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Overexpression of somatostatin receptors (SSTRs) in patients with

neuroendocrine neoplasms (NENs) is used for both diagnosis and

treatment. Receptor density may reflect tumor differentiation

and thus be associated with prognosis. Noninvasive visualization
and quantification of SSTR density is possible by SSTR imaging

(SRI) using PET. Recently, we introduced 64Cu-DOTATATE for SRI,

and we hypothesized that uptake of this tracer could be associ-
ated with overall survival (OS) and progression-free survival (PFS).

Methods: We evaluated patients with NENs who underwent
64Cu-DOTATATE PET/CT SRI in 2 prospective studies. Tracer up-

take was determined as the maximal SUV (SUVmax) for each patient.
Kaplan–Meier analysis with log-rank was used to determine the pre-

dictive value of 64Cu-DOTATATE SUVmax for OS and PFS. Specificity,

sensitivity, and accuracy were calculated for prediction of outcome at

24 mo after 64Cu-DOTATATE PET/CT. Results: In total, 128 patients
with NENs were included and followed for a median of 73 mo (range,

1–112 mo). During follow-up, 112 experienced disease progression,

and 69 died. The optimal cutoff for 64Cu-DOTATATE SUVmax was

43.3 for prediction of PFS, with a hazard ratio of 0.56 (95% confi-
dence interval, 0.38–0.84) for patients with an SUVmax of more than

43.3. However, no significant cutoff was found for prediction of OS. In

multiple Cox regression adjusted for age, sex, primary tumor site, and
tumor grade, the SUVmax cutoff hazard ratio was 0.50 (range, 0.32–0.77)

for PFS. The accuracy was moderate for predicting PFS (57%) at 24 mo

after 64Cu-DOTATATE PET/CT. Conclusion: In this first study to report

the association of 64Cu-DOTATATE PET/CT and outcome in patients
with NENs, tumor SSTR density as visualized with 64Cu-DOTATATE

PET/CT was prognostic for PFS but not OS. However, the accuracy

of prediction of PFS at 24 mo after 64Cu-DOTATATE PET/CT SRI was

moderate, limiting the value on an individual-patient basis.
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Patients diagnosed with neuroendocrine neoplasms (NENs)
have a highly variable survival ranging from a few months to

decades (1). The origin of NENs is frequently gastroenteropancre-

atic (;75%) or pulmonary (;25%). Gastroenteropancreatic

NENs are pathologically graded by mitotic rate and proliferation

index (Ki-67) as grade 1 (,3%), grade 2 (3%–20%), or grade 3

(.20%) and by differentiation in well-differentiated neuroendo-

crine tumors (NETs) and poorly differentiated neuroendocrine

carcinoma (NECs). NECs are further classified as being of small

or large cell type (2,3). Lung NENs are pathologically classified

as typical or atypical carcinoids, large cell NECs, or small cell

lung carcinomas. Most patients with NENs have low-grade dis-

ease and experience long-term survival (1). Treatment is based

on resectability, the presence of metastases, the location of the

primary tumor and metastases, and the histology of tumor biopsy

samples (4). However, as evaluation based on histology is prone

to sampling error, more precise prognostic methods are needed.

PET allows for a whole-body molecular examination and is well

suited for noninvasive longitudinal monitoring of the entire tu-

mor burden. Although 18F-FDG PET is widely used for cancer

imaging and is prognostic in NENs of all grades (5,6), it is

currently not recommended as a routine in low-grade NENs.

