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Aim: The RAISE project aimed to find a surrogate end point to predict treatment response early in patients
with enteropancreatic neuroendocrine tumors (NET). Response heterogeneity, defined as the coexistence
of responding and non-responding lesions, has been proposed as a predictive marker for progression-free
survival (PFS) in patients with NETs. Patients & methods: Computerized tomography scans were analyzed
from patients with multiple lesions in CLARINET (NCT00353496; n = 148/204). Cox regression analyses
evaluated association between response heterogeneity, estimated using the standard deviation of the
longest diameter ratio of target lesions, and NET progression. Results: Greater response heterogeneity
at a given visit was associated with earlier progression thereafter: week 12 hazard ratio (HR; 95%
confidence interval): 1.48 (1.20–1.82); p < 0.001; n = 148; week 36: 1.72 (1.32–2.24); p < 0.001; n = 108.
HRs controlled for sum of longest diameter ratio: week 12: 1.28 (1.04–1.59); p = 0.020 and week 36: 1.81
(1.20–2.72); p = 0.005. Conclusion: Response heterogeneity independently predicts PFS in patients with
enteropancreatic NETs. Further validation is required.

Plain language summary – Response heterogeneity as a new biomarker of treatment response in patients
with neuroendocrine tumors: Neuroendocrine tumors (NET) are rare, slow-growing cancers that can grow
in various parts of the body. By understanding how NETs are responding to treatment, doctors can choose
the best treatment for a patient and monitor whether the treatment needs to be changed. Treatment
response is determined using ‘Response Evaluation Criteria in Solid Tumors (RECIST)’: a technique which
measures the size of tumors to assess whether they are shrinking. However, RECIST is not always useful in
NETs, which grow slowly and rarely shrink.

‘Response heterogeneity’ describes the situation in which some tumors respond well to treatment, while
other tumors in the same patient do not. Response heterogeneity may be important in understanding how
tumors are responding to treatment and predicting outcomes for patients. Until now, the link between
response heterogeneity and treatment response has not been studied in patients with NETs.

The RAISE project examined data from a clinical trial of patients with NETs treated with lanreotide. In
RAISE, response heterogeneity was estimated using imaging scans of NETs. Response heterogeneity was
compared with factors such as tumor size and amounts of certain molecules found in the blood, to see
how well response heterogeneity could predict outcomes for patients with NETs.

In this study, response heterogeneity was linked with worse outcomes for patients. Therefore, it may
be useful in understanding how NETs respond to treatment. Further research is needed in a different
group of patients with NETs, and in patients receiving other treatments, to better understand response
heterogeneity.
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Neuroendocrine tumors (NET) are rare tumors, accounting for approximately 0.5% of all newly diagnosed
malignancies [1]. NETs are a diverse group of neoplasms, often distinguished and classified by their site of origin,
functional status, and degree of proliferation and differentiation [2]. In enteropancreatic NETs, metastases typically
develop initially in regional lymph nodes, most commonly in the liver, and less frequently in the bone and distal
lymph nodes, or the lungs [3,4].

Systemic treatment options for patients with advanced and metastatic NETs, which have been shown to delay
progression and diminish symptoms related to hormone hypersecretion, have grown in recent years, including so-
matostatin analogs (SSA), peptide receptor radionuclide therapy (PRRT), chemotherapy, and targeted agents [5–9].
However, the long-term effectiveness of these treatments vary, and toxicity data for targeted therapies demon-
strate that high heterogeneity and variation exist in the extent to which they improve progression-free survival
(PFS) [10]. Despite the broad range of treatment options for NETs, dependent on the tumor profile and patient
characteristics [11], few biomarkers exist to help predict prognosis and guide treatment decisions [12].

