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Abstract

RECIST 1.1 criteria are commonly used with computed tomography (CT) to evaluate

the efficacy of systemic treatments in patients with neuroendocrine tumors (NETs)

and liver metastases (LMs), but their relevance is questioned in this setting. We

aimed to explore alternative criteria using different numbers of measured LMs and

thresholds of size and density variation. We retrospectively studied patients with

advanced pancreatic or small intestine NETs with LMs, treated with systemic treat-

ment in the first-and/or second-line, without early progression, in 14 European

expert centers. We compared time to treatment failure (TTF) between responders

and non-responders according to various criteria defined by 0%, 10%, 20% or 30%

decrease in the sum of LM size, and/or by 10%, 15% or 20% decrease in LM density,

measured on two, three or five LMs, on baseline (≤1 month before treatment initia-

tion) and first revaluation (≤6 months) contrast-enhanced CT scans. Multivariable

Cox proportional hazard models were performed to adjust the association between

response criteria and TTF on prognostic factors. We included 129 systemic
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treatments (long-acting somatostatin analogs 41.9%, chemotherapy 26.4%, targeted

therapies 31.8%), administered as first-line (53.5%) or second-line therapies (46.5%)

in 91 patients. A decrease ≥10% in the size of three LMs was the response criterion

that best predicted prolonged TTF, with significance at multivariable analysis

(HR 1.90; 95% CI: 1.06–3.40; p = .03). Conversely, response defined by RECIST 1.1

did not predict prolonged TTF (p = .91), and neither did criteria based on changes in

LM density. A ≥10% decrease in size of three LMs could be a more clinically relevant

criterion than the current 30% threshold utilized by RECIST 1.1 for the evaluation of

treatment efficacy in patients with advanced NETs. Its implementation in clinical tri-

als is mandatory for prospective validation. Criteria based on changes in LM density

were not predictive of treatment efficacy.

Clinical Trial Registration: Registered at CNIL-CERB, Assistance publique hopitaux

de Paris as “E-NETNET-L-E-CT” July 2018. No number was assigned. Approved by

the Medical Ethics Review Board of University Medical Center Groningen.
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1 | INTRODUCTION

Digestive well-differentiated neuroendocrine tumors are relatively

rare neoplasms with increasing incidence.1 While they can arise from

all the digestive system, gastroenteropancreatic neuroendocrine

tumors (GEP-NETs) are among the most frequent localizations. Most

small intestine and pancreatic NETs are associated with distant metas-

tases, mainly liver metastases (LMs).2

Because surgical resection of LMs is rarely feasible with curative

intent, almost all patients with NET-associated LMs receive systemic

therapies.2–4 During the last decades, several therapies have demon-

strated antitumor efficacy in randomized controlled trials performed in

this setting, including long-acting somatostatin analogs (SSAs) (lanreo-

tide and octreotide),5,6 everolimus,7,8 sunitinib in pancreatic NETs9 and

peptide-radionuclide receptor therapy (PRRT) in midgut NETs.10 In

addition, chemotherapy, predominantly based on alkylating-based com-

binations, remains a cornerstone of treating NET-associated LMs,

mainly from pancreatic origin.11,12 Evaluation of the efficacy of sys-

temic treatments for GEP-NETs currently relies on Response Evaluation

Criteria in Solid Tumors (RECIST 1.1),13 both for daily practice and clini-

cal studies.4,14 The RECIST-defined objective response consists in a

reduction above or equal to 30% of the sum of the greater diameter of

two target lesions as documented on computed tomography (CT) scans

performed during follow-up, in comparison with baseline scans.13

However, RECIST criteria have not been specifically validated in

patients with metastatic GEP-NETs and are challenged in this

setting.14–16 First, the optimal percent of decrease in the size of NET-

associated LMs to define response has not been properly explored.

