiness, lack of appetite, nausea, pain,
and shortness of breath. Trendlines do not represent continuous data but are included to facilitate the visualization of trends over time
by symptom.
Abbreviation: ESAS, Edmonton Symptom Assessment System.
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fills a gap in the NETs literature regarding PROs. The symp-
toms most commonly scored moderate-to-severe are similar
to other types of cancers [14]. However, the symptom tra-
jectory in NETs differs: whereas the odds of high scores
decrease with each successive month from diagnosis time in
other cancers, the proportion of elevated scores for NETs
remains stable over 5 years following diagnosis. This testifies
to the unique nature and chronicity of NETs characterized
by indolent biology and outlines the need for supportive
care models tailored to the specific needs of NETs [3].

Studies assessing the symptom burden of NETs have
been limited to volunteered patient surveys and quality-of-
life questionnaires [22, 23]. The Global NET survey was led
by a patient advocacy group and relied on subjective non-
validated patient-reported surveys. Although it provided
interesting data regarding the patient experience, it was lim-
ited by recall bias and patterns of volunteered survey
answers [23]. Other work used quality-of-life questionnaires
to reveal worse quality-of-life scores in patients with NETs
compared with the general population [24–27]. However,
they were based on either volunteered participation through
patient organizations or the assessment of therapy in the set-
ting of a clinical trial, which limits generalizability. The current
analysis adds to the existing literature by providing a detailed
analysis of symptoms in a large population of patients with
NETs using validated and prospectively administered tools.

Beyond appreciating symptom trajectories, this use of PROs
offers actionable information.

In order to use this information to design patient support
strategies, patient and disease factors associated with the
report of moderate-to-severe scores were examined. The
association of younger age with higher symptom burden has
been reported in patients with cancer, albeit inconsistently
[14, 15, 28]. The impact of comorbidity burden on symptoms
is also common to other diseases [29, 30]. Higher risk of ele-
vated symptom scores in patients with lower SES may reflect
documented differences in health-seeking behaviors in this
population or variable access to care [31–33]. These differ-
ences in symptom burden as a result of nondisease factors
suggest a need for equity-based support in NETs. Finally, the
increased risk of moderate-to-severe symptom scores within
30 days of receiving therapy is consistent with documented
side effects and outlines the importance of mitigating toxicity
when sequencing therapy for patients with prolonged survival
and proactively following them closely [34].

Patients with NETs have previously reported difficulty
finding disease-specific support and lacking guidance in nav-
igating the diagnostic and prolonged care processes [5].
Although not specific to NETs, ESAS scores can be used to
screen for need of additional assessments and interven-
tions. Specialized multidisciplinary care models for NETs
should look beyond the provision of oncology care and

Table 2A. Multivariable analysis of the association between patient and tumor characteristics with moderate-to-severe (≥4)
symptoms on the ESAS score within 12 months of diagnosis for patients with NETs (anxiety, depression, drowsiness, lack of
appetite, and nausea)

Variable Value

Anxiety Depression Drowsiness Lack of appetite Nausea

Relative
risk 95% CI

Relative
risk 95% CI

Relative
risk 95% CI

Relative
risk 95% CI

Relative
risk 95% CI

Age, years;
Ref: 18–39

40–59 0.90 0.74–1.10 1.11 0.83–1.49 1.16 0.88–1.52 1.12 0.84–1.50 0.96 0.63–1.46

60–79 0.70 0.57–0.85 0.80 0.60–1.08 0.92 0.70–1.21 1.11 0.84–1.48 0.59 0.38–0.90

80–99 0.55 0.40–0.75 0.68 0.44–1.05 1.00 0.69–1.44 1.40 0.99–1.98 0.43 0.22–0.82

Female sex; Ref: Male 1.40 1.23–1.59 1.33 1.12–1.58 1.07 0.92–1.24 1.28 1.11–12.47 1.15 0.91–1.45

Diagnosis 2011–2015;
Ref: 2004–2010

0.83 0.70–0.98 0.88 0.69–1.12 0.87 0.71–1.07 0.71 0.60–0.84 0.92 0.66–1.29

Urban living; Ref: Rural 1.04 0.83–1.29 1.27 0.91–1.78 0.96 0.76–1.22 1.18 0.91–1.52 1.11 0.72–1.71

Socioeconomic status,
quintile; Ref: 5th
(highest)

1st (lowest) 1.28 1.06–1.55 1.31 1.01–1.70 1.34 1.07–1.68 1.23 0.99–1.53 1.38 0.96–2.00