There is an ongoing debate surrounding the most suitable tool to assess treatment outcomes in patients with
NETs. Currently, the preferred choice is Response Evaluation Criteria in Solid Tumors (RECIST), which uses the
sum of the longest diameter (SLD) of target lesions, together with the appearance of new lesions, to compute a
categorical variable (complete response [CR], partial response [PR], stable disease [SD], or progressive disease [PD])
and determine objective treatment response [13,14]. However, RECIST does not account for the wide variation in
the clinical and biological presentation of NETs, including in tumor growth, secretory capacity and anatomical
localization [15,16]. Choi criteria have been proposed as an alternative set of response criteria to RECIST, measuring
treatment-induced necrosis. Choi criteria can be considered in the assessment of treatment response in NETs as
they account for intratumor changes through the evaluation of tumor density. However, since SSAs do not induce
tumor necrosis in patients with NETs, Choi criteria are not well-suited to assessing response to SSA treatment in
these patients [15]. Recently, post-hoc analyses of data from the CLARINET phase III trial (NCT00353496) of
lanreotide in patients with enteropancreatic NETs demonstrated the clinical utility of tumor growth rate (TGR)
as a measure of tumor progression and as a prognostic factor for PFS [17]. A less categorical definition of treatment
response, which is more sensitive to the biology of NET evolution, might aid in selecting the most appropriate
therapeutic strategy from an expanding treatment landscape [17]. This would allow the personalization of treatment
based on clinical and biological features of NETs, driving advancements in clinical management of the disease [5,18].

The Research for Artificial Intelligence-Based Surrogate Endpoint (RAISE) project aimed to harness the emerging
promise shown by artificial intelligence and deep learning concepts in precision and personalized medicine [19],
and in tumor grading in NETs [20–22], to create a multimodal surrogate end point for RECIST. Clinical data and
imaging biomarkers were derived from CT scans of hepatic lesions over multiple visits, in a subset of patients from
the CLARINET phase III trial (NCT00353496). These were used to assess whether this new end point could allow
for earlier prediction of PFS and facilitate treatment adaptation in patients with NETs [23]. Deep learning models
were shown to capture information from CT scans, complementary to the lesion shape and size, that may benefit
the early prediction of PFS in patients with enteropancreatic NETs. Main findings from the RAISE project have
recently been published [24]. During the project, response heterogeneity observed in CT scans was hypothesized
to be important in understanding treatment response in patients with NETs. This hypothesis prompted further
investigation into its potential role as a marker of treatment response in these patients.

Response heterogeneity has been defined previously, based on RECIST, as the coexistence of responding and
non-responding target lesions. Responding lesions are those with a CR (disappearance of all target lesions) or a
PR (a >30% decrease in sum of diameters of target lesions). Non-responding lesions demonstrate PD (a >20%
increase in sum of diameters of target lesions) or SD (neither a sufficient shrinkage to be classed as PR, nor sufficient
increase to qualify as PD) [13,14]. Studies of response heterogeneity, also referred to elsewhere as a dissociated or
mixed response, have since shown that response heterogeneity has different predictive implications depending on
treatment type [25,26].

Thus, the predictive value of response heterogeneity in determining treatment response and patient outcome
remains unclear, and the association between response heterogeneity and PFS in patients with NETs is yet to be
assessed. As an extension of the RAISE project, the potential of response heterogeneity as a biomarker to allow
earlier prediction of PFS in patients with NETs was investigated, using a new definition of response heterogeneity
for assessing slow-growing NETs.

2172 Future Oncol. (2023) 19(32) future science group



Response heterogeneity in neuroendocrine tumors Short Communication

Materials & methods
Study design & included patients
The design and methods of the CLARINET study have been described previously [23]. Briefly, CLARINET was a
randomized, double-blind, placebo-controlled, multinational, phase III study which assessed the efficacy and safety
of lanreotide in tumor control in patients with enteropancreatic NETs. The CLARINET study was approved by
all relevant local ethical committees. Consent was obtained from each patient after full explanation of the purpose
and nature of all procedures used.

Patients eligible for enrollment in CLARINET were those with advanced, well- or moderately-differentiated,
non-functioning, somatostatin receptor-positive, enteropancreatic NETs, with Ki-67 index less than 10% (N = 204;
placebo: n = 103; lanreotide: n = 101). Tumor growth and disease progression were not assessed prior to enrolment
in the trial, but were prospectively evaluated on study entry before randomization to placebo or lanreotide. Disease
progression, and hence PFS, was evaluated using CT scans according to RECIST 1.0. CT imaging was performed
twice during screening, 12 weeks apart, to determine the baseline disease progression status of patients; the second
image scan was used to determine target lesion sizes and was considered the baseline assessment in CLARINET.
Patients with progressive disease at baseline and previous therapy at study entry were combined with patients with
progressive disease at study entry and no previous therapy at entry. The analysis of response heterogeneity in RAISE
was restricted to the subset of patients enrolled in CLARINET with multiple lesions.

