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Background: Retrospective studies and single center experiences suggest a role of capecitabine combined with temozolomide
(CAPTEM) in neuroendocrine tumors (NENs).

Methods: We performed a systematic review to assess the efficacy and safety of CAPTEM in patients affected with NENs, with the
aim to better clarify the role of this regimen in the therapeutic algorithm of NENs.

Results: A total of 42 articles and 1818 patients were included in our review. The overall disease control rate was 77% (range 43.5%-
100%). The median progression free survival ranged from 4 to 38.5 months, while the median overall survival ranged from 8 to 103
months. Safety analysis showed an occurrence of G3-G4 toxicities in 16.4% of the entire population. The most common toxicities
were hematological (27.2%), gastrointestinal (8.3%,) and cutaneous (3.2%).

Conclusion: This systematic review demonstrated that CAPTEM was an effective and relatively safe treatment for patients with
advanced well-moderate differentiated NENs of gastroenteropancreatic, lung and unknown origin.
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Introduction
Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors which have experienced a 7-fold increase in
incidence in the last 40 years.'”> Their prognosis varies in accordance with tumor morphology and Ki67 proliferation
index, as well as with the primary site of origin.*®
The most recent World Health Organization (WHO 2019) classification refers to gastroenteropancreatic NENs (GEP-NENSs),
that represent more than half of all NENs. GEP-NENSs are classified in well differentiated neuroendocrine tumors (NETs) G1
(Ki67<3%), NETs G2 (Ki67 3—20%), NETs G3 (Ki67>20%) and poorly differentiated neuroendocrine carcinomas (NECs).?
The management of NETs should always be multidisciplinary, as treatments include curative or debulking surgery,
locoregional treatments, systemic therapy with different agents like the somatostatin analogues (SSAs), tyrosine kinase
inhibitors (TKIs), mammalian target of rapamycin (mTOR) inhibitors, peptide receptor radionuclide therapy (PRRT) and
chemotherapy. Except chemotherapy, all of these available systemic anti-tumor treatments were approved based on
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randomized clinical trials, showing a significant improvement in progression free survival (PFS), although no

significant advantage in terms of overall survival (OS) and tumor shrinkage has been reported.'* '

Cancer Management and Research 2022:14 3507-3523 3507
Received: 17 May 2022 © 2022 Arrivi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati li /by-nc/3.0/). By accessing the work

Accepted: 9 August 2022
Published: 21 December 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Arrivi et al Dove

Graphical Abstract

ol
=5

l Capecitabine

§ i I '
X Temozolomide Purine Pyrimidine

precursors precursors
} |
4 5\ L FOLATE
L . < >
Purine Pyrimidine
nucleotides nucleotides
) i
‘ MTIC
Monomethyl
i -~ triazenoimidazole
( carboxamide
-\
e ' -
DNA A
SALP<D
'mRNA

v Neuroendocrine Cancer Cell

15717 oxaliplatin or irinotecan-based'® *° represent the standard

While the chemotherapy regimens with platinum/etoposide,
of care for the treatment of NECs, more unclear and controversial is its role in the metastatic setting of well to moderately
differentiated NETs. The use of the alkylating agent streptozocin appears to have the most antitumor activity in NENs, especially
in pancreatic tumors, but at the same time a not negligible toxicity.>'~** In recent years, the oral alkylating agent temozolomide
showed promising activity and tolerance profile, used either as a single agent or in combination with capecitabine, an oral
prodrug for 5-fluorouracil.**** The mechanism of action of capecitabine plus temozolomide (CAPTEM) in NETs is still unclear,
although apoptotic synergism has been demonstrated in vitro.>> The antimetabolite capecitabine incorporates 5-fluorodeoxyur-
idine triphosphate into the DNA, which leads to attenuation of the repair activity of MGMT through inhibition of thymidylate
synthase and reduction of thymidine levels. Therefore, 5-FU treatment depletes the expression of MGMT in all cell lines,
consequently the expression of low levels of MGMT correlates with more sensitivity to 5-FU.?® On the other hand, cells
expressing high levels of MGMT were less sensitive to 5-FU.?"*® Literature data about the predictive role of MGMT are
controverse.” > For these reasons, nowadays, MGMT status might not represent a useful biomarker of response.

Albeit CAPTEM is currently used in clinical practice, and has also been included in national and international guidelines
such as the European Society for Medical Oncology (ESMO) and Associazione Italiana Oncologia Medica (AIOM),**** no
high-quality evidences or prospective randomized Phase III controlled trials have been published so far. Most of the data
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come from retrospective studies and single center experiences, whereas only four Phase I-II studies were published.”” "

Furthermore, the efficacy of CAPTEM was mostly investigated in GEP-NETs but some evidences suggested a role also in
NETs of lung and thymic origin and unknown primary site, irrespective of the treatment line.®':*>7¢
We performed a systematic review to assess the efficacy and safety of CAPTEM, including long-term outcomes in

patients affected with NENs, with the aim to better clarify the role of this regimen in the therapeutic algorithm of NENS.
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Materials and Methods
Search Strategy

This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) guidelines.”’ The literature search in PubMed, Cochrane Central Register of Controlled Trials, SCOPUS, Web of
Science and Google Scholar, was performed in April 2021 to identify available articles, both published and in abstract form,
that evaluated the efficacy of capecitabine and temozolomide (CAPTEM) for the treatment of advanced neuroendocrine
neoplasms (NENs). For PubMed the searching strategy was as