However, a feature of most NENs is overexpression of somato-

statin receptors (SSTRs). The SSTR density on the tumor cell

surface may reflect the degree of differentiation and proliferative

index, that is, most SSTRs on well-differentiated tumors with a

low proliferation index (7,8). SSTRs are used as the target in

SSTR imaging (SRI), which plays an essential role in diagnosis,

treatment decisions, and follow-up for NENs (9). The general

principle applied involves a radioisotope conjugated via a che-

lator (e.g., tetraxetan [DOTA]) to a somatostatin analog (e.g.,

Tyr3-octreotate [TATE]). In diagnostics, PET tracers (68Ga- or
64Cu-conjugated somatostatin analogs) are used, and for therapy,
177Lu-conjugated somatostatin analogs are used (10). PET tracer
uptake can be quantified as SUV. Preliminary results in smaller
cohorts have indicated that maximal SUV (SUVmax) in 68Ga SRI
as a measure of SSTR density is predictive of progression-free
survival (PFS) in NETs (11–13). However, the prognostic impli-
cations for overall survival (OS) have not previously been re-
ported. We recently introduced 64Cu-labeled DOTATATE for
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NENs. This agent provides excellent image resolution and can be
centrally produced because of its long half-life (14). Hence, the
aim of the present study was to examine in a large cohort the
ability of 64Cu-DOTATATE PET/CT to predict OS and PFS. We
hypothesized that increasing lesion SUVmax was associated with
longer OS and PFS.

MATERIALS AND METHODS

Patients

Our group performed 2 prospective clinical studies with 64Cu-
DOTATATE PET/CT that included patients seen between November

2009 and March 2013 and for whom a follow-up study was planned
(15,16). The study was approved by the Regional Scientific Ethical

Committee (reference no. H-D-2008-045), and all participating pa-
tients signed an informed consent form. The included patients had

histopathologically confirmed NENs and were referred for PET/CT

for staging, restaging, or follow-up. All scans were reviewed for in-
clusion in the present follow-up study. If more than 1 64Cu-DOTATATE

PET/CT scan was available for a patient, the earliest scan was used. We
excluded patients with no signs of NENs because of previous radical

surgery. Thus, only patients with the presence of NENs detectable by
PET and/or CT were included. Patients were followed and treated with

the standard of care at the ENETS Neuroendocrine Tumor Center of
Excellence, Rigshospitalet, Copenhagen, Denmark. Treatment decisions

were masked to the 64Cu-DOTATATE PET/CT results but guided by
111In-octreotide scintigraphy (clinical routine throughout the inclusion pe-

riod). The baseline characteristics collected were age, sex, time of diag-
nosis, site of primary tumor, Ki-67 index (%), World Health Organization

(WHO) grade, and NEN-specific treatment before SRI. Follow-up with
diagnostic CTwas undertaken biannually. At the discretion of the treating

physician, SRI, MRI, or ultrasound was also performed during follow-up.

Radiotracer and Image Acquisition

Radiotracer production, PET/CT image acquisition, and the re-

construction methodology have been published previously (14–16). In
short, 64Cu-DOTATATE was produced in-house, and patients under-

went a whole-body PET/CT scan 62 6 1 min (range, 43–99 min) after
injection of 202.76 1.0 MBq (range, 174–245 MBq) of 64Cu-DOTATATE.

TABLE 1
Baseline Characteristics of 128 Patients with NENs

Characteristic Value

Age (y) Median, 63; range, 29–83

Male/female (n) 72/56 (56%/44%)

Time from diagnosis
to scan (mo)

Median, 18; range, 0–208

Primary tumor site (%)

Lung 7 (5)

Unknown primary NEN 23 (18)

Stomach 1 (1)

Small intestine 60 (47)

Pancreas 25 (20)

Cecum 8 (6)

Extrahepatic biliary tract 2 (2)

Esophagus 1 (1)

Other 1 (1)

Primary tumor site,
grouped (n)

Lung 7 (5%)

Unknown primary NEN 23 (18%)

Gastrointestinal tract* 73 (57%)

Pancreas 25 (20%)

Ki-67 index (%) Median, 5; range, 1–100

WHO grading (n)†

Grade 1 31 (26%)

Grade 2 84 (69%)

Grade 3 6 (5%)

Treatment before
64Cu-DOTATATE
PET/CT (n)‡

No treatment 18 (14%)

Localized treatment 13 (10%)

Systemic treatment 43 (34%)

Localized and

systemic treatment

54 (42%)

*Gastrointestinal collectively refers to primaries originating from

stomach, small intestine, cecum, extrahepatic biliary tract, esoph-

agus, or other.
†Not available in 7 patients.
‡Localized treatment: surgery (n 5 59), hepatic artery emboli-

zation (n 5 9), radiofrequency ablation (n 5 7), and/or external

radiation (n 5 2). Systemic treatment: interferon (n 5 57), somato-
statin analog (n 5 49), chemotherapy (n 5 49), and/or peptide

receptor radionuclide therapy (n 5 43).