GEP-NETs are characterized by generally slow growth, highly vascu-

larized lesions and the fact that most treatments may have more cyto-

static than cytotoxic antitumor effects. Hence, the 30% threshold of

size variation defining objective response according to RECIST criteria

is rarely reached, contrasting with generally prolonged tumor con-

trol.16,17 In addition, the optimal number of target LMs to be mea-

sured has not been clearly defined. Because different LMs can often

have discordant evolution, the relevance of considering only two tar-

get lesions can be questioned. Finally, most NET-associated LMs typi-

cally show high vascularization. Treatments (mainly targeted therapy)

frequently induce a decrease in tumor density measured on CT, which

is thought to be related to LM necrosis. Density-related response cri-

teria, initially reported for gastrointestinal stromal tumors (Choi cri-

teria) and hepatocellular carcinoma (mRECIST),18,19 might have a role

in the evaluation of NET response to systemic therapies.15

We aimed to explore criteria alternative to RECIST 1.1, using differ-

ent numbers of measured LMs and thresholds of size and density varia-

tion, for the early evaluation of objective response to systemic therapies

in patientswith advanced pancreatic or small intestine NETs and LMs.

2 | METHODS

2.1 | Patients

We conducted a retrospective, international study under the auspices

of the European Neuroendocrine Tumor Society (ENETS), in 14 cen-

ters specialized in the management of NETs among 50 centers initially

solicited (Figure 1).

Each participating center was asked to include 12 patients.

Patients could be included if they had a sporadic NET of pancreatic or

small intestine origin, associated with LMs measurable on CT, and trea-

ted with at least one first-line systemic therapy. All GEP-NETs had to

be histologically proven, well-differentiated and of any grade (G1, G2
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or G3) by local review, following pathological consensus guidelines.20,21

Patients with neuroendocrine carcinoma and NET from other primary

sites and those with genetic predisposition were not eligible. The

choice of patients to include was left at the discretion of local investiga-

tors, with no obligation to include consecutive patients.

The systemic treatments eligible for analyses included SSAs (lan-

reotide and octreotide), everolimus, sunitinib, chemotherapy or PRRT,

received in the first- or second-line. Treatment dose reduction up to

30% (or 50% for everolimus) was allowed. Patients who received any

locoregional treatment (such as transarterial embolization or transcu-

taneous ablation) before or during systemic therapy were excluded.

Of note, observations with treatments using PRRT were secondarily

excluded due to the limited number of patients (n = 8).

A minimal number of two LMs monitored was mandatory for ana-

lyses. The monitoring of treatment efficacy had to rely on contrast-

enhanced CT with arterial and portal phases, performed at baseline

and during regular follow-up. Observations with systemic treatments

were excluded from the analyses in case radiological data were either

incomplete or did not rely on CT, if baseline (pretherapeutic) CT was

performed more than one month before treatment initiation, or if the

first evaluation CT was performed more than six months after base-

line imaging or showed early tumor progression by RECIST 1.1.

This study was performed according to the Helsinki convention. The

study protocol of this retrospectivemedical research was approved by the

Medical Ethics Review Board of University Medical Center Groningen,

and ethics or audit committees at each institution, wherever required.

2.2 | Data collection

Anonymized data were retrospectively collected in each center, includ-

ing primary tumor origin, ECOG performance status, functioning syn-

drome, Ki-67 index and tumor grade according to the 2019 WHO

classification.20 Percent of metastatic liver involvement was classified as

1%–10%, 11%–25%, 26%–50% or >50%.22 The beginning and end dates

of each treatment, and the reason for treatment discontinuation (pro-

gression, toxicity) were collected. We collected the date of treatment

failure, defined in local expert tumor boards of each center, according to

clinical, biological andmorphological criteria per RECIST 1.1.

2.3 | CT analysis

All CT scan images were reviewed locally by experienced radiologists,

using the same standardized analysis protocol. It was decided not to

centralize morphological evaluation in order to reflect real-life setting,

and because all participating institutions were high-volume ENETS

Centers of Excellence involving highly specialized radiologists.

At least two, and ideally up to five target LMs, were defined on base-

line CT scans for each patient. Target lesions were selected based on their

size (those with the longest diameter; the minimal size of 10 mm recom-

mended) and their suitability for accurate repeated measurements (the

more clearly delineated and easy to locate in the liver) andwere numbered

by order of increasing suitability (i.e., T1 to T5). The largest diameter

(mm) of each target lesion, as well as the density (in Hounsfield units [HU])

of the twomain target lesions (T1 and T2) weremeasured on each CT per-

formed at baseline and during the follow-up under the first- and second-

line systemic therapy. LM density was measured on both arterial and por-

tal venous phases, on the same CT slice as the one used for size measure-

ment, using a manually drawn region of interest covering the whole lesion

(i.e., not restricted to any central, hypodense portion).