Study procedures & evaluations
In this study, a maximum of ten target lesions per patient, with a maximum of five lesions per organ, were selected
according to RECIST 1.0. Selected lesions were ≥10 mm in size, with a slice thickness of <5 mm.

The definition of response heterogeneity was adapted in this study as previous definitions of response hetero-
geneity, such as the coexistence of responding lesions (CR and PR) and non-responding lesions (PD and SD) in
the same patient, are not suitable for slow-growing tumors such as low-grade NETs. For the analyses reported
here, the ratio between the longest diameter at each patient visit and at baseline (longest diameter ratio; LDr) was
computed for each target lesion using CT images taken at weeks 12, 24, 36, 48 and 72; non-target lesions and new
lesions since baseline were excluded from these analyses. Response heterogeneity was therefore considered to be a
continuous variable, estimated using the standard deviation (SD) of the LDr of all target lesions measured in axial
view for each patient, rather than being defined according to a distinct cut-off value. As response heterogeneity is
not binary, the response heterogeneity metric was standardized at each timepoint by its SD at that same timepoint.
An overview of the assessment of the response heterogeneity biomarker in the RAISE project is provided in Figure 1.
CT images of patients with lesions demonstrating high response heterogeneity and low response heterogeneity at
baseline and at week 12 are shown in Figure 2 to illustrate this concept.

Assessment of response heterogeneity & NET progression
To determine the predictive value of response heterogeneity in determining PFS, a Cox regression analysis, stratified
by the number of lesions for each patient, was used to evaluate the association of response heterogeneity with NET
progression.

This relationship was assessed both including and excluding the sum of the longest diameter ratio (SLDr) as a
covariate in the repeated Cox model at each patient visit.

Assessment of the influence of response heterogeneity in the prediction of PFS
The predictive performance of response heterogeneity in determining PFS in patients with enteropancreatic NETs
was also assessed using Cox models. Cox models were trained by treating each patient visit as an independent
observation, with the remaining time to progression as the associated outcome. Performance of the models in
predicting PFS was compared using c-index values at patient visits at weeks 12, 24, 36, 48 and 72 to determine
overall best model performance. Models were evaluated using leave-one-out validation; therefore, it was not possible
to assess the significance of model comparisons using other test coefficients. Standard errors of the mean values are
also presented.

A three-variable model (combining the response heterogeneity output with the SLDr and change from baseline in
logarithmically transformed CgA [logCgA]) was compared with a two-variable model (based on SLDr and change
in logCgA only) and SLDr alone for the prediction of PFS across patient visits. SLDr was selected for inclusion
in the multivariate models as it is an equivalent but simpler measure of tumor growth than TGR. The raw CgA
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Patients enrolled in CLARINET (N = 204)

Patients with multiple lesions (n = 148)

CT images were used to calculate the ratio
between the longest diameter of target
lesions at each patient visit and baseline