TABLE 2
64Cu-DOTATATE SUVmax in Tumor or Metastases

in 128 Patients with NEN

Parameter Mean P

Overall 62.2 (3.3) —

Primary tumor site, grouped 0.001*

Lung (n 5 7) 63.2 (21.4)

Pancreas (n 5 25) 83.8 (10.1)

Gastrointestinal (n 5 73) 51.5 (2.9)

Unknown primary NEN (n 5 23) 72.3 (7.5)

WHO grade 0.52

Grade 1 (n 5 31) 67.4 (7.5)

Grade 2 (n 5 84) 62.0 (3.8)

Grade 3 (n 5 6) 48.7 (22.7)

Overall survival at 24 mo 0.06

Alive (n 5 99) 65.6 (3.8)

Deceased (n 5 29) 50.7 (5.7)

PFS at 24 mo 0.17

No progression (n 5 62) 66.9 (5.0)

Progression (n 5 66) 57.8 (4.3)

*Post hoc analysis by Tukey identified P , 0.001 for pancreas

vs. gastrointestinal SUVmax.
Data in parentheses are SEM.

PFS 5 progression-free survival.
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A Siemens Biograph 40 or 64 TruePoint PET/CT was used, and all
images were reconstructed with the same reconstruction parameters and

algorithm (TrueX; Siemens Medical Solutions). To ensure quantita-
tively accurate measurements between the different PET/CT scanners,

we performed a quality control every 2 wk, testing that they were
calibrated to measure within our acceptance range (5%). Furthermore,

a diagnostic CT scan with iodine intravenous contrast material was
performed before the PET scan unless contraindicated.

Image Analysis

An experienced board-certified nuclear medicine physician together
with an experienced board-certified radiologist, working side by side,

analyzed the PET/CT scans. SUV was calculated as the decay-

corrected measured radioactivity concentration/(injected activity/body

weight). The SUVmax was obtained by drawing spheric volumes

encompassing the entire lesion. Within each lesion site (divided into

regions or groups: lung, pancreas, liver, intestines, bones, lymph

nodes, and other), the SUVmax was noted. For each patient, the largest

SUVmax obtained in any region or group was used as the predictor

variable and, for simplicity, is referred to as SUVmax in this article.

Endpoints

Follow-up was performed on March 28, 2019. Routine CT images
or MR images were used for evaluation of PFS in accordance with

Response Evaluation Criteria in Solid Tumors, version 1.1 (17). PFS

was calculated as the time from 64Cu-DOTATATE PET/CT to pro-

gression (if any) or tumor-related death. If no progression or tumor-

related death occurred within the follow-up interval, the patient was

censored at the time of the last available diagnostic imaging exami-

nation. OS was calculated as the time from 64Cu-DOTATATE PET/CT

to death by any cause. Patients alive at follow-up were censored to the

date of follow-up, that is, March 28, 2019.

Statistics

Continuous variables are reported as mean and SEM or median and

range. Independent t tests and 1-way ANOVA with post hoc analysis

by Tukey were used for comparison of means. Kaplan–Meier analyses

were used to estimate time to outcome (PFS and OS). The optimal

cutoff for SUVmax was determined by log-rank testing, as the point

yielding the most significant log-rank test split (as determined using

the Cutoff Finder web application (18)). Multiple Cox regression

analyses for outcome, with the predictor variables being age, sex,

primary tumor site, SUVmax, and WHO grade, were performed. Fur-

thermore, specificity, sensitivity, and accuracy in predicting outcome

(PFS and OS) at 24 mo by the determined SUVmax cutoff were calcu-

lated. The time cutoff of 24 mo after the 64Cu-DOTATATE PET/CT scan

was chosen to put the performance of prognostication into a clinically

relevant timeline, with most patients undergoing PET/CT biannually or

annually and some undergoing PET/CT every other year. A P value of

less than 0.05 was considered statistically significant. R statistical soft-

ware (R Foundation for Statistical Computing) was used for the analyses.