2.4 | Statistical analyses

We defined various objective response criteria, considering different

numbers of target LMs (2, 3 or 5), thresholds of percent decrease in

the sum of the size of the target LMs (0%, 10%, 20% or 30%), and

F IGURE 1 Flow chart of the study.
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percent decrease in LM density (10%, 15% or 20%, measured as the

mean of the density of 2 LMs on arterial or portal phase of contrast-

enhanced CT). Those response criteria were measured on the CT

corresponding to the first evaluation (within 6 months following treat-

ment initiation), compared to the baseline CT, for each distinct sys-

temic treatment line.

Our primary endpoint was time to treatment failure (TTF), defined

as the time elapsed between the first evaluation and the failure of sys-

temic treatment. Treatment failure was assessed by the local expert

tumor boards of each center according to the same guidelines using

clinical and biological criteria, and morphological evolution of hepatic

but also extra-hepatic disease (which was not measured specifically

for this study, hence hindering assessment of progression-free sur-

vival) per RECIST 1.1.

Continuous and categorical variables were described by calculat-

ing their medians (interquartile 25–75) and frequencies (percentages),

respectively. TTF according to each criterion was estimated using the

Kaplan–Meier method and was described by median with 95% confi-

dence interval. TTF was compared between patients classified as

“responders” or “non-responders” according to each objective

response criterion using log-rank tests and univariable Cox propor-

tional hazard models.

The impact on TTF of OR criteria with a p-value <.10 in univariable

analyses was further explored in multivariable Cox models, adjusted

for primary NET (pancreas vs. small bowel), type of systemic treatment

(SSAs, chemotherapies or targeted therapies), treatment line (first- or

second-line), presence of functioning syndrome and tumor grade.

In addition, univariable sensitivity analyses were performed for

treatments with five LMs measured only. Moreover, subgroup ana-

lyses corresponding to the three types of systemic treatment (SSAs,

chemotherapies or targeted therapies) were performed.

3 | RESULTS

3.1 | Patients and treatments included in the study

Among 50 expert centers initially solicited, 23 did not answer and

13 others declined because patient follow-up was routinely per-

formed using magnetic resonance imaging (MRI), or because previ-

ously performed imaging data was not available for local review.

Among the 14 participating centers, 159 patients with pancreatic or

small intestine NET and LMs were screened for eligibility, accounting

for 268 different treatment lines. Among them, 139 treatment lines

were excluded, mainly because baseline or first evaluation CT were

performed too early or too late regarding treatment initiation, respec-

tively (95/268, 35.4%) (Figure 1).

Overall, 129 systemic treatments, performed at first-line (53.5%)

or in the second-line (46.5%), were included in the analyses. These

treatments consisted of long-acting somatostatin analogs, chemother-

apy or targeted therapies in 54 (41.9%), 34 (26.4%) and 41 (31.8%) of

cases, respectively (Table 1). The median number of cycles adminis-

tered was 10, with dose reductions in 13.9% of cases. Primary NET

originated from the pancreas or small intestine in 55.8% and 44.1% of

cases, respectively, and was associated with a functioning syndrome

in 32.5% of cases. Median Ki-67 was 5% and most GEP-NETs were

classified as G2 (59.7%) or G1 (31%). Metastatic liver involvement

was above 25% in 32.6% of cases.

3.2 | Treatment discontinuation and TTF

The most frequent reasons for treatment discontinuation were pro-

gression (n = 96, 74.4%), therapeutic pause (n = 13, 10.1%) and unac-

ceptable toxicity (n = 10, 7.8%). Overall, treatment failure occurred in

TABLE 1 Characteristics of the 129 treatment lines included in
the analyses.

