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ABSTRACT ACCOMPANYING CONTENT

PURPOSE Alkylating agents (ALKY) are the main chemotherapies used for advanced [/} Data Supplement
neuroendocrine tumors (NETs). O°-Methylguanine-DNA methyltransferase [/} Protocol
(MGMT) status, as proficient (p) or deficient (d), may predict the response

to ALKY. Accepted October 21, 2024

PATIENTS AND MGMT-NET (ClinicalTrials.gov identifier: NCT03217097) was a phase II Published November 25, 2024

METHODS trial randomly assigning 1:1 for pMGMT or 2:1 for dAMGMT-NETS to either

ALKY or oxaliplatin (Ox). Inclusion criteria were a confirmed advanced

pancreatic, thoracic, or unknown primary NETs with an indication for

chemotherapy and tissue available. The primary aim was to detect a dif-

ference of 35% between the 3-month objective response rate (ORR) in

PMGMT-NETs versus in dMGMT-NETs when treated with ALKY. A

biomarker-stratified design was performed to compare ALKY and Ox in

the dAMGMT and pMGMT strata for the secondary end points. dMGMT

was defined using pyrosequencing (PSQ; methylated MGMT 29%) and

using immunochemistry (H-score of MGMT <50) when PSQ was not
interpretable.
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© 2024 by American Society of
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View Online
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RESULTS From October 2018 to October 2021, 105 patients (55 pancreas, 38 thorax, 12
unknown) started either ALKY (n = 62) or Ox (n = 43). The median age was
63 years (range, 30-84), and 59% were males. NETs were G1 (19%), G2 (69%),
or G3 (10%). Among patients with interpretable MGMT status, 56.9% (58 0of 102)
had a dMGMT-NET. The primary end point was not reached; the 3-month ORR
was 10 (29.4%) versus 2 (8%), and the odds ratio was 3.5 (0.58-21.16), P = .172.
However, best ORR (18 [52.9%] v 3 [11.5%]) and median progression-free
survival (14.6 [95% CI, 7.2 to 22.1] v 11.3 [9.4 to 13.2] months) were higher
for AMGMT-NETSs versus pMGMT-NETs. MGMT status does not seem to affect
the Ox efficacy.

CONCLUSION Despite the fact that the primary end point was not reached, ALKY has clinical
activity in patients with dAMGMT-NETSs.

INTRODUCTION burden, progressive tumor, and/or high Ki67 index) or when

a tumor shrinkage is needed.>* Alkylating agents (ALKY),
Most well-differentiated neuroendocrine tumors (NETs) such as temozolomide, dacarbazine, and streptozotocin, are
occur in the digestive system and the bronchopulmonary the backbone of chemotherapy>%; the objective response
system and are often diagnosed at advanced stages.> Che- rate (ORR) is 30%-40%, and the median progression-free
motherapy is used against aggressive NETs (ie, high tumor survival (PFS) is 4-18 months.>"® However, it is of note that
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CONTEXT

Key Objective

Is 0%-methylguanine-DNA methyltransferase (MGMT) relevant to predict the response to alkylating agents (ALKY) such as

temozolomide in neuroendocrine tumors (NETs)?

Knowledge Generated

In 57% of patients enrolled in this randomized study (ALKY v oxaliplatin-based chemotherapy), MGMT was deficient (d) in
their NET. Despite the fact that the primary end point (gain of at least 35% of objective response rate at 3 months of ALKY)
was not reached, ALKY has clinical activity in patients with dAMGMT-NETs.

Relevance (E.M. O'Reilly)

In this biomarker-focused trial, MGMT deficiency (immunohistochemistry, pyrosequencing) served as a biomarker of
enrichment for response to alkylating therapy. The data are consistent with prior reports, and although there are limitations
of this small trial, provide support for the validity of MGMT deficiency as a selection tool for further development.*

*Relevance section written by JCO Associate Editor Eileen M. O’Reilly, MD.

the level of evidence regarding the efficacy of these treat-
ments for pulmonary NETs is lower than that for pancreatic
NETSs.?

One of the mechanisms of ALKY cytotoxicity is the induction
of DNA alkylation/methylation at O°-guanine sites, resulting
in DNA mismatch and cell death in the tumor tissue.**°
However, ALKY-induced DNA damages can be reversed by
0°-methylguanine-DNA methyltransferase (MGMT). Thus,
any reduction in the MGMT activity may therefore increase
the effect of ALKY. In addition, many studies in glioma found
that the loss of MGMT expression is associated with the
methylation of CpG island on the MGMT promoter and not
with gene deletion, mutation, rearrangement, or unstable
RNA." The MGMT status can be assessed at the protein level
(by immunohistochemistry [IHC]) and at the gene level
(through methylation analysis). The assessment of MGMT
status to predict the response to ALKY is debated in the
current literature, in part since it is performed using multiple
techniques with various accuracies and because of the ret-
rospective design of most reported studies.*

Furthermore, although ALKY are commonly recommended
in NETSs,? an interesting activity of oxaliplatin (Ox), either
with 5-fluorouracil®>* or with gemcitabine,>'® was re-
ported, with the ORR ranging from 17% to 30%. In a ret-
rospective study, we reported that gemcitabine and
oxaliplatin (GEMOX) was effective in NETs and that its ac-
tivity was similar to that of ALKY, but irrespective of the
MGMT status.””> In this context, the purpose of this pro-
spective study was to evaluate the predictive effect of MGMT
on the ORR of patients treated using ALKY. A control arm
(Ox) was used, as in a biomarker-stratified design,7*® to
evaluate whether MGMT is a predictive factor of response to
ALKY or a prognostic factor regardless of the chemotherapy
given.

2 | © 2024 by American Society of Clinical Oncology

PATIENTS AND METHODS
Study Design and Patients

MGMT-NET was a national, multicenter, open-label, ran-
domized phase II study assessing the safety and efficacy of
ALKY-based and Ox-based chemotherapy arms, according
to the MGMT status. Patients with proficient (p) MGMT
NETs were randomly assigned 1:1, whereas patients with
deficient (d) MGMT NETs were randomly assigned 2:1, to
either the ALKY- or the Ox-based chemotherapy arm (see
Fig 1 in the study by Lemelin et al®).

This study included patients age at least 18 years, with a
histologically proven well-differentiated NET from the
pancreas, the lung, or an unknown primary site, grades 1-3,
metastatic or locally advanced, unresectable, and with
available tumor tissue. A systemic chemotherapy had to be
indicated and validated by an NET-dedicated multidisci-
plinary tumor board within the French ENDOCAN-RENATEN
network. Previous local or systemic treatments other than
ALKY or Ox were allowed.

Study Procedures

MGMT methylation test (using pyrosequencing [PSQ])*®-2°
and THC* were performed in parallel (see the Data Sup-
plement, online only for the details), but only the result of
the methylation test was considered for the random as-
signment, unless the result was not interpretable. In such a
case, the THC result was used, considering that a loss of
MGMT expression in IHC would correspond to a methylated
MGMT. We defined an NET with a methylated MGMT or,
when the MGMT methylation analysis was not interpret-
able, without expression of MGMT using IHC as dMGMT.
Patients who are not dAMGMT were randomly assigned as
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PMGMT,; patients with no interpretable MGMT status by
methylation nor IHC were also randomly assigned in this
group, but they were therefore not included in the analysis
of outcomes according to MGMT status. Random assign-
ment was also stratified on the origin of the NET. The
random assignment lists were built by block and auto-
matically generated by a computerized system using SAS
statistical software (V9.3).