Response heterogeneity was estimated
using the standard deviation of the

longest diameter ratios

Response
heterogeneity = SD

Longest diameter
of target lesion at
each patient visit

Longest diameter
of target lesion at

baseline

Assessment of prognostic value of
response heterogeneity for prediction of PFS

Association of response heterogeneity with
NET progression

Comparison of three-variable model
versus two-variable model

Assessment of model surrogacy

Figure 1. Overview of the assessment of PFS prediction using the response heterogeneity measurements in patients with NETs enrolled
in CLARINET with multiple lesions (n = 148). A Cox regression analysis assessed the association of response heterogeneity with NET
progression at each patient visit at weeks 12, 24, 36, 48 and 72. Cox models were also trained on patient samples of available data at
patient visits (week 12: n = 148; week 24: n = 131; week 36: n = 108; week 48: n = 90; week 72: n = 70). A three-variable model (combining
the response heterogeneity output with the SLDr and change in logCgA between each patient visit and baseline), was compared with a
two-variable model (based on SLDr and change in logCgA between each patient visit and baseline only), and a model based on SLDr
alone for the prediction of PFS at patient visits at weeks 12, 24, 36, 48 and 72. The surrogacy of the models, as measured by the
proportion explained metric, was also compared at patient visits at weeks 12, 24, 36, 48 and 72.
CgA: Chromogranin A; NET: Neuroendocrine tumor; PFS: Progression-free survival; SD: Standard deviation; SLDr: Sum of longest diameter
ratio.

values were large and had a skewed distribution; therefore, CgA was logarithmically transformed to normalize the
distribution of CgA values, which is desirable when performing Cox regression analyses.

Assessment of surrogacy of the models & PFS alone
Surrogacy, defined as the ability of the models to predict PFS, was then assessed using the proportion explained
metric [27]. This metric quantified the proportion of treatment effect on PFS that could be accounted for by the
variables included in the models. The value for the proportion of treatment effect explained generally lies between
0, indicating a poor surrogate to explain the treatment effect, and 1, indicating a perfect surrogate [28,29].

The surrogacy of the three-variable model, the two-variable model, the model based on SLDr and PFS alone
were compared at patient visits at weeks 12, 24, 36, 48 and 72.
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Figure 2. CT images of patients with lesions demonstrating high heterogeneity and low heterogeneity at baseline
and week 12. (A) CT scans of lesions demonstrating low response heterogeneity at baseline and week 12. The
response heterogeneity value, calculated as the SD of the LDr of the target lesions, was 0.01 for this patient. (B) CT
scans of lesions demonstrating high response heterogeneity at baseline and week 12. The response heterogeneity
value was 0.11 for this patient.
CT: Computerized tomography; LDr: Longest diameter ratio; SD: Standard deviation.
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Table 1. Baseline demographics and patient disease characteristics for the patients in the RAISE response
heterogeneity analysis.
Variable Lanreotide (n = 69) Placebo (n = 79)

Male, n (%) 31 (44.9) 40 (50.6)

Prior treatment for NET, n (%) 9 (13.0) 6 (7.6)

Origin of NET, n (%)

Pancreas 26 (37.7) 35 (44.3)

Midgut 25 (36.2) 31 (39.2)

Hindgut 7 (10.1) 3 (3.8)

Unknown or other 11 (15.9) 10 (12.7)

Progressed at baseline, n (%) 0 0

Tumor grade, n (%)

Grade 1: Ki-67 0–2% 45 (65.2) 55 (69.6)

Grade 2: Ki-67 3–10% 24 (34.8) 22 (27.8)

Missing data, n (%) 0 2 (2.5)

Number of lesions at week 12, mean (IQR), range 4.6 (3.0–5.0), 2–10 4.8 (3.0–6.0), 2–10

Baseline demographics and patient disease characteristics from the subset of patients enrolled in CLARINET with multiple lesions who were therefore eligible for the analysis of
response heterogeneity in RAISE. Patients generally had stable disease; no patients in either treatment arm had disease which had progressed at baseline between 3 to 6 months
before randomization. Ki-67 index data were missing for two patients in the placebo group.
IQR: Interquartile range; NET: Neuroendocrine tumor.

Table 2. Response heterogeneity and NET progression at patient visits over 72 weeks in the subset of patients with
multiple lesions enrolled in CLARINET.
Visit Week 12 Week 24 Week 36 Week 48 Week 72

Number of patients 148 131 108 90 70

Mean value for response heterogeneity 0.05 0.08 0.09 0.09 0.09

SD 0.06 0.07 0.08 0.07 0.07

HR for response heterogeneity 1.48 1.39 1.72 1.38 1.71

95% CI 1.20–1.82 1.14–1.69 1.32–2.24 0.98–1.94 0.87–3.36

p-value �0.001 0.001 �0.001 0.063 0.120

HR for response heterogeneity with control for SLDr 1.28 1.45 1.81 0.92 1.30

95% CI 1.04–1.59 1.07–1.95 1.20–2.72 0.62–1.36 0.63–2.68

p-value 0.020 0.016 0.005 0.683 0.477

A Cox regression analysis stratified by the number of lesions evaluated the association between response heterogeneity at weeks 12, 24, 36, 48 and 72 and progression after
that timepoint. p-values for response heterogeneity have been reported alone and with SLDr as a control covariate.
CI: Confidence interval; HR: Hazard ratio; NET: Neuroendocrine tumor; SD: Standard deviation; SLDr: Sum of longest diameter ratio.