RESULTS

Patients

In total, 172 64Cu-DOTATATE PET/CT
scans were performed in relation to the 2

studies; 25 patients participated in both

studies. In the 147 unique patients scanned,

128 patients had NENs present at the time of

the scan and were thus included in the study;

baseline characteristics are shown in Table 1.

64Cu-DOTATATE SUVmax

The mean SUVmax 6 SEM of the pri-
mary tumor or metastasis was 62.2 6 3.3

in the entire cohort; values for the sub-

groups are reported in Table 2. A tendency

toward a lower SUVmax was observed for

patients with a poor outcome (deceased [P5
0.06] or progressive disease [P 5 0.17])

at the defined 24-mo cutoff after 64Cu-

DOTATATE PET/CT. SUVmax differed sig-

nificantly according to primary tumor site,

with a higher SUVmax for lesions originating

FIGURE 1. Box plot of 64Cu-DOTATATE SUVmax by WHO grade for 121

patients with NEN. G1, G2, and G3 5 grades 1, 2, and 3, respectively.

FIGURE 2. Kaplan–Meier plots of outcome for 128 patients with NENs, stratified by 64Cu-DOTA-

TATE SUVmax (reference: SUVmax # 43.3). (A) PFS. (B) OS. CI 5 confidence interval.
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from pancreas than for lesions originating from gastrointestinal sites.
No significant difference in SUVmax was observed for patients with
grade 1 vs. grade 2 vs. grade 3 NENs (Fig. 1).

Prediction of OS and PFS

After the 64Cu-DOTATATE scan, patients were followed for a
median of 73 mo (range, 1–112mo); 112 had progressive disease,
and 69 died during follow-up. The median PFS was 23 mo (95%
confidence interval, 19–30 mo), and the median OS was 85 mo (66
mo was the lower limit of the 95% confidence interval, and the
upper limit was not reached). Applying the Cutoff Finder method
(18), a cutoff SUVmax of 43.3 yielded a hazard ratio of 0.56
(range, 0.38–0.84) for prediction of PFS (reference SUVmax #

43.3). No significant cutoff for prediction of OS was identified;
thus, the 43.3 cutoff was used in the Kaplan–Meier plot for OS
(Figs. 2–3). A significantly higher risk was found for WHO grade

3 than for grades 2 and 1 for OS and PFS. However, no significant
difference was found between grade 1 and grade 2 (Fig. 4).
In a multiple Cox regression analysis with the outcome being

PFS, both the identified SUVmax cutoff and WHO grade were
significantly associated with PFS, whereas age, sex, and primary
tumor site were not. In a multiple Cox regression analysis with the
outcome being OS, only WHO grade and age were significantly
associated with OS (Fig. 5).
Prediction of PFS and OS 24 mo after 64Cu-DOTATATE PET/CT

had a sensitivity of 39% and 41%, respectively; a specificity of 76%
and 71%, respectively; and an accuracy of 57% and 64%, respectively.

DISCUSSION

This is the first study to report the association between 64Cu-
DOTATATE PET/CT and outcome in patients with NENs. The main

finding of our study in a cohort of 128 patients

with NENs of all WHO grades and followed

for up to more than 9 y was that the 64Cu-

DOTATATE SUVmax in tumor lesions was

significantly associated with PFS but not

with OS. A 64Cu-DOTATATE SUVmax above

43.3 was associated with only half the likeli-

hood of progression (hazard ratio, 0.56; 95%

confidence interval, 0.38–0.84) of a 64Cu-

DOTATATE SUVmax below or equal to 43.3.
SRI, by 68Ga- or 64Cu-conjugated so-

matostatin analogs, is regarded as key in

initial diagnosis, staging, follow-up, and

patient selection for peptide receptor radio-

nuclide therapy in NET patients (19,20).

The addition of PET to CT increases both

the sensitivity and the specificity of NET

detection (21). Several SRI PET tracers

exist, and in general they all show high

sensitivity and specificity (21). In a head-to-

head comparison of 64Cu-DOTATATE ver-

sus 68Ga-DOTATOC, we showed that
64Cu-DOTATATE identified significantly

FIGURE 3. Plot of hazard ratios (solid lines) with 95% confidence intervals (dotted lines) at several cutoffs for 64Cu-DOTATATE SUVmax. Vertical solid line

indicates most significant cutoff for SUVmax (43.3 for PFS [A] and no significant cutoff identified for OS [B]). CI 5 confidence interval; HR 5 hazard ratio.