2nd 1.15 0.95–1.40 1.18 0.90–1.55 1.31 1.04–1.65 1.25 1.00–1.56 1.21 0.82–1.78

3rd 1.13 0.93–1.36 1.13 0.87–1.46 0.99 0.78–1.24 1.11 0.89–1.38 1.24 0.87–1.77

4th 0.95 0.79–1.15 0.84 0.64–1.09 0.94 0.75–1.18 1.03 0.84–1.27 0.97 0.68–1.39

High comorbidity burden
(ACG score ≥10);
Ref: ACG score 0–9

1.29 1.13–1.48 1.64 1.37–1.95 1.39 1.19–1.63 1.38 1.20–1.60 1.84 1.44–2.35

Primary tumor site;
Ref:
Bronchopulmonary

Gastroenteric 0.99 0.83–1.17 0.86 0.68–1.08 0.81 0.67–0.99 0.81 0.67–0.98 0.99 0.71–1.37

Pancreatic 0.97 0.80–1.18 0.96 0.74–1.24 0.95 0.76–1.18 1.10 0.90–1.34 1.15 0.81–1.64

Others 0.98 0.80–1.21 0.99 0.74–1.31 0.81 0.63–1.05 1.03 0.83–1.29 1.12 0.77–1.64

Metastatic status; Ref:
None

Synchronous 1.12 0.98–1.29 1.01 0.84–1.22 1.22 1.04–1.44 1.24 1.05–1.45 1.11 0.85–1.45

Metachronous 1.43 1.20–1.71 1.30 1.01–1.66 1.23 0.99–1.53 1.56 1.28–1.88 1.47 1.06–2.00

Therapy (within 30
days prior to ESAS
score); Ref: No therapy

Radiation 0.99 0.79–1.23 1.17 0.92–1.50 1.34 1.08–1.66 1.41 1.14–1.75 2.22 1.60–3.07

Chemotherapy 0.97 0.86–1.10 1.01 0.86–1.19 1.34 1.17–1.54 1.28 1.10–1.49 1.53 1.20–1.95

Liver
embolization

1.26 0.64–2.48 1.36 0.79–2.34 1.01 0.54–1.91 1.81 1.26–2.61 1.34 0.45–4.03

Surgery 0.91 0.75–1.11 1.25 0.99–1.58 1.19 0.95–1.50 1.95 1.63–2.32 1.15 0.78–1.69

Bolded values represent statistically significant associations.
Abbreviations: ACG, aggregated clinical group; CI, confidence interval; ESAS, Edmonton Symptom Assessment System; NET, neuroendocrine
tumor; Ref, reference.
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include early involvement of allied health support and palli-
ative care for symptom management early in the course of
disease even though survival is prolonged and patients may
not be at the end of life. Such interventions could be devel-
oped to support patients flagged with high symptom bur-
den [35]. Future work should also focus on examining the
relationships between symptoms as well as the identifica-
tion of symptom clusters that may be related to need for
therapy or to prognosis. Such analyses fell beyond the
scope of the current work.

The main limitation of this study is the variation in rates
of patient-reported symptom screening in the population,
reflecting the implementation of the provincial program
whereby screening was initially focused on specialized cancer
clinics. It may impact generalizability of the results. The dis-
parities observed in ESAS screening are consistent with more
screenings occurring in cancer clinics, which may over-
estimate the symptom burden by selecting a population with
more complex diseases (supplemental online Table 2). Addi-
tionally, the use of PROs is associated with enhanced patient
engagement in their care and ensuing satisfaction, such that
the receipt of PRO screening itself may bias the results [8].
Another issue relates to the smaller number of patients avail-
able for analysis with increasing time for diagnosis, especially
when looking at subgroups. Therefore, changes in symptoms
patterns in the last months of follow-up may appear larger
but are less stable, such as increases observed in symptoms

for bronchopulmonary primary NETs. Finally, the heterogene-
ity of NETs is acknowledged; it was not possible to look at the
symptom scores stratified by tumor grade or stage because
this information was not available.

CONCLUSION

This study of longitudinally prospectively collected patient-
reported symptom scores outlines a high prevalence of
moderate-to-severe symptoms in patients with NETs, with no
change over time. It is unique in understanding the NET patient
experience and can serve to devise pathways and policies to
better support patients, evaluate supportive interventions, and
assess the effectiveness of symptom management at the pro-
vider, institutional, and system levels. Patients remain at risk of
prolonged symptom burden following diagnosis, highlighting
potential unmet needs. Patient and disease factors associated
with moderate-to-severe symptom scores have been described
to facilitate the design of patient support strategies. This infor-
mation can thus inform and support early and ongoing com-
prehensive symptom assessment and management warranted
to improve patient-centered care for NETs.
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Table 2B. Multivariable analysis of the association between patient and tumor characteristics with moderate-to-severe (≥4)
symptoms on the ESAS score within 12 months of diagnosis for patients with NETs (pain, shortness of breath, tiredness, and
overall well-being)