Results
Patient disposition & baseline characteristics
The analysis of response heterogeneity was restricted to the subset of patients enrolled in CLARINET with multiple
lesions (N = 148) who were randomized to receive either lanreotide (n = 69) or placebo (n = 79), representing
72.5% of the total CLARINET population.

Baseline demographics and disease characteristics were balanced across treatment groups in this patient subset
(Table 1). Of these patients, 61 (41.2%) had NETs that originated in the pancreas, 56 (37.8%) had NETs that
originated in the midgut, and 10 (6.8%) had NETs that originated in the hindgut. In total, 100 patients (67.6%)
had Grade 1 NETs and 46 patients (31.1%) had Grade 2 NETs, based on Ki-67 proliferative activity. Ki-67 index
data were missing for two patients in the placebo group.

Assessment of response heterogeneity & NET progression
At week 12, the mean value for response heterogeneity in the included patients was 0.05 (SD: 0.06; n = 148). By
week 24, the value for response heterogeneity was higher, at 0.08 (SD: 0.07; n = 131), Table 2. Values for response
heterogeneity at weeks 36, 48, and 72 were 0.09 (SD: 0.08; n = 108), 0.09 (SD: 0.07; n = 90) and 0.09 (SD: 0.07;
n = 70), respectively.
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Figure 3. Reported c-index values for the prediction of PFS for the three-variable model, the two-variable model
and SLDr alone at patient visits through 72 weeks. C-index values are reported for the prediction of PFS in the subset
of patients with multiple lesions enrolled in CLARINET at patient visits at weeks 12, 24, 36, 48 and 72 for the entire
subset. The figure shows the comparison between the three-variable model (incorporating response heterogeneity
with SLDr and change from baseline in logCgA), the two-variable model (combining SLDr and change from baseline
in logCgA) and SLDr alone.
CgA: Chromogranin A; PFS: Progression-free survival; SLDr: Sum of longest diameter ratio.

A Cox regression analysis demonstrated that greater response heterogeneity was associated with faster progression.
The reported hazard ratio (HR) for response heterogeneity at week 12 was 1.48 (95% CI: 1.20–1.82; p < 0.001
n = 148). This value was greater by week 36, at 1.72 (95% CI: 1.32–2.24; p < 0.001; n = 108). The HR with
control for SLDr was 1.28 (95% CI: 1.04–1.59; p = 0.020) at week 12, with a greater value of 1.81 (95% CI:
1.20–2.72; p = 0.005) reported at week 36 (Table 2). This relationship was maintained both when SLDr was
included in or excluded from the model as a covariate (Table 2), but was weaker at later patient visits.

Assessment of the influence of response heterogeneity in the prediction of PFS
At week 12, all three models demonstrated similar performance. The three-variable model achieved a c-index value
of 0.75 for the prediction of PFS, compared with c-index values of 0.74 (two-variable model) and 0.73 (SLDr
alone; Figure 3). By week 36, the c-index value of the three-variable model for the prediction of PFS was 0.82, which
was greater than that achieved by the two-variable model (0.79) and the model based on SLDr alone (0.80). At
week 72, the three-variable model and the two-variable model demonstrated similar model performance, achieving
c-index values of 0.84 and 0.85, respectively. However, performances of both of these models were greater than that
of the model based on SLDr alone, which achieved a c-index value of 0.77 for the prediction of PFS at week 72.

Assessment of surrogacy of the models & PFS alone
Surrogacy of the three-variable model at week 24 (0.72) was similar to that of the two-variable model (0.75) but
greater than surrogacy of the model based on SLDr (0.41; Figure 4). PFS alone at week 24 was not shown to be
predictive of PFS at later visits.