FIGURE 4. Kaplan–Meier plots of outcome for 121 patients with NENs, stratified by WHO grade

(reference: grade 1). (A) PFS. (B) OS. CI 5 confidence interval; G1, G2, and G3 5 grades 1, 2, and

3, respectively.
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FIGURE 5. Forest plots of multiple Cox regression analyses to predict outcome in 128 patients with NENs. (A) PFS. (B) OS. CI 5 confidence

interval; G1, G2, and G3 5 grades 1, 2, and 3, respectively; HR 5 hazard ratio.
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more true lesions than 68Ga-DOTATOC (16). However, SRI is not
routinely performed in patients with NEC because of lower sen-
sitivity. In patients with NEC, 18F-FDG is often used to visualize
the increased glucose metabolism in tumor lesions (22).
Determination of the Ki-67 index in tissue samples is essential

in the WHO classification of NENs and has great implications on
management of patient treatment. However, as histology is prone
to sampling error, methods for whole-body examinations are
needed. Furthermore, since most patients with NENs experience
long-term survival, methods that allow for easy reexaminations are
required. SRI is routinely performed on patients with NETs at the
time of diagnosis and for follow-up evaluations. To the best of our
knowledge, studies on prediction of OS based on SRI SUVmax

have not been reported so far. Previously, it was reported that
68Ga-DOTANOC SUVmax (11,12) and 68Ga-DOTATATE SUVmax

(13) are predictive for PFS. Our findings confirm these observa-
tions in a substantially larger cohort (128 vs. 46/43/30 patients).
However, the specific cutoff varies among the studies, for several
possible reasons. First, the study populations varied with regard to
the origin of the primary NEN, with 1 study having only pancre-
atic tumors (11), 1 study having only ileal tumors (13), and 1 study
including primarily pancreatic tumors (12). In comparison, our
cohort had more patients with primary gastrointestinal tumors than
pancreatic tumors and also included patients with unknown pri-
mary NENs and lung NENs. Our study confirmed the previous
finding that primary pancreatic NENs have a higher SUVmax than
primary gastrointestinal NENs—a fact that may affect the obtained
cutoff (12). Second, the use of different PET isotopes and somato-
statin analogs may affect the specific cutoff. The 64Cu-DOTATATE
SUVmax reported here was greater than what has been reported for
68Ga-DOTANOC and 68Ga-DOTATATE (23,24), as was also evident
in a previous head-to-head comparison of 64Cu-DOTATATE and
68Ga-DOTATOC, in which SUVmax was higher for 64Cu-DOTATATE
(16). Collectively, the predictive value of SRI by either 68Ga- or
64Cu-conjugated somatostatin analog for PFS is likely to be similar
for the different SRI tracers, that is, a class effect.
Having demonstrated the predictive value of 64Cu-DOTATATE

SUVmax for PFS, the question arises of whether this information
can be used on an individual basis. Using the identified optimal
SUVmax cutoff of 43.3 for prediction of PFS at 24 mo, a moderate
accuracy of 57% was found. The previous studies also reported
moderate to low accuracy in prediction of PFS on an individual-
patient level (11–13).
In contrast to what was the case for PFS, our study could not

demonstrate that 64Cu-DOTATATE SUVmax was predictive for OS.
Currently, there are no other studies that have looked into SRI and
OS. We would have expected that inclusion of NENs of grade 3,
which have a substantially poorer prognosis and lower SSTR ex-
pression, would have revealed an association between 64Cu-DOTATATE
SUVmax and OS. However, patients with NEN grade 3 made up
only a small part of the study population, and our study therefore
may have been underpowered to show the relation regarding OS.
Supporting the prognostic implications of SSTR are immunohis-

tochemistry histologic examinations of NEN samples reporting
variations in the density of SSTR expression according to tumor
proliferation and differentiation (7,8,25–27). SRI SUVmax measured in
biopsied lesions shows a close correlation with SSTR2 gene expression
(28) and with SSTR expression assessed using immunohistochemistry
(29,30). In well-differentiated tumors, the density of SSTR may be
greater than in poorly differentiated NENs, and SSTR density has been
associated with survival (25,31,32). However, a large dataset from 163