A pragmatic approach was performed by the physician to
choose the ALKY or Ox regimens, with one recommended
regimen for each arm. In the ALKY arm, the recommended
regimen was capecitabine (750 mg/m? twice daily for
14 days, days 1-14) and temozolomide (temozolomide,
200 mg/m? once daily for 5 days, days 10-14), every
28 days,® and alternative intravenous leucovorin plus
5-fluorouracil (LV5FU2)-dacarbazine or 5-fluorouracil-
streptozotocin was allowed.?? In the Ox arm, the recom-
mended regimen was GEMOX (gemcitabine 1,000 mg/m?
followed by Ox 100 mg/m?> both drugs once every 2
weeks),' and alternative LV5FU2 and oxaliplatin (FOLFOX)
or capecitabine and oxaliplatin (CAPOX) regimens were
allowed.>> The chemotherapy doses and monitoring were
in line with French recommendations on NET manage-
ment.?? The recommended duration of the chemotherapy
was at least 3 months (assessment of the primary end
point).

End Points

The primary end point was the 3-month ORR in the ALKY
arm (compared between dMGMT and pMGMT). It was
assessed according to the RECIST v1.1 criteria by the central
review of an expert radiologist who was blinded to the
result of the MGMT status and treatment assignment; this
review was performed when the 3-month radiologic as-
sessment of the last included patient was available. Pa-
tients and treating providers were also blinded to the
MGMT status.

The secondary end points were (1) best ORR, PFS (both
according to RECIST v1.1 criteria), and overall survival (OS)
assessed according to the MGMT status in patients treated
with ALKY; (2) the 3-month ORR, best ORR, PFS, and OS
according to MGMT status in patients treated with Ox; (3)
and the MGMT status as the predictive factor (3-month ORR,
best ORR, PFS, and OS) evaluated using either methylation
or THC.

Radiologic assessment was performed at baseline (within a
maximum of 4 weeks before inclusion) using a computed
tomography (CT) scan and/or magnetic resonance imaging
(MRI), and the same procedure (CT or MRI) was repeated
every 3 months.

All adverse events (AEs) were assessed at each cycle of

chemotherapy, therefore at least once a month during the
chemotherapy administration, and for all patients at 3 and

Journal of Clinical Oncology

4 months after the first administration of the chemotherapy,
according to the Common Terminology criteria for Adverse
Events version v4.03. In addition, all deaths (grade 5) were
recorded until the end of study participation.

Statistical Analysis

Although the primary end point was scheduled in the ALKY
arm, a biomarker-stratified design was used instead of an
enrichment design to also compare ALKY and Ox in the
dMGMT and pMGMT strata for the secondary end points.”
The analysis of the primary end point compared the 3-month
ORR between dMGMT and pMGMT using a logistic regres-
sion model adjusted on the tumor origin and the MGMT
status. Sample size calculation was calibrated to detect a 35%
absolute difference in the 3-month ORR according to the
MGMT status among patients treated with ALKY. The as-
sumption of the difference was hypothesized as an im-
provement in ORR from 15% in patients with pMGMT NET's
to 50% in patients with dMGMT NETs, according to our
previous study (ORR of 15% for unmethylated MGMT-NET
and 53% for methylated MGMT-NET when assessed by
PSQ).>3 This calculation was based on an expected number of
55 patients treated with ALKY (ie, 22 patients with AMGMT
NETs and 33 patients with pMGMT NETSs) to obtain a 75%
power to find a statistically significant ORR difference with a
one-sided risk of 5%. Considering the hypothesis that one
third of patients might have a dMGMT NET,>* 99 patients
had to be randomly assigned in the study. However, as-
suming that MGMT would not be interpretable in 5% of the
patients, we planned to include at least 104 patients for
MGMT analysis.

For the analysis of the secondary end points, a post hoc
analysis was performed to compare the ORR not only using
a Fisher’s exact test (one-sided) between the two groups
(dMGMT v pMGMT) in each chemotherapy arm but also
according to the biomarker-stratified design between
ALKY and Ox in the dAMGMT and pMGMT strata. Best ORR
and PFS were also evaluated using a logistic regression
model adjusted on the tumor origin, in addition to the
MGMT status. A Kaplan-Meier analysis was used to esti-
mate median PFS and OS according to MGMT status and
treatment received and the associated 95% CI for each
treatment group. Comparisons were performed using the
log-rank test. A Cox proportional model was used to
calculate hazard ratios (HRs) and the associated 95% CI.
Survival curves were drawn using the survminer package
on R Core Team (2021, R Foundation for Statistical
Computing, Vienna, Austria).

Ethical Considerations

All patients provided their written informed consent to
participate in this study. This study was approved by the
National Agency for the Safety of Medicines and Health
Products on June 27, 2018. It was submitted and approved
(August 1, 2018) by the institutional review board. The study
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complied with the Declaration of Helsinki and the principles
of Good Clinical Practice guidelines.

RESULTS
Patient Characteristics

From October 2018 to October 2021, a total of 116 patients
were enrolled and 109 patients were randomly allocated.
Four patients did not start chemotherapy (one in ALKY and
three in the Ox arm), and therefore, 105 patients were in-
cluded in the modified intention-to-treat (mITT)/safety
population, 62 in the ALKY arm and 43 in the Ox arm
(CONSORT diagram in Fig 1).

Patient characteristics were balanced between chemother-
apy arms. The main primary origins were the pancreas

(n = 55, 52.4%) and the thorax (n = 38, 36.2%), including
three thymic NETSs. All patients except three had an Eastern
Cooperative Oncology Group (ECOG) performance status of
0-1. Seven patients had a secretory syndrome. The NET grade
was atypical/G2 in more than two thirds of patients; 11.3%
(n =7o0f 62) and 9.3% (n = 4 of 43) had an NET-G3 in ALKY
and Ox arms, respectively. The median (IQR) Ki67 was 10%
(5-20) in the ALKY arm and 10% (8-18) in the Ox arm (Data
Supplement, Table S1).