Surrogacy of each of the three models and PFS alone increased at each patient visit through to week 72. At week
72, the values of the proportion explained metric for the three-variable model (0.89) and the two-variable model
(0.91) were greater than those achieved by the model based on SLDr (0.82), and PFS alone (0.77).

Discussion
Early detection of progression in patients with NETs is crucial to avoid ineffective treatment and to guide treatment
adaptation. The utility of tumor size-based RECIST is limited in the assessment of treatment efficacy in slow-
growing NETs, where treatment response to targeted therapy often takes the form of disease stabilization rather
than tumor shrinkage [15]. Given the limitations of RECIST, there is a need for additional informative parameters.
In RAISE, the presence of response heterogeneity (the coexistence of responding and non-responding lesions
in the same patient) emerged as a secondary finding. Response heterogeneity was then further investigated as a
biomarker for the prediction of PFS in a subset of patients with enteropancreatic NETs from the CLARINET study
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Figure 4. Surrogacy of the three-variable and two-variable models, and SLDr and PFS alone, at patient visits
through 72 weeks. Surrogacy of the models was evaluated by the proportion explained metric. This metric quantifies
the proportion of treatment effect on PFS that could be accounted for by the variables included in the models (SLDr,
change from baseline in logCgA, response heterogeneity) and SLDr and PFS alone at earlier timepoints. The figure
shows surrogacy of the three-variable model (incorporating response heterogeneity with SLDr and change from
baseline in logCgA), the two-variable model (combining SLDr and change from baseline in logCgA), and SLDr and PFS
alone at patient visits at weeks 12, 24, 36, 48 and 72.
CgA: Chromogranin A; PFS: Progression-free survival; SLDr: Sum of longest diameter ratio.

(n = 148/204). This extension to the RAISE project demonstrates ongoing efforts to improve timely adaptation of
treatment strategies for these patients.

In this investigation, response heterogeneity between different metastatic lesions was found to be associated with
tumor progression. This finding is consistent with previous reports, which indicated that response heterogeneity is
an independent, unfavorable prognostic factor for PFS in patients with non-small-cell lung cancer (NSCLC), and
in patients with solid tumors treated with immunotherapy [30,31]. These results suggest that response heterogeneity
may provide further clinical value than is currently afforded by RECIST, through determining the likelihood of
poor patient outcomes without relying on tumor size-based criteria. The association with tumor progression was
present both with and without the SLDr covariate. This finding is significant given the known pertinence of the
SLDr, which is used in RECIST to define treatment response in patients with NETs [13,14]. However, the association
was weaker at later patient visits, possibly due to the sample size being more than 50% smaller at week 72 (n = 70)
compared with the initial evaluation (n = 148), as disease progression in patients led to their withdrawal from the
trial.

Performance of the three-variable model (combining response heterogeneity with the clinical features logCgA
and SLDr) was similar to that of the two-variable model (based on clinical features alone), both in the prediction
of PFS and in model surrogacy. These findings are consistent with reports suggesting that baseline plasma CgA
level is a predictor of overall survival [32]. However, it remains controversial as to whether changes in CgA reflect
tumor response to treatment [33], given the numerous other pathological processes which can lead to an increase
in CgA concentration, resulting in confusion and diagnostic difficulties [34]. The inhibitory effect of lanreotide on
CgA secretion may explain the increased performance of both the three-variable and the two-variable model in
the lanreotide arm versus the placebo arm. This improved performance in the lanreotide arm of both models was
likely due to the inclusion of CgA, rather than the inclusion of response heterogeneity (present in the three-variable
model only). These findings from RAISE validate the significance of CgA in the clinical evaluation of patients with
enteropancreatic NETs, suggesting that this plasma marker may hold greater value in the prediction of PFS than
response heterogeneity in an SSA-naive population with slow to moderate tumor growth. This investigation also
builds on the identification of TGR as a valuable indicator of tumor progression by Dromain et al. [35]. Indeed, in
this study the potential for surrogacy of SLDr, as an equivalent for TGR, was considered alongside the performance
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of other biomarkers, such as logCgA and response heterogeneity, in the prediction of PFS. Overall, incorporating
the response heterogeneity output into the model was not found to benefit early prediction of PFS in patients with
enteropancreatic NETs, compared with clinical features alone.