Treatment line, n (%)

First-line 69 (53.4)

Second-line 60 (46.5)

Type of treatment, n (%)

Long-acting somatostatin analogs 54 (41.9)

Chemotherapy 34 (26.4)

Everolimus 32 (24.8)

Sunitinib 9 (6.98)

Number of cycles, median (IQR) 10 (6–14.8)

Dose reduction, n (%) 18 (13.9)

Primary NET, n (%)

Small intestine 57 (44.1)

Pancreas 72 (55.8)

Functioning NET, n (%) 42 (32.5)

Carcinoid syndrome 32 (24.8)

Insulinoma 2 (1.6)

ViPoma 2 (1.6)

Other 6 (4.7)

Performance status at baseline

PS-0 77 (59.7)

PS-1 52 (40.3)

Ki-67 index (%), median (IQR)a 5 (2–10)

WHO grade 2019, n (%)

Grade 1 (Ki-67 < 3%) 40 (31.0)

Grade 2 (3 ≤ Ki-67 ≤ 20%) 77 (59.7)

Grade 3 (Ki-67 > 20%) 8 (6.2)

Not available 4 (3.1)

Liver metastatic involvement, n (%)

0%–10% 42 (32.6)

11%–25% 28 (21.7)

26%–50% 21 (16.3)

>50% 21 (16.3)

Not available 17 (13.2)

aFour missing values.
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83.7% of cases. Median TTF from the first evaluation CT was

9.5 months (95% CI: 7.2–11.9) (Figure 2). The 6-, 12- and 24-month

rates of survival without treatment failure from the first evaluation

were 66% (95% CI: 58.2–74.8), 38.1% (95% CI: 30.2–48.2) and 17.8%

(95% CI: 11.7–27.0), respectively.

The median global TTF from treatment initiation was 12.5 months

(95% CI: 10.5–15.1). The 6-, 12- and 24-month rates of survival without

treatment failure from treatment initiation were 82.8% (95% CI: 76.5–

89.6), 52.4% (95% CI: 44.3–62.1) and 24.4% (95% CI: 17.5–34.1),

respectively.

3.3 | Association of size-based OR criteria
with TTF

Objective response was assessed by measuring the variation in size of

two, three or five LMs, for 129 (100%), 103 (79.8%) and 92 (71.3%)

distinct systemic treatments, respectively (Table 2). The median size

of target lesions was 23 mm (IQR, 16–38), with 96% of lesions mea-

suring 1 cm or above.

When measuring two LMs (T1 and T2), responders defined by a

decrease in size ≥30% between baseline and first evaluation CT (corre-

sponding to RECIST 1.1 definition) were not associated with longer TTF

compared to non-responders (p = .91) (Figure 3A). Moreover, responders

defined by a decrease in size ≥20% or ≥10% of two LMs between base-

line and first evaluation CT were not associated with more prolonged

TTF compared to non-responders (p = .41 and p = .35, respectively),

while responders defined by a decrease in size ≥0% were associated with

a nonsignificant improvement of TTF (p = .09) (Figure 3B).

When measuring three LMs (T1–T3), responders defined by a

decrease in size ≥30% or ≥20% were not associated with more pro-

longed TTF compared to non-responders (p = .43 and p = .88,

respectively), while responders defined by a decrease in size ≥10% or

≥0% were associated with a nonsignificant improvement of TTF

(p = .10 and p = .052, respectively) (Figure 3C,D).

Similarly, when measuring five LMs (T1–T5), responders defined

by a decrease in size ≥30% or 20% were not associated with more

prolonged TTF compared to non-responders (p = .34 and p = .70,

respectively), while responders defined by a decrease in size ≥10% or

≥0% were associated with a nonsignificant improvement of TTF

(p = .13 and p = .0502, respectively) (Figure 3E,F).

As more than two LMs could not be measured in all patients, these

analyses were also performed in the subgroup of treatments with five LMs

measured, as a sensitivity analysis (Table S1). Similar results were found,

that is, RECIST criteria were not associated with TTF, while the strongest

F IGURE 2 Estimation of time to treatment failure achieved by
129 first- or second-line systemic treatments administered in
91 patients with pancreas or small intestine neuroendocrine tumors
and liver metastases.

TABLE 2 Association (hazard ratio) of various criteria of objective response based on the variation of the size of two, three or five liver
metastases, with time to treatment failure for 129 systemic treatments.

Definition of objective

response

Number of liver metastases measured

n = 2 (n = 129) n = 3 (n = 103) n = 5 (n = 92)

Decrease in size ≥ 30%(RECIST13) HR 0.96 HR 1.50 HR 1.76

95% CI: 0.42–2.19 95% CI: 0.55–4.11 95% CI: 0.55–5.59

p = .91 p = .43 p = .34

Decrease in size ≥ 20% HR 1.35 HR 0.95 HR 1.16

95% CI: 0.66–2.79 95% CI: 0.49–1.84 95% CI: 0.56–2.41

p = .41 p = .88 p = .70

Decrease in size ≥ 10% HR 1.25 HR 1.59 HR 1.61

95% CI: 0.79–1.97 95% CI: 0.92–2.75 95% CI: 0.87–2.99

p = .35 p = .10 p = .13

Decrease in size ≥0% HR 1.40 HR 1.54 HR 1.60

95% CI: 0.95–2.07 95% CI: 1.00–2.39 95% CI: 1.00–2.57

p = .09 p = .052 p = .0502
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F IGURE 3 Legend on next page.
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associations with TTF remained for decrease in size ≥10% or ≥0%, mea-

sured on three (p = .09 and p = .04, respectively) liver metastases.

3.4 | Multivariable analyses

On multivariable Cox proportional hazard analyses, adjusted for primary

NET, type of systemic treatment, treatment line, presence of functioning

syndrome and tumor grade, three objective response criteria were signif-

icantly associated with the risk of treatment failure: decrease ≥10% in

the size of three LMs (HR 1.90; 95% CI: 1.06–3.40; p = .03), decrease

≥10% in the size of five LMs (HR 2.10; 95% CI: 1.04–4.21; p = .04) and

decrease ≥0% in the size of three LMs (HR 1.66; 95% CI: 1.03–2.70,

p = .04) (Table 3). The criteria defined by decrease ≥10% in the size of

three LMs had the strongest statistical significance (Figure 4).

3.5 | Association of density-based response
criteria with TTF

Because NETs are classically highly vascularized neoplasms, we evalu-

ated the relevance of density-based response criteria, by measuring

F IGURE 3 Estimation of time to treatment failure in responders and non-responders according to various objective response criteria, defined
as a variation in tumor size in comparison with baseline. (A) ≥30% measured on two liver metastases (RECIST 1.1 criteria); (B) ≥0% measured on
two liver metastases; (C) ≥10% measured on three liver metastases; (D) ≥0% measured on three liver metastases; (E) ≥10% measured on five liver
metastases; (F) ≥0% measured on five liver metastases.

TABLE 3 Multivariable Cox proportional hazard analysis exploring the association between criteria of response and the risk of treatment
failure.

Definition of objective response

Multivariate analysis

HR (for absence of response) 95% CI p-value

Decrease in size ≥0%, measured on 2 LMs 1.49 0.98–2.25 .06

Decrease in size ≥ 10%, measured on 2 LMs 1.34 0.82–2.18 .24

Decrease in size ≥0%, measured on 3 LMs 1.66 1.03–2.70 .04

Decrease in size ≥ 10%, measured on 3 LMs 1.90 1.06–3.40 .03

Decrease in size ≥0%, measured on 5 LMs 1.65 0.98–2.81 .06

Decrease in size ≥ 10%, measured on 5 LMs 2.10 1.04–4.21 .04

Note: Each response criteria were tested in one separate multivariable Cox model, adjusted for primary NET (pancreas vs. small intestine), type of systemic

treatment (chemotherapy vs. targeted therapy vs. somatostatin analogs), treatment line (first- vs. second-line), presence of functioning syndrome and

tumor grade (G1 vs. G2 vs. G3). Bold values denote statistical significance at the p < 0.05 level.

Abbreviations: HR, hazard ratio; LM, liver metastases.

F IGURE 4 Forest plot of the multivariate analysis of time to treatment failure. After adjustment on potentially cofounding factors, the
alternative response criteria (decrease in size ≥10%, measured on 3 liver metastases) was independently associated with significantly prolonged
time to treatment failure. PR, partial response.
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the variation in density of two LMs (T1 and T2), on arterial phase or

portal venous phase, for 115 (89.1%) and 118 (94.4%) distinct sys-

temic treatments, respectively (Table 4).

Responders defined by a decrease in tumor density ≥20% or

≥10% were not associated with more prolonged TTF compared to

non-responders, whenever it was measured on either arterial phase

(p = .80 and p = .47, respectively) or portal phase (p = .99 and

p = .92, respectively).

Similarly, responders defined by a decrease in LM density ≥ 15%

and/or a decrease in size ≥10% were not associated with longer TTF

compared to non-responders, whenever it was measured on either

arterial phase (p = .90) or portal phase (p = .60, corresponding to

Choi criteria18).

4 | DISCUSSION

In this study, we highlight that RECIST 1.1 criteria may not be appro-

priate to measure the response of NET-associated LMs treated with

systemic therapies. Otherwise, we propose alternative criteria for

objective response, defined as a decrease ≥10% in the size of three

LMs. This cutoff did impact TTF, even when adjusted to other prog-

nostic factors. Conversely, response criteria based on density varia-

tion were not predictive of treatment efficacy.

The original RECIST 1.0 criteria stated that evaluation of tumor

burden and evolution would be measured by the minimal unidimen-

sional size of up to 10 measurable lesions, with a maximum of five per

organ site.23 In 2009, revised RECIST 1.1 criteria proposed reducing

the maximum number of lesions to measure from five to two per

organ.13 These criteria were proposed, and are used in clinical practice

and research, for all types of neoplasms but do not take NET-related

specific features into account, notably their slow evolution.15,24 Due

to the generally prolonged survival of patients, and the low rates of

resectability of all diseases, most systemic treatments are adminis-

tered with an intent of prolonging survival rather than achieving

tumor debulking.16 Accordingly, patient outcomes may not correlate

with tumor shrinkage. Hence, the size variation of target lesions may

not necessarily reach 30% in order to define response to treatment.

This was underlined in one recent monocentric retrospective study,

which reported that RECIST-defined response criteria could not pre-

dict time to progression in patients with advanced G1–G2 GEP-NETs

treated with either chemotherapy, PRRT or everolimus.17 There was

even a trend toward shorter time to progression for those who

achieved an objective response, which is concordant with our results

(Figure 3A).

In our study, a decrease of 10% in LM size was the most robust

threshold to distinguish responders from non-responders, measured

on either three or five LMs. Consistently, this 10% of size variation

threshold was previously reported to be the most optimal response

criterion to predict progression-free survival in patients with advanced

pancreatic NETs treated with sunitinib.25 In this post hoc analysis of

237 patients included in the phase II and phase III studies of sunitinib,

this threshold yielded the highest rate of correctly classified patients

(67%). It had significant impact on progression-free survival (p = .04),

while RECIST criteria did not (p = .20), which was confirmed in the

multivariable analysis. Overall, a reduction of 10% in tumor size seems

to be an accurate surrogate for treatment efficacy in GEP-NETs. As an

alternative to evaluating variations in tumor size, assessment of tumor

growth rate has shown very promising results. It may be especially

suited for NETs as they are generally slow-growing. Indeed, the pre-

therapeutic tumor growth rate may predict treatment efficacy, and its

variation under treatment has been reported as a very interesting

alternative to RECIST in the setting of NETs.26

We also aimed to define the most appropriate number of LMs to

be measured for response evaluation. The RECIST 1.1 criteria state

that a maximum of two lesions per organ and five in total should be

measured.13 However, these criteria may be difficult to apply in

patients with NET-associated LMs, due to changes in their appearance

following contrast administration, as well as the coalescence of lesions

and the subsequent inability to delineate individual masses. In addi-

tion, paradoxical evolution of LMs, with some increasing and some

decreasing in size on the same scan, is not rare. In our study, the mea-

surement of three LMs was the most robust number to distinguish

responders from non-responders, with thresholds of size variation of

either 0% or 10%. Finally, the criteria consisting of a decrease in size

≥10% measured on three LMs was not statistically superior to the

other two with statistical significance (decrease in size ≥0% measured

on 3 LMs, and decrease in size ≥10% measured on 5 LMs). The choice

to highlight it was based on clinical significance, as the 0% variation

threshold has very limited clinical relevance, and measuring three LM

is easier, faster and therefore probably more acceptable for clinical

practice (and perhaps more reproducible) than measuring five LM.

NETs are characterized by high vascularization, which may imply

that tumor efficacy may translate into variation in tumor density. In

our study, measuring 10%, 15% or 20% density variations, even com-

bined with size variations, did not enable to cluster responders from

TABLE 4 Association (hazard ratio) of various criteria of objective
response based on the variation of density and size of two liver
metastases with time to treatment failure for 118 systemic
treatments.

Definition of objective
response

Phase of contrast enhancement

Arterial
(n = 115)

Portal
(n = 118)

Decrease in

density ≥ 20%

HR 0.94 HR 1.01

95% CI: 0.56–1.57 95% CI: 0.44–2.30

p = .80 p = .99

Decrease in

density ≥ 10%

HR 0.86 HR 1.07

95% CI: 0.56–1.31 95% CI: 0.68–1.69

p = .47 p = .92

Decrease in density

≥ 15% and/or

decrease in

size ≥ 10%

(Choi criteria18)

HR 0.90 HR 0.97

95% CI: 0.59–1.37 95% CI: 0.65–1.45

p = .92 p = .88
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non-responders. However, the relevance of such criteria may be lim-

ited to the evaluation of treatments specifically targeting angiogene-

sis, such as sunitinib. Following its initial description in gastrointestinal

tumors, Choi criteria (decrease in size 15% and/or decrease in density

≥10% on portal venous phase) were retrospectively evaluated in

patients with advanced pancreatic NETs treated with sunitinib.27 Sev-

eral studies reported that the Choi criteria were more sensitive and

more precise than RECIST 1.1 in assessing the early response of

advanced GEP-NETs treated with sunitinib.28,29 In the present study,

density-based response criteria, including Choi criteria, were not asso-

ciated with the efficacy of systemic treatments. Should density mea-

surement be irrelevant for evaluating the efficacy of GEP-NET

treatments, this would advocate for follow-up using MRI.30 However,

the treatments considered in the present study did not only consist of

sunitinib, but also included chemotherapy and somatostatin analogs.

The limited number of patients treated with sunitinib precluded sub-

group analyses from being performed. Hence, while density-based cri-

teria remain of great interest in the field of NETs, their relevance may

be limited to antiangiogenic therapies.24

Our study presents some potential biases inherent to any retro-

spective research. CT analyses were not performed centrally, but all

participating institutions are high-volume, NET-dedicated ENETS cen-

ters of excellence, with experienced imaging physicians. In addition, all

imaging analyses were performed according to a common strict proto-

col. Interobserver variability could not be evaluated. Nevertheless,

CT-scan measurements are usually reproducible in GEP-NET imag-

ing.14,22,30 Also, patient inclusions were limited by the lack of exten-

sive imaging databases in many expert institutions. To optimize the

homogeneity of our series, many patients met exclusion criteria

related to the delays between baseline CT-scan, treatment initiation

and first evaluation CT-scan, underlining possible differences in rou-

tine management across institutions. The inclusion of non-consecutive

patients could have induced a selection bias, with however limited

consequences on the evaluation of response criteria. Finally, many

solicited centers could not participate in this study because follow-up

of patients with GEP-NETs is not performed routinely with CT but

MRI. However, MRI stands as a very promising technique for evaluat-

ing GEP-NET response to treatments, because it may allow more

reproducible measurement than CT, does not necessarily require con-

trast injection, and is a non-radiating technique.30

In our study, imaging measurement concerned LMs but not extra-

hepatic targets, which did not allow progression-free survival to be

considered as an endpoint. Instead, we used TTF as the primary end-

point, as it allows global progression to be taken into account in a ret-

rospective setting. While treatment failure was evaluated during the

actual management of each patient in each center, it reflects real-life

management in expert centers which follow similar guidelines and

standards of practice. Finally, we excluded treatments using PRRT due

to the limited number of patients, which might limit the clinical impli-

cations of this study given that PRRT is now an established second-

line treatment option for advanced NETs. However, the treatments

included in this cohort (somatostatin analogs, targeted therapies and

chemotherapy) remain strong standards today; it is therefore still

relevant to identify criteria enabling measurement of their efficacy.

Future trials aiming to validate the criteria proposed in this pilot study

must focus on patients treated with PRRT.

In conclusion, a decrease ≥10% in the size of three LMs might be

a more clinically relevant alternative response criterion than RECIST

1.1 for the early evaluation of treatment efficacy in patients with

advanced NETs. Conversely, criteria based on density variation were

not predictive of treatment efficacy. This new response criterion

should be implemented in clinical trials, in order to validate prospec-

tively the results of this pilot study in a larger population of patients.
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