Administration and Safety of Chemotherapies

Among the 62 patients in the ALKY arm, 31 (50.0%) received
capecitabine-temozolomide (CAPTEM), whereas 28 (45.2%)
received LV5FU2-dacarbazine and three (4.8%) received
5-fluorouracil-streptozotocine. Among the 43 patients in
the Ox arm, 35 (81.4%) received GEMOX and eight (18.6%)

Patients enrolled (N = 116)

Patients excluded (n=7)
Screenfailed (n=5)
«  Other primary NET (n=2)

v

Patients randomly assigned
1:1 for proficient MGMT or
2:1 for deficient MGMT-NETs
to either ALKY or Ox (n = 109)

>

Chemotherapy not validated in MDT (n = 3)

Patient who did not start ALKY

chemotherapy because of
withdrawal of consent (n = 1)

v
v

ALKY arm (n = 62)

v

Discontinued intervention
End of chemotherapy (n = 42)
(investigator choice)

Disease progression (n = 10)
Toxicity (n=2)
Patient choice (n=2)
Other (n=6)

In the ALKY arm
In the Ox arm

ALKY arm and MGMT status
interpretable, primary endpoint
population (n = 60)

Physician choice (n=1)

(delay to obtain MGMT status)
Finally declined chemotherapy (n=1)
Patients who did not start Ox (n=3)

Patient who started chemotherapy (n = 105)
mITT and safety population

Discontinued intervention

MGMT status not interpretable

Oxaliplatin arm and MGMT

Additional screenfailed (laboratory reasons) (n = 1)
Patients who have withdrawn their consent (n = 2)

v
v

Oxaliplatin arm (n = 43)

v

End of chemotherapy (n = 33)
(investigator choice)

Disease progression (n=1)
Toxicity (n=3)
Patient choice (n=2)
Other (n=4)

(n=2)
(n=1)

status interpretable (n = 42)

FIG 1. CONSORT diagram of the study population. ALKY, alkylating agent; MDT, multidisciplinary tumor
board; MGMT, O%-methylguanine-DNA methyltransferase; mITT, modified intention-to-treat population;
NET, neuroendocrine tumor; Ox, oxaliplatin-based chemotherapy.
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received FOLFOX/CAPOX. The median (IQR) chemotherapy
duration was 5.2 (3.7-6.0) months for the ALKY arm and 3.8
(3.2-5.1) months for the Ox arm. A total of 29 (46.8%) and 32
(74.4%) patients had at least one dose reduction within the
first 3 months of chemotherapy, and granulocyte-colony
stimulating factor was administered in 15 (24.2%) and
seven (16.3%) in ALKY and Ox arms, respectively (Table 1).
The AEs are described in the Data Supplement.

Evaluation of MGMT Status

Among the 105 patients included in the mITT/safety pop-
ulation, the MGMT status was not interpretable in three
patients using both techniques. MGMT methylation was
interpretable in 92 patients. To not delay the beginning of
chemotherapy (results being given within 2 weeks), 22 of
them were randomly assigned on IHC results or 1:1 if IHC was
not interpretable. The specimens contained a median (IQR)
of 60% of tumor cells (43-80). The median (IQR) MGMT
methylation was 10 (7-15.8). dMGMT was found in 55.4%
(n = 51 0f 92) of NETs with an interpretable methylation test
and in 47.6% (n = 39 of 82) of NETs with interpretable IHC.
The MGMT status was interpretable by both techniques in 72

TABLE 1. Administration of Chemotherapy

NETSs. The concordance between techniques was 58.3% (21
dMGMT by both + 21 pMGMT by both)/72; 19 NETs had
methylated MGMT but persistent expression, and 11 had
unmethylated MGMT but loss of MGMT expression (Fig 2).

A total of 102 patients started chemotherapy and had in-
terpretable MGMT status by at least one technique (92 with
an interpretable methylation test and 10 more with inter-
pretable IHC); therefore, dMGMT was found in 56.9%
(n = 58 of 102) of NETSs using the study definition. Except
the primary NET origin, patient characteristics were
clinically similar between dMGMT (n = 58) and pMGMT
(n = 44) groups (Data Supplement, Table S3) and between
dMGMT and pMGMT groups according to the chemotherapy
arm (Table 2).

Efficacy of Chemotherapies

The 3-month ORR and best ORR were obtained in 12 (19.7%)
and 22 (35.5%) in the ALKY arm. They were 12 (27.9%) and 13
(30.2%) in the Ox arm. The median (IQR) time to response in
the 35 patients with ORR was 5.6 months (3.4-6.7) in ALKY
and 3.4 months (3.0-3.7) in Ox. The median (IQR) follow-up

Characteristic

ALKY Arm (n = 62) Ox Arm (n = 43)

Type of chemotherapy, No. (%)

Capecitabine-temozolomide 31 (50.0) =
LV5FU2-dacarbazine 28 (45.2) =
5-fluorouracil-streptozotocine 3 (4.8) =
GEMOX - 35 (81.4)
FOLFOX - 6 (14.0)
CAPOX - 2 (47)
No. of cycles, median (IQR) 6 (5-8) 8 (6-10)
Chemotherapy duration in months, median (IQR) 5.2 (3.7-6.0) 3.8 (3.2-5.1)
Dose reduction within 3 first months, No. (%) 29 (46.8) 32 (74.4)
GCSF administration, No. (%) 15 (24.2) 7 (16.3)
First subsequent antitumor treatment, No. (%)
None 17 (27.4) 4(9.3)
Chemotherapy
ALKY-based 14 (22.6) 15 (34.9)
Ox-based 12 (19.4) 7 (16.3)
Other 0 123
Everolimus 3 (4.8) 5(11.6)
Tyrosine kinase inhibitor (sunitinib, surufatinib?) 6 (9.7) 1(2.3)
Somatostatin analogs 3 (4.8) 6 (14.0)
Peptide receptor radionuclide therapy 4 (6.5) 3 (7.0)
Locoregional treatment (surgery, TAE/TACE) 1(1.6) 1(2.3)
Phase | clinical trial 2 (3.2 0

Abbreviations: ALKY, alkylating agent; CAPOX, capecitabine and oxaliplatin; FOLFOX, infusional LV5FU2 and oxaliplatin; GCSF, granulocyte-colony
stimulating factor; GEMOX, gemcitabine and oxaliplatin; LV5FU2, leucovorin plus 5-fluorouracil; Ox, oxaliplatin; TACE, transarterial

chemoembolization; TAE, transarterial liver embolization.
2In clinical trial.

Journal of Clinical Oncology
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dMGMT by PSQ
(n=51)

19

pMGMT by IHC
(n =43)

dMGMT by IHC
(n =39)

9 pMGMT by PSQ
(n=41)

21

FIG 2. MGMT status assessed by PSQ and/or IHC. d, deficient; IHC, immunochemistry; MGMT,
0%-methylguanine-DNA methyltransferase; p, proficient; PSQ, pyrosequencing.

duration was 29.3 months (21.9-35.8), and the median (95%
CI) PFS was 12.1 (9.9 to 14.3) months in the ALKY arm and
12.6 (11.3 to 13.9) months in the Ox arm. At progression, 84
patients received a subsequent antitumoral treatment at a
median of 8.3 months (21.9-35.8) after the end of ALKY/Ox
chemotherapy, which was mainly another course of che-
motherapy (ALKY or Ox), a targeted therapy, a somatostatin
analog, or a peptide receptor radionuclide therapy (Table 1).
The median (95% CI) OS was 50.2 (19.1 to 81.3) months in the
ALKY arm and 48.8 (30.3 to 67.3) in the Ox arm (Data
Supplement, Fig S1).