In RAISE, response heterogeneity was considered to be a continuous variable, estimated using the SD of the
LDr of target lesions. This definition is more appropriate in the assessment of NETs, which are slow-growing, than
previous definitions, which are unlikely to identify response heterogeneity in these patients.

Our investigation therefore differs from other similar recent studies, in which response heterogeneity in tumors
has been described more strictly in line with RECIST [30,36], or through changes in metabolic responses of
lesions [25,37,38]. For example, Dong et al. evaluated the response to epidermal growth factor receptor-tyrosine
kinase inhibitors or chemotherapy in patients with NSCLC [30]. Three types of response heterogeneity were
defined: a mixed response between primary and metastatic lesions (43.4%); a mixed response between primarily
targeted lesions and new lesions (34.0%); and a mixed response between separated metastatic lesions (22.6%) in
situations where the primary lesion was removed. These definitions are consistent with a separate investigation
into tumor heterogeneity in patients with chemorefractory metastatic colorectal cancer treated with sorafenib and
capecitabine; in this study, metabolic response was measured using fluorodeoxyglucose (FDG)-positron emission
tomography (PET) to detect tumor heterogeneity in a whole-body tumor load [39]. Both investigations differ to our
study, in which response heterogeneity was determined using changes in lesion size, only metastatic lesions located
in the same organ were considered, new lesions were excluded, and the effect of only one treatment was examined.

Moreover, in RAISE, response heterogeneity was measured using CT imaging data from patients in CLARINET
whose lesions were classified on somatostatin receptor scintigraphy [23]. Somatostatin receptor imaging by single
photon emission CT (SPECT) or PET is an efficient diagnostic tool for patients with NETs that is thought to
cope well with tumor heterogeneity, by incorporating metabolic imaging features known to be correlated with
tumor grade [40]. However, this imaging method was not used in the CLARINET trial, and therefore could
not be used to assess response heterogeneity in this study [23,40,41]. Recently, texture analysis using skewness and
kurtosis of lesions on pre-treatment 68Ga DOTA-TATE PET/CT has been shown to be capable of predicting
treatment responsiveness to PRRT in patients with NETs [42]. Further investigation using somatostatin receptor
SPECT/PET or 68Ga DOTA-TATE PET/CT imaging in patients with NETs may increase the strength of the
response heterogeneity signal detected and help to detect it earlier.

Eligible patients for RAISE were a subset of those enrolled in the CLARINET study with multiple lesions.
Patients in CLARINET generally had homogenous and stable disease according to RECIST 1.0; almost all patients
in CLARINET did not have disease progression in the 3 to 6 months before randomization (96%) [23], and in
this analysis of response heterogeneity, no included patients had disease progression at baseline. Additionally, the
majority of patients in the subset assessed for response heterogeneity in RAISE had Grade 1 pancreatic NETs.
In the wider NET population, patients tend to have disease with varying degrees of tumor aggressiveness [43,44].
Response heterogeneity may correlate with a different clinical phenotype in the wider patient population, and may
be expected to be greater in patients with tumors with higher proliferative activity. This analysis was also limited by
the low number of patients, which prevented separate analysis of response heterogeneity in patients with Grade 1
and Grade 2 NETs and in patients with midgut and pancreatic NETs, which is pertinent considering that median
overall survival in patients with NETs reportedly varies according to tumor site, grade, and stage [45]. Furthermore,
this study has not been reproduced in another independent cohort, and no sensitivity analysis was performed to
compare the potential of response heterogeneity for the prediction of PFS in the 148 patients from CLARINET
who were included in this analysis with the 56 who were not. Such analyses may have improved support for the
reproducibility of these findings in other patient populations. Future work assessing heterogeneity of response in a
different real-world population of patients with NETs of varying location, grade and stage may help to determine
the usefulness of this biomarker in the assessment of PFS. In addition, further studies assessing the predictive
performance of response heterogeneity alone, or in comparison with RECIST or Choi criteria, would be useful to
determine the value of response heterogeneity as an imaging biomarker for patients with NETs, both as a standalone
assessment and compared with currently available imaging criteria.