patients with NENs with Ki-67 of more than 20% shows that

strong SSTR2a expression is present in a great proportion of

grade 3 NENs, especially in pancreatic NECs, and SSTR2a density

was not prognostic (33). Hence, the notion that SSTR is a trait re-

stricted to low-grade NETs, and thus an indicator of differentiation,

may not hold true.
Ideally, the minimum SUV should be applied in SRI, as the tumor

or metastasis with the lowest SSTR density, that is, the most

dedifferentiated part of the cancer, would then theoretically become

the predictor for outcome. However, the accuracy and reproducibil-

ity of such a measure are questionable, and in a previous attempt,

minimum SUV was not predictive of PFS (13). With SUVmax, the

greatest SSTR density is reported, and the prediction is therefore

likely based on the most differentiated tumor area, omitting more

dedifferentiated areas. However, it is possible that there is a corre-

lation between the minimum SUV and SUVmax, and SUVmax is the

only measure that can realistically be obtained in a reproducible way

in everyday practice. Other aspects of SRI may be exploited; for

example, a quantitative measure of the total tumor burden based on

SRI has also been reported as prognostic for PFS (34). In general, a

greater use of the vast information embedded in SRI is warranted.
An alternative to SRI for prognostication in NENs could be

18F-FDG PET/CT. The 18F-FDG tracer reflects glucose uptake,
and due to the Warburg effect in tumor cells, leading to greatly in-
creased glucose metabolism, a high SUVmax is seen in tumors with
high glycolytic activity. A strong correlation between 18F-FDG tumor
uptake and prognosis in patients with NENs has been reported (5,6),
with patients who have 18F-FDG–avid tumor lesions showing a mark-
edly worse prognosis (hazard ratio of approximately 10 for both PFS
and OS). However, compared with 18F-FDG, the advantage of SRI
prognostication is the availability in almost all NET patients. In this
cohort, 12 of 128 patients had 18F-FDG PET/CT performed within
100 d of the 64Cu-DOTATATE PET/CT, and we therefore abstained
from comparative analysis.
This study had some limitations. The patient population was a

representative population at a NET center. Accordingly, the patients

may range from newly diagnosed to heavily pretreated. Although

SRI is widely used for NETs, 18F-FDG PET/CT is preferred for

high-grade NENs (20). Therefore, our cohort included relatively

few patients with high-grade NENs—a limitation that may have

affected the study’s ability to investigate the hypothesized inverse

correlation between SRI and OS. Classification of high-grade

NENs has changed considerably since the patients in this study

were included; hence, the distinction between NET grade 3 and

NEC (small and large cell) was not available. However, only 6

patients had a Ki-67% of more than 20%, making further sub-

grouping of limited value.

CONCLUSION

64Cu-DOTATATE PET/CT SUVmax in tumor or metastases was
predictive of PFS in our large cohort of 128 patients with NENs

who were followed for up to more than 9 y. However, the accuracy

of predicting PFS for the individual patient was modest. Regarding

OS, we found SRI to have no predictive value. Compared with 18F-

FDG PET/CT, which has been shown strongly prognostic (PFS and

OS) across the NEN grades, there seems little or no role for SRI in

individual patient prognostication. This finding does not rule out
potential prognostic value for SRI when used in predicting the out-
come of SSTR-targeted therapies such as peptide receptor radionu-
clide therapy.
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KEY POINTS

QUESTION: Is 64Cu-DOTATATE tumor uptake on PET/CT asso-

ciated with prognosis in patients with NENs?

PERTINENT FINDINGS: Patients with higher tracer uptake had a

significantly lower risk of progression, but no significant associa-

tion with survival was evident. However, the accuracy of predict-

ing prognosis for the individual patient was modest.

IMPLICATIONS FOR PATIENT CARE: A high SUVmax on 64Cu-

DOTATATE PET/CT is predictive of a longer PFS. However, on an

individual-patient basis, the value seems limited. Nevertheless,
64Cu-DOTATATE SUVmax may have value on an individual basis in

predicting the outcome of peptide receptor radionuclide therapy.
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