Variable Value

Pain Shortness of breath Tiredness Overall well-being

Relative
Risk 95% CI

Relative
Risk 95% CI

Relative
Risk 95% CI

Relative
Risk 95% CI

Age, years; Ref: 18–39 40–59 1.02 0.76–1.37 1.35 0.92–1.99 1.02 0.85–1.22 0.91 0.76–1.10

60–79 0.83 0.62–1.11 1.31 0.89–1.92 0.89 0.74–1.06 0.83 0.69–0.99

80–99 0.86 0.58–1.27 1.63 1.03–2.59 0.90 0.70–1.16 0.86 0.68–1.10

Female sex; Ref: Male 1.13 0.96–1.32 1.01 0.85–1.20 1.24 1.12–1.36 1.25 1.13–1.39

Diagnosis 2011–2015;
Ref: 2004–2010

0.85 0.67–1.07 0.83 0.65–1.06 0.86 0.76–0.99 0.98 0.84–1.13

Urban living; Ref: Rural 1.10 0.84–1.43 1.06 0.79–1.42 1.03 0.88–1.21 1.06 0.88–1.28

Socioeconomic status,
quintile; Ref: 5th
(highest)

1st (lowest) 1.42 1.10–1.83 1.41 1.08–1.85 1.41 1.20–1.65 1.10 0.94–1.29

2nd 1.40 1.08–1.81 1.40 1.07–1.83 1.30 1.11–1.53 1.12 0.95–1.31

3rd 1.19 0.93–1.53 1.05 0.79–1.39 1.23 1.05–1.44 0.99 0.84–1.15

4th 1.07 0.82–1.38 1.06 0.81–1.38 1.12 0.95–1.30 0.87 0.75–1.02

High comorbidity burden
(ACG score ≥10);
Ref: ACG score 0–9

1.33 1.12–1.59 1.55 1.30–1.86 1.41 1.27–1.56 1.33 1.19–1.47

Primary tumor site;
Ref:
Bronchopulmonary

Gastroenteric 0.66 0.53–0.82 0.37 0.30–0.46 0.84 0.74–0.95 0.85 0.74–0.97

Pancreatic 0.80 0.63–1.02 0.47 0.36–0.60 0.91 0.79–1.06 0.93 0.80–1.08

Others 0.97 0.76–1.26 0.46 0.35–0.61 0.94 0.80–1.11 0.90 0.75–1.07

Metastatic status; Ref:
None

Synchronous 1.07 0.89–1.28 1.02 0.84–1.23 1.13 1.02–1.26 1.17 1.04–1.31

Metachronous 1.45 1.14–1.83 1.13 0.88–1.44 1.24 1.07–1.43 1.45 1.26–1.26

Therapy (within 30
days prior to ESAS
score); Ref: No therapy

Radiation 1.36 1.05–1.77 1.18 0.97–1.44 1.25 1.09–1.43 1.20 1.01–1.43

Chemotherapy 1.02 0.86–1.21 1.02 0.84–1.23 1.23 1.12–1.35 1.20 1.08–1.33

Liver embolization 1.72 0.98–3.00 1.05 0.53–2.09 1.46 1.03–2.06 1.56 1.09–2.23

Surgery 1.83 1.46–2.29 1.42 1.12–1.80 1.40 1.22–1.60 1.28 1.10–1.48

Bolded values represent statistically significant associations.
Abbreviations: ACG, aggregated clinical group; CI, confidence interval; ESAS, Edmonton Symptom Assessment System; NET, neuroendocrine
tumor; Ref: reference.
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For Further Reading:
Matthew H. Kulke, Al B. Benson, Arvind Dasari et al. Real‐World Treatment Patterns and Clinical Outcomes in
Advanced Gastrointestinal Neuroendocrine Tumors (GI NET): A Multicenter Retrospective Chart Review Study. The
Oncologist 2019;24:1056–1065.

Implications for Practice:
This study, assessing treatment patterns over a period of up to 30 years, showed that SSAs, LDT, cytotoxic
chemotherapy, and interferon are common treatments for advanced GI NETs. SSAs alone or in combination with other
treatments were the most frequent therapy in first and subsequent lines. Patients in this study remained on SSAs long‐
term, with median treatment duration of 12.8 years in first line. Treatment patterns should be assessed beyond this
study's time period, given recent U.S. Food and Drug Administration approvals for additional treatments for GI NET,
which will likely be incorporated in the continuum of care of patients.
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