Conclusion
We found that response heterogeneity may be a predictor of PFS in patients with enteropancreatic NETs, indepen-
dent of other markers of progression such as the SLDr of lesions. This predictive performance is based on features
impacted by treatment and allows monitoring of ongoing enteropancreatic NET evolution.

future science group www.futuremedicine.com 2179



Short Communication Dromain, Pavel, Ronot et al.

These findings warrant further validation of response heterogeneity as a biomarker for the prediction of PFS
in a different group of patients with NETs, who are more representative of the general NET population with a
heterogeneous disease course, and in patients receiving treatments other than lanreotide. The SD of the LDr is
not a straightforward measure for clinicians to calculate in their daily practice, which may limit the widespread
application of response heterogeneity as a predictive biomarker. A clearer and more uniform definition of response
heterogeneity, with a cut-off threshold to assign greater clinical value to this metric, may improve the applicability
of these findings.

Summary points

• Neuroendocrine tumors (NET) are rare, diverse, slow-growing tumors, often distinguished and classified by their
site of origin, functional status, and degree of proliferation and differentiation.

• Systemic treatment options for patients with advanced and metastatic NETs have grown in recent years. Despite
this, few biomarkers exist to help predict prognosis and guide treatment decisions.

• Response Evaluation Criteria in Solid Tumors (RECIST) is commonly used to determine treatment response in NETs.
However, RECIST does not account for the wide variation in the clinical and biological presentation of NETs,
including in tumor growth, secretory capacity and anatomical localization. As such, there is a need for a more
informative biomarker that is better suited to NETs.

• The RAISE project aimed to harness the emerging promise shown by artificial intelligence and deep learning
concepts in precision and personalized medicine, and in tumor grading in NETs, to create a multimodal surrogate
end point for RECIST using clinical data and imaging biomarkers.

• Response heterogeneity has been previously defined, based on RECIST, as the coexistence of responding and
non-responding target lesions in the same patient. During the RAISE project, response heterogeneity observed in
computerized tomography scans was hypothesized to be important in understanding treatment response in
patients with NETs. The potential of response heterogeneity as a biomarker for earlier progression-free survival
(PFS) prediction was investigated, using a new definition of response heterogeneity for assessing slow-growing
NETs.

• This study included a subset of patients from the CLARINET phase III trial (NCT00353496) with multiple lesions
(N = 148/204), who were randomized to receive either lanreotide (n = 69) or placebo (n = 79).

• Cox regression analyses evaluated the predictive value of response heterogeneity in the prediction of PFS,
assessed both with inclusion and exclusion of sum of longest diameter ratio (SLDr) as a covariate in the Cox
model. These analyses demonstrated that greater response heterogeneity was associated with faster progression:
at week 12, hazard ratio (HR) = 1.48 (95% CI: 1.20–1.82; p < 0.001; n = 148); at week 36, HR = 1.72 (1.32–2.24; p
< 0.001; n = 108). With control for SLDr: at week 12, HR = 1.28 (95% CI: 1.04–1.59; p = 0.020); at week 36,
HR = 1.81 (95% CI: 1.20–2.72; p = 0.005).

• The surrogacy (or ability of the models to predict PFS) of the three-variable model (combining response
heterogeneity, change from baseline in logarithmically transformed CgA [logCgA] and SLDr) compared with the
two-variable model (SLDr and logCgA) versus SLDr alone was assessed using the proportion explained metric. At
week 24, surrogacy of the three-variable model (0.72) was similar to that of the two-variable model (0.75), but
greater than that of SLDr alone (0.41). At week 24, PFS alone was not predictive of PFS at week 96.

• Overall, it was found that response heterogeneity may be a predictor of PFS in patients with enteropancreatic
NETs, independent of other markers of progression such as the SLDr of lesions. This predictive performance is
based on features impacted by treatment and allows monitoring of ongoing tumor evolution.
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