Primary End Point

The primary end point was assessed in all patients treated
with ALKY, except for one; 34 had a dMGMT-NET, and 26 a
PMGMT-NET. The 3-month ORR was two (8.0%) in the
pPMGMT group and 10 (29.4%) in the dAMGMT group. The
odds ratio for patients with dMGMT-NETs compared
with pMGMT-NETs, for identical tumor origin, was 3.5
(0.58-21.16), P = .172 (one-sided).

Secondary End Points

In the ALKY arm, the best ORR was three (11.5%) in the
PMGMT group and 18 (52.9%) in the dMGMT group; the
median (95% CI) PFS was 11.3 (9.4 to 13.2) in the pMGMT
group and 14.6 (7.2 to 22.1) in the dAMGMT group, whereas the
0S was 50.2 months (95% CI not defined) in pMGMT and not
reached in dMGMT. Conversely, the efficacy of Ox (ORR, PFS,
and OS) was clinically similar between both groups (Table 3;
Fig 3). In the dMGMT group, the best ORR was greater under
ALKY compared with Ox (52.9% and 25.0%, respectively;
P = .031) as well as the PFS (HR, 0.56 [95% CI, 0.31 to 1.01];

6 | © 2024 by American Society of Clinical Oncology

P = .053). In the pMGMT group, the best ORR was 11.5%
under ALKY and 38.9% under Ox (P = .040), but the PFS was
not significantly different between chemotherapy arms (HR,
1.12 [95% CI, 0.060 to 2.10]; P = .716).

The same trend was observed, with fewer patients, when
MGMT was assessed by methylation only or by IHC (Table 3;
Data Supplement, Figs S2 and S3). In patients treated with
ALKY with concordant MGMT results between both tech-
niques, the best ORR was 91.7% (n = 11 of 12) for AMGMT-
NETSs, whereas it was 13.3% (n = 2 of 15) for pMGMT-NETs
(Fig 3A; Data Supplement, Table S4).

Subgroup analyses in pancreatic and thoracic NETSs
according to MGMT status are presented in the Data Sup-
plement (Tables S5 and S6).

DISCUSSION

To our knowledge, the MGMT-NET study is the first ran-
domly assigning ALKY and Ox to evaluate the predictive
effect of MGMT on the outcome of patients with NETs
treated with ALKY. The study did not reach its primary end
point, but the 35% difference between dAMGMT and pMGMT
groups in patients treated with ALKY was obtained for the
best ORR, which is in concordance with the literature.®3 In
addition, ALKY provided a longer PFS and OS in dAMGMT-
NETs versus pMGMT-NETs. Conversely, the outcomes of
patients treated with Ox seemed to be not affected by the
MGMT status. Therefore, according to the guidelines, ALKY
remains the chemotherapy of choice for patients with
pancreatic NETs,>® and even more for those with AMGMT-
NETs,® whereas Ox has an interesting activity in pMGMT-
NETSs, which is the case for most thoracic NET's.?
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TABLE 2. Patient Characteristics, According to MGMT Status Assessed by Methylation or Immunohistochemistry if Methylation Is Not

Interpretable, and Chemotherapy Arm (n = 102)

Characteristic

ALKY Arm

Ox Arm

dMGMT (n = 34) PMGMT (n = 26)

dMGMT (n = 24) pMGMT (n = 18)

Male, No. (%)

23 (67.6) 15 (57.7)

12 (50.0) 10 (55.6)

Age, years, median (IQR)

64.0 (57.0-70.0) 64.5 (58.0-70.0)

60.0 (53.0-68.5) 58.0 (48.0-71.0)

Primary tumor location, No. (%)

Pancreas 20 (58.8) 10 (38.5) 16 (66.7) 6 (33.3)
Thoracic 11 (32.4) 12 (46.2) 7(29.2) 8 (44.4)
Unknown 3(8.8) 3(11.5) 0 1 (5.6)
Performance status 0-1, No. (%) 33 (97.1) 24 (92.3) 24 (100.0) 18 (100.0)
Secretory syndrome, No. (%)? 4(14.8) 2 (6.1) 0 1(4.3)
Presence of pain, No. (%) 8 (23.5) 9 (34.6) 8 (33.3) 8 (44.4)
Presence of other symptoms, No. (%) 6 (17.6) 7 (26.9) 2 (8.3) 6 (33.3)
Biologic examination in the two ULNs
Chromogranin A, median (IQR) 6.5 (0.9-76.5) 4.2 (1.6-12.2) 5.2 (1.8-27.6) 6.9 (2.2-19.9)
NSE, median (IQR) 19 (1.2-4.2) 2.3 (1.4-5.0) 2.9 (1.9-5.7) 17 (1.1-3.2)
WHO classification, No. (%)
NET/typical grade 1 7 (20.6) 6 (23.1) 2 (8.3) 5 (27.8)
NET/atypical grade 2 23 (67.6) 16 (61.6) 19 (79.2) 11 (61.1)
NET grade 3 3 (8.8) 4 (15.4) 2 (8.3) 2 (11.71)
Undetermined 1(29) 0 142 0
Ki67 index, %, median (IQR) 10.0 (5.0-17.0) 15.0 (8.0-25.0) 12.0 (9.0-18.0) 9.0 (5.0-18.5)
Progressive disease at study inclusion, No. (%) 21 (61.8) 17 (65.4) 3 (54.2) 10 (55.6)
Median No. of metastatic sites >1, No. (%) 24 (70.6) 16 (61.5) 0 (41.7) 12 (66.7)
Location of metastasis, No. (%)
Liver 31(91.2) 23 (88.5) 20 (83.3) 17 (94.4)
Bone 16 (47.1) 8 (30.8) 7 (29.2) 9 (50.0)
Distant lymph nodes 14 (41.2) 8 (30.8) 7(29.2) 9 (50.0)
Peritoneum 4(11.8) 1(3.8) 1(4.2) 0
Lung 3(8.8) 2 (7.7) 2 (8.3) 3(16.7)
Brain 1(2.9) 1(3.8) 0 1 (5.6)
Adrenal 0 2 (7.7) 1(4.2) 1 (5.6)
Other 4(11.8) 6 (23.1) 2 (8.4) 4 (22.2)
Positive PET DOTATOC/octreoscan, No./N assessed (%) 19/21 (90.5) 13/14 (92.9) 11/11 (100.0) 8/10 (80.0)
Previous local intervention, No. (%)
Resection of primary tumor and/or metastases 4(41.2) 9 (34.6) 9 (37.5) 5 (27.8)
Liver (chemo)embolization 5 (14.7) 6 (23.1) 1(4.2) 1 (5.6)
External radiotherapy 0 2 (7.7) 0 2 (11.7)
Previous lines of systemic treatment, No. (%)
No prior systemic treatment 16 (47.17) 12 (46.2) 15 (62.5) 13 (72.2)
Somatostatin analogs 16 (47.1) 12 (46.2) 9 (37.5) 4(222)
Peptide receptor radionuclide treatment 1(2.9) 1(3.8) 3(12.5) 0
Targeted therapies 2 (5.9) 4(15.4) 2 (8.3) 2(11.7)
Current administration of somatostatin analogs, No. (%) 4(11.8) 3(11.5) 1(4.2) 1 (5.6)

Abbreviations: ALKY, alkylating agent; d, deficient; MGMT, O®-methylguanine-DNA methyltransferase; NET, neuroendocrine tumor; NSE, neuron-
specific enolase; p, proficient; PET, positron emission tomography; ULNs, upper limits of normal.
aType of secretory syndrome: four carcinoid syndromes, two Cushing syndromes, and one glucagonoma.
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TABLE 3. Efficacy of Chemotherapy According to the Chemotherapy Arm and MGMT Status

MGMT Status Assessed by PSQ and/or by Immunochemistry if Methylation Is Not Available (n = 102)

ALKY Arm Ox Arm
Efficacy dMGMT (h = 34)  pMGMT (n = 26) P dMGMT (n = 24) pMGMT (n = 18) P
Three-month objective response, No. (%) 10 (29.4) 2 (8.0) .042 7(29.2) 5 (27.8) .600
Best objective response, No. (%) 18 (52.9) 3(11.5) 0012 6 (25.0) 7 (38.9) 265
PFS, months, median (95% Cl) 146 (7210227) 113 (9410 13.2) 129 (11.8t0 140) 122 (11.7 to 12.7)
HR = 0.53 (95% Cl, 0.30 to 0.94) 0297 HR = 0.84 (95% CI, 0.45 to 1.59) .600
0S, months, median (95% Cl) Not reached 50.2 (not defined) 48.8 (22.8 to 74.8) 39.8 (16.8 to 62.8)
HR = 0.39 (95% Cl, 0.15 to 0.99) 048 HR = 0.78 (95% Cl, 0.29 to 2.11) 625
MGMT Status Assessed by PSQ (n = 92)
ALKY Arm Ox Arm
Efficacy dMGMT (n = 31) PMGMT (n = 23) P dMGMT (n = 20) PMGMT (n = 18) P
Three-month objective response, No. (%) 10 (32.3) 2 (9.17) .046 5 (25.0) 5 (27.8) .568
Best objective response, No. (%) 16 (51.6) 3(13.0) .003 6 (30.0) 7 (38.9) 407
PFS, months, median (95% Cl) 14.6 (8.8 t0 20.4) 11.2 (9.6 to 12.8) 132 (10.1t0 163) 122 (11.8 to 12.6)
HR = 0.52 (95% Cl, 0.25 to 0.96) .036 HR = 0.75 (95% Cl, 0.38 to 1.47) .399
0S, months, median (95% Cl) Not reached 50.2 (not defined) 48.8 (28.1 to 69.5) 39.8 (16.8 t0 62.8)
HR = 0.37 (95% ClI, 0.14 to 1.03) .057 HR = 0.86 (95% Cl, 0.31 to 2.38) Naal
MGMT Status Assessed by Immunochemistry (n = 82)
ALKY Arm Ox Arm
Efficacy dMGMT (n = 19)  pMGMT (n = 32) P dMGMT (n = 20) pMGMT (n = 11) P
Three-month objective response, No. (%) 9 (47.4) 1(3.1) <.001 7 (35.0) 3(27.3) 490
Best objective response, No. (%) 14 (73.7) 4(12.5) <.001 9 (45.0) 2 (18.2) 135
PFS, months, median (95% CI) 18.3 (9.5 to 27.1) 9.2 (5.6 to 12.8) 122 (11.6 to 12.9) 12.4 (9.0 to 16.8)
HR = 0.63 (95% Cl, 0.33 to 1.19) 151 HR = 0.88 (95% Cl, 0.40 to 1.89) 739
0S, months, median (95% Cl) Not reached 50.2 (not defined) 48.8 (35.4 t0 62.2) 20.6 (15.0 to 26.3)
HR = 0.79 (95% Cl, 0.29 to 2.17) 657 HR = 0.17 (95% Cl, 0.05 to 0.58) .005

Abbreviations: ALKY, alkylating agent; d, deficient; HR, hazard ratio; MGMT, 0®-methylguanine-DNA methyltransferase; NETs, neuroendocrine
tumors; 0S, overall survival; Ox, oxaliplatin; p, proficient; PFS, progression-free survival; PSQ, pyrosequencing.

2The odds ratio for best objective response of patients with dAMGMT-NETs compared with pMGMT-NETs in ALKY after adjustment on tumor
location (pancreas v nonpancreas) was 11.5 (2.1-58.0), P = .005. After Cox regression with adjustment on tumor location for the PFS, the HR was

0.62 (95% Cl, 0.35t0 1.12), P = .112.

The efficacy of ALKY was better for dMGMT-NETSs
(v pMGMT-NETSs), and the MGMT status seemed to have
no impact under Ox. However, the choice of the technique
to assess MGMT remains a debate, between methylation
(MS-PCR or PSQ) and IHC (type of antibody, method for
MGMT expression scoring).* The present results are con-
cordant with the randomized ECOG-ACRIN-E2211 study, in
which the MGMT status of pancreatic NETs was assessed
either by MS-PCR for the methylation (n = 57) or IHC
(n = 97); using MS-PCR, the ORR was 6 of 7 (85%) for
dMGMT and 19 of 50 (38%) for pMGMT, whereas using
IHC, the ORR was 33 of 63 (52%) for AMGMT and 5 of 34
(15%) for pMGMT.8 In this study, all the seven patients with
methylated MGMT had low IHC expression; however, the
concordance between methylation and IHC was lower (20 of

8 | © 2024 by American Society of Clinical Oncology

55, 36.4% using MS-PCR) than herein (58.3% using PSQ).
This low concordance was poorly evaluated in NETs?3 but is
well-known in glioblastoma and partly related to various
regulatory mechanisms of MGMT expression.’ The present
study was not designed to compare the superiority of a
technique over another nor to explore the value of this
biomarker when an NET is classified dMGMT by PSQ but not
by IHC or the opposite; further studies are warranted not
only to do so but also to investigate the best cutoff for the
H-score by IHC and the best cutoff of methylation by PSQ
and/or to find a better epigenetic signature of response to
ALKY since pMGMT is probably only one of the resistance
mechanisms to ALKY. In addition, the results were also
affected by the proportion of dMGMT in the study pop-
ulation, which is directly related to the population (more
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FIG 3. (A) Heatmap of main tumor characteristics and efficacy according to MGMT status and chemotherapy arm. (B) PFS in months and (C) OSin
months in patients treated with alkylating-based chemotherapy (ALKY) or oxaliplatin-based chemotherapy (Ox), according to MGMT status by

pyrosequencing and/or IHC when methylation is not interpretable (n

= 102). ALKY, alkylating agent; d, deficient; G, tumor grading; IHC, im-

munochemistry; MGMT, O®-methylguanine-DNA methyltransferase; ORR, objective response rate; OS, overall survival; Ox, oxaliplatin; p, proficient;
PEP, primary end point; PFS, progression-free survival;, PSQ, pyrosequencing.

frequent in pancreatic NET) and the type of techniques used
to assess MGMT. In the ECOG-ACRIN-E2211 study?® that only
included pancreatic NETs, MGMT was deficient in 12% (7 of
57) using MS-PCR and in 65% (63 of 97) using IHC; in the
present study, when focusing on pancreatic NET, dMGMT

Journal of Clinical Oncology

was found in 68% (30 of 44) using PSQ and 70% (28 of 40)
using IHC. The proportion of dMGMT in the overall pop-
ulation was greater than initially expected, which is in part
also explained by greater dAMGMT in thoracic NETs (23%)
than initially reported by Kulke et al.>* This might have
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favorably affected the rate of ORR found in pancreatic NETs
under ALKY (62.5%), which was, for instance, 39.7% in the
ECOG-ACRIN-E2211 under CAPTEM.?

The primary end point was not reached. However, the
3-month ORR as the primary end point was retrospectively
not optimal as the hypothesis was made from data on best
ORR, without data regarding the ORR at 3 months. However,
the present study and another recently published study
found that ORs often occur later than 3 months of ALKY.?5 In
addition, PFS under ALKY was shorter herein compared with
other studies, such as in the randomized study by Kunz et al®
(median PFS of 14.4 months for temozolomide and
22.7 months for CAPTEM). This could be explained not only
(1) by different baseline characteristics (more aggressive
disease herein according to the presence of NET-G3 and
higher proliferative index/Ki67) but also (2) by a short
chemotherapy duration herein as most French physicians
stop the chemotherapy after 6 months of disease control.*#
The optimal duration of chemotherapy remains a debate. A
too short course may impair the outcome, especially in
patients without OR. In contrast, in patients with OR, it
seems not necessary to treat patients until progression
because some patients can remain stable for more than
6 months without any treatment?®; therefore a stop-and-go
strategy may be an option, as performed in colorectal
cancer.>’

The present study using a biomarker-stratified design,
which randomly assigns all patients between ALKY and Ox
with a valid MGMT result as a stratification factor, allowed
us to evaluate the distinction between the prognostic factor
and the predictive factor of response to ALKY of this
biomarker.'”?® We found interesting efficacy (ORR and PFS)
of Ox, close to that obtained with ALKY, but not signifi-
cantly affected by the MGMT status.® This is clinically
relevant for patients with pMGMT-NETSs, which is the case
in the majority of thoracic NETs, as shown herein and by
Kulke et al.>* GEMOX could be preferred to a CAPTEM
regimen, for instance, in thoracic NETs when a chemo-
therapy is required (no 3-month ORR under ALKY). In-
terestingly, herein, OS was also better in dAMGMT-NETSs in
the Ox arm, which could be explained by the further use of
ALKY performed in that arm. The random assignment used
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herein with the Ox regimen as a control arm gives us some
data on the predictive effect of MGMT status under ALKY.
However, this raises the question of the prognostic impact
of MGMT status in NETs apart from ALKY efficacy. The
present data, against a prognostic impact of MGMT, are in
accordance with the study by Schmitt et al>® that included
141 patients with pancreatic NETs and found in univariate
analysis that the loss of MGMT protein expression corre-
lates with an adverse outcome; this prognostic value
was not retained in a multivariate analysis that included
widely accepted prognostic markers, such as grade and
stage. Similarly, Walter et al?>? reported that although pa-
tients with a hypermethylated NET phenotype (containing
more than three methylated genes) had a worse survival,
MGMT only was not prognostic in this group of hyper-
methylator phenotype.

The MGMT-NET study has limitations. The results by
subgroups must be interpreted with caution because of the
small number of patients. In addition, the included pop-
ulation was heterogeneous and had different primary NET
origin and different types of regimens per chemotherapy
arm. According to the present study including a majority of
pancreatic NETs and the study reported by Kunz et al® fo-
cusing on pancreatic NETs, much stronger evidence is
available for pancreatic NETs rather than for thoracic NETSs.
In thoracic NETSs, further studies are warranted to imple-
ment the use of MGMT for the chemotherapy choice in the
guidelines. In addition, although there was an interesting
activity of Ox for pMGMT-NETSs, the study does not report
the superiority of Ox over ALKY in pMGMT-NETSs or the
opposite in AMGMT-NETs. We considered that a phase III
study to evaluate the best chemotherapy (Ox v ALKY)
according to the MGMT status would have been impossible
to perform, given the high number of patients needed and
the rarity of the disease.’® Finally, while the 3-month ORR
was centrally reviewed, all the CT/MRI images were not for
the secondary end points (best ORR and PES); this explains
the discordance in the dMGMT-Ox group, with best ORR
being worse than the 3-month ORR.

In conclusion, despite the fact that the primary end point was
not reached, ALKY has clinical activity in patients with
dMGMT-NETS.

’Oncology Department, Lucien Neuwirth Cancer Institute, Saint Priest
en Jarez, France

80ncology Department, Oscar Lambret, Lille, France

°Department of Digestive Medical Oncology, CHU de Toulouse,
Toulouse, France

%Departement of Hepato-gastroenterology and Digestive Oncology,
Annecy Hospital, Annecy, France

""Departement of Hepato-gastroenterology and Digestive Oncology,
Amiens University Hospital, Amiens, France

2CHU Lille, Department of Endocrinology, Diabetology, and
Metabolism, University Hospital of Lille, Lille, France

30ncology Department, Estaing Hospital, Clermont-Ferrand, France



Downloaded from ascopubs.org by Hospices Civils De Lyon on November 26, 2024 from 195.254.160.193

Copyright © 2024 American Society of Clinical Oncology. All rights reserved.

Alkylating Agent in Neuroendocrine Tumors According to MGMT

4Gastroenterology-Pancreatology Department, Hopital Beaujon, Clichy,
France

"SDepartment of Hepatogastroenterology and Digestive Oncology,
Hopital Robert Debré, Reims, France

®Department of Gastroenterology and Digestive Oncology, Saint Louis
Hospital, APHP, Université de Paris, Paris, France

"Department of Pathology, Gustave Roussy Cancer Campus, Villejuif,
France

'8Bjostatistic Team of Hospices Civils of Lyon, Clinical Research
Department UMR CNRS 5558, University Lyon 1, Lyon, France
"“Gastroenterology and Technologies for Health, Research Unit
INSERM UMR 1052 CNRS UMR 5286, Cancer Research Center of Lyon,
Lyon, France

2OMulti-site Institute of Pathology of the HCL-Est Site, GHE University
Hospital, Bron, France

21Department of Molecular Biology, Institute of Multi-Site Pathology of
the HCL-Est Site, GHE University Hospital, Bron, France

CORRESPONDING AUTHOR
Thomas Walter, MD, PhD; e-mail: thomas.walter@chu-lyon.fr.

PRIOR PRESENTATION

Presented in part at the 2023 European Society of Medical Oncology
annual meeting, Madrid, Spain, October 22, 2023.

SUPPORT

Supported by Clinical Research Hospital Program grants from the
French Ministry of Health (grant PHRC-K-16-0208).

CLINICAL TRIAL INFORMATION
NCT03217097

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JC0.23.02724.

REFERENCES

DATA SHARING STATEMENT

Qualified researchers with appropriate proposals can request
deidentified individual participant data. Full details of the protocol are
available online. The data that support the findings of this study are
available upon reasonable request (equivalent purposes to those for
which the patients grant their consent to use the data). The data will be
shared after approval of a proposal, with a signed data access
agreement. Requests should be sent to the corresponding author.

AUTHOR CONTRIBUTIONS

Conception and design: Thomas Walter, Jean-Yves Scoazec, Christine
Do Cao, Julien Hadoux, Benjamin Gibert, Laura Gerard

Provision of study materials or patients: Thomas Walter, Thierry
Lecomte, Julien Hadoux, Patricia Niccoli, Léa Saban-Roche, Elisabeth
Gaye, Rosine Guimbaud, Mathieu Baconnier, Vincent Hautefeuille,
Christine Do Cao, Caroline Petorin, Olivia Hentic, Marine Perrier, Thomas
Aparicio, Laura Gerard, Alice Durand

Collection and assembly of data: Thomas Walter, Thierry Lecomte,
Julien Hadoux, Patricia Niccoli, Léa Saban-Roche, Elisabeth Gaye,
Rosine Guimbaud, Mathieu Baconnier, Vincent Hautefeuille, Christine
Do Cao, Caroline Petorin, Olivia Hentic, Marine Perrier, Thomas Aparicio,
Jean-Yves Scoazec, Valérie Hervieu, Marc Barritault, Laura Gerard, Alice
Durand

Data analysis and interpretation: Thomas Walter, Maxime Bonjour,
Delphine Poncet, Marc Barritault, Valérie Hervieu

Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

Thanks to Shanez Haouari (DRS, Hospices Civils de Lyon) for her kind
review before submission. We would also like to thank Sylvie Bin and
Benjamin Riche from the statistical teams of Hospices Civils de Lyon,
Pauline Moulle for the editing of figures, and Pierre-Jean Valette who did
the central review of imaging. The authors would like to thank the
patients, their families/caregivers, and the association APTED for their
participation.

1. Dasari A, Shen C, Halperin D, et al: Trends in the incidence, prevalence, and survival outcomes in patients with neuroendocrine tumors in the United States. JAMA Oncol 3:1335-1342, 2017
2. White BE, Rous B, Chandrakumaran K; et al: Incidence and survival of neuroendocrine neoplasia in England 1995-2018: A retrospective, population-based study. Lancet Reg Health Eur 23:100510,

2022

3. Pavel M, Oberg K, Falconi M, et al: Gastroenteropancreatic neuroendocrine neoplasms: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 31:844-860, 2020
4. de Mestier L, Couvelard A, Blazevic A, et al: Critical appraisal of MGMT in digestive NET treated with alkylating agents. Endocr Relat Cancer 27:R391-r405, 2020
5. de Mestier L, Walter T, Brixi H, et al: Comparison of temozolomide-capecitabine to 5-fluorouracile-dacarbazine in 247 patients with advanced digestive neuroendocrine tumors using propensity

score analyses. Neuroendocrinology 108:343-353, 2019

6. Delaunoit T, Ducreux M, Boige V, et al: The doxorubicin-streptozotocin combination for the treatment of advanced well-differentiated pancreatic endocrine carcinoma; a judicious option? Eur J

Cancer 40:515-520, 2004

7. Capdevila J, Ducreux M, Garcia Carbonero R, et al: Streptozotocin, 1982-2022: Forty years from the FDA's approval to treat pancreatic neuroendocrine tumors. Neuroendocrinology 112:1155-1167,

2022

8. Kunz PL, Graham NT, Catalano PJ, et al: Randomized study of temozolomide or temozolomide and capecitabine in patients with advanced pancreatic neuroendocrine tumors (ECOG-ACRIN

E2211). J Clin Oncol 41:1359-1369, 2023

9. Baudin E, Caplin M, Garcia-Carbonero R, et al: Lung and thymic carcinoids: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 32:439-451, 2021

10. Gerson SL: MGMT: Its role in cancer aetiology and cancer therapeutics. Nat Rev Cancer 4:296-307, 2004

11. Yu W, Zhang L, Wei Q, et al: 0(6)-methylguanine-DNA methyltransferase (MGMT): Challenges and new opportunities in glioma chemotherapy. Front Oncol 9:1547, 2019

12. Kunz PL, Kuo T, Zahn JM, et al: A phase Il study of capecitabine, oxaliplatin, and bevacizumab for metastatic or unresectable neuroendocrine tumors. J Clin Oncol 28, 2010 (suppl 15; abstr 4104)
13. Bajetta E, Catena L, Procopio G, et al: Are capecitabine and oxaliplatin (XELOX) suitable treatments for progressing low-grade and high-grade neuroendocrine tumours? Cancer Chemother

Pharmacol 59:637-642, 2007

14. Spada F, Antonuzzo L, Marconcini R, et al: Oxaliplatin-based chemotherapy in advanced neuroendocrine tumors: Clinical outcomes and preliminary correlation with biological factors.

Neuroendocrinology 103:806-814, 2016

15. Dussol AS, Joly MO, Vercherat C, et al: Gemcitabine and oxaliplatin or alkylating agents for neuroendocrine tumors: Comparison of efficacy and search for predictive factors guiding treatment

choice. Cancer 121:3428-3434, 2015

16. Walter T, Planchard D, Bouledrak K, et al: Evaluation of the combination of oxaliplatin and 5-fluorouracil or gemcitabine in patients with sporadic metastatic pulmonary carcinoid tumors. Lung

Cancer 96:68-73, 2016

17. Hu C, Dignam JJ: Biomarker-driven oncology clinical trials: Key design elements, types, features, and practical considerations. JCO Precis Oncol 10.1200/P0.19.00086

Journal of Clinical Oncology

ascopubs.org/journal/jco | Volume mmm, [ssue mmm | 11


mailto:thomas.walter@chu-lyon.fr
https://www.clinicaltrials.gov/ct2/show/NCT03217097
https://ascopubs.org/doi/full/10.1200/JCO.23.02724
https://ascopubs.org/doi/full/10.1200/PO.19.00086
http://ascopubs.org/journal/jco

Downloaded from ascopubs.org by Hospices Civils De Lyon on November 26, 2024 from 195.254.160.193

Copyright © 2024 American Society of Clinical Oncology. All rights reserved.

20.

21.
22.

23.
24.
25.

26.
. Tournigand C, Cervantes A, Figer A, et al: OPTIMOX1: A randomized study of FOLFOX4 or FOLFOX7 with oxaliplatin in a stop-and-go fashion in advanced colorectal cancer—A GERCOR study. J Clin

28.
29.

Walter et al

. Lemelin A, Barritault M, Hervieu V, et al: 06-methylguanine-DNA methyltransferase (MGMT) status in neuroendocrine tumors: A randomized phase Il study (MGMT-NET). Dig Liver Dis 51:595-599,

2019

. Quillien V, Lavenu A, Ducray F, et al: Validation of the high-performance of pyrosequencing for clinical MGMT testing on a cohort of glioblastoma patients from a prospective dedicated multicentric

trial. Oncotarget 7:61916-61929, 2016

Quillien V, Lavenu A, Karayan-Tapon L, et al: Comparative assessment of 5 methods (methylation-specific polymerase chain reaction, MethyLight, pyrosequencing, methylation-sensitive high-
resolution melting, and immunohistochemistry) to analyze 06-methylguanine-DNA-methyltranferase in a series of 100 glioblastoma patients. Cancer 118:4201-4211, 2012

Cros J, Hentic O, Rebours V, et al: MGMT expression predicts response to temozolomide in pancreatic neuroendocrine tumors. Endocr Relat Cancer 23:625-633, 2016

de Mestier L, Lepage C, Baudin E, et al: Digestive neuroendocrine neoplasms (NEN): French Intergroup clinical practice guidelines for diagnosis, treatment and follow-up (SNFGE, GTE, RENATEN,
TENPATH, FFCD, GERCOR, UNICANCER, SFCD, SFED, SFRO, SFR). Dig Liver Dis 52:473-492, 2020

Walter T, van Brakel B, Vercherat C, et al: 06-methylguanine-DNA methyltransferase status in neuroendocrine tumours: Prognostic relevance and association with response to alkylating agents. Br
J Cancer 112:523-531, 2015

Kulke MH, Hornick JL, Frauenhoffer C, et al: 06-methylguanine DNA methyltransferase deficiency and response to temozolomide-based therapy in patients with neuroendocrine tumors. Clin
Cancer Res 15:338-345, 2009

Gao H, Dong J, Zhang W, et al: The optimal duration of capecitabine plus temozolomide in patients with well-differentiated pancreatic NETs with or without maintenance therapy.
J Neuroendocrinol 34:e13112, 2022

De Rycke O, Walter T, Perrier M, et al: Alkylating agent rechallenge in metastatic pancreatic neuroendocrine tumors. Endocr Relat Cancer 28:457-466, 2021

Oncol 24:394-400, 2006

Ballman KV: Biomarker: Predictive or prognostic? J Clin Oncol 33:3968-3971, 2015

Schmitt AM, Pavel M, Rudolph T, et al: Prognostic and predictive roles of MGMT protein expression and promoter methylation in sporadic pancreatic neuroendocrine neoplasms. Neuro-
endocrinology 100:35-44, 2014

12 | © 2024 by American Society of Clinical Oncology



Downloaded from ascopubs.org by Hospices Civils De Lyon on November 26, 2024 from 195.254.160.193

Copyright © 2024 American Society of Clinical Oncology. All rights reserved.

Alkylating Agent in Neuroendocrine Tumors According to MGMT

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
Oxaliplatin-Based Versus Alkylating Agent in Neuroendocrine Tumors According to the 0°-Methylguanine-DNA Methyltransferase Status: A

Randomized Phase Il Study (MGMT-NET)

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or

ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open

Payments).

Thomas Walter

Honoraria: Incyte, Ipsen, Bristol Myers Squibb Foundation, Pierre Fabre,
Servier, AstraZeneca, Advanced Accelerator Applications, MSD
Oncology

Consulting or Advisory Role: Advanced Accelerator Applications, Orano
Med, Terumo, Sirtex Medical, ITM Isotope Technologies Munich
Research Funding: Biodena, Advanced Accelerator Applications, Ipsen,
Roche/Genentech

Travel, Accommodations, Expenses: MSD Oncology

Thierry Lecomte

Consulting or Advisory Role: Sanofi, Merck Serono, Servier, Amgen,
Ipsen, Pierre Fabre, AstraZeneca, BMS, Deciphera, Chugai Pharma
Europe

Research Funding: Leo Pharma (Inst), Pierre Fabre (Inst)

Travel, Accommodations, Expenses: Ipsen, Servier/Pfizer

Julien Hadoux

Honoraria: ITM Isotope Technologies Munich (Inst), AAA/Endocyte/
Novartis (Inst), HRA Pharma (Inst)

Consulting or Advisory Role: Eisai Europe, Lilly, Roche, PharmaMar,
HRA Pharma, Bayer (Inst)

Research Funding: Novartis (Inst), Lilly (Inst)

Travel, Accommodations, Expenses: Roche

Elisabeth Gaye

Honoraria: AstraZeneca, Sanofi, MSD Oncology

Travel, Accommodations, Expenses: MSD Oncology, Ipsen, Pfizer,
Takeda, Janssen Oncology

Rosine Guimbaud

Consulting or Advisory Role: Pierre Fabre, AstraZeneca, MSD Oncology,
Novartis, Bayer, Esteve, Merck Serono

Speakers’ Bureau: Amgen, Servier, AstraZeneca/Medimmune

Travel, Accommodations, Expenses: BMS, Pierre Fabre

Vincent Hautefeuille

Honoraria: Novartis, Amgen, Servier, Ipsen, Sanofi, Advanced
Accelerator Applications, Merck KGaA, Esteve, Deciphera

Research Funding: Ipsen

Travel, Accommodations, Expenses: Amgen, Sanofi, Novartis, Ipsen,
Pfizer

Journal of Clinical Oncology

Olivia Hentic

Honoraria: Ipsen, AAA HealthCare, Keocyt, Advanz Pharma, Mayoli,
Esteve

Consulting or Advisory Role: Esteve, Ipsen

Travel, Accommodations, Expenses: Ipsen, AAA HealthCare, Advanz
Pharma, Esteve

Other Relationship: Ipsen, Esteve, Mayoly-Spindler, Recordati, AAA
HealthCare, Advanz Pharma

Marine Perrier
Honoraria: Servier

Thomas Aparicio

Honoraria: Pierre Fabre, MSD

Consulting or Advisory Role: Pierre Fabre, Bristol Myers Squibb, Bayer
Travel, Accommodations, Expenses: MSD Oncology, Pierre Fabre,
Servier, BMS

Benjamin Gibert

Consulting or Advisory Role: Netris Pharma

Patents, Royalties, Other Intellectual Property: A patent on anti-netrin-1
therapy combined with immune checkpoint inhibitors (Inst), a patent on
anti-netrin-1 radioimmunotherapy (Inst)

Delphine Poncet
Travel, Accommodations, Expenses: AstraZeneca

Marc Barritault

Employment: OTR3

Leadership: OTR3

Stock and Other Ownership Interests: OTR3

Consulting or Advisory Role: OTR3

Research Funding: Roche (Inst)

Patents, Royalties, Other Intellectual Property: Patents from Pr Denis
Barritault who is my father on composition for the treatment of tissue
lesions, patent number EP 3 626 256 B1

Travel, Accommodations, Expenses: AstraZeneca, Bristol Myers
Squibb, Roche

No other potential conflicts of interest were reported.

ascopubs.org/journal/jco | Volume mmm, [ssue mmm


http://www.asco.org/rwc
https://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
http://ascopubs.org/journal/jco

	Oxaliplatin ...
	INTRODUCTION
	PATIENTS AND METHODS
	Study Design and Patients
	Study Procedures
	End Points
	Statistical Analysis
	Ethical Considerations

	RESULTS
	Patient Characteristics
	Administration and Safety of Chemotherapies
	Evaluation of MGMT Status
	Efficacy of Chemotherapies
	Primary End Point
	Secondary End Points

	DISCUSSION
	REFERENCES
	jcojcoJCOJournal of Clinical Oncology0732-183X1527-7755Wolters Kluwer HealthJCO.23.0272410.1200/JCO.23.02724Original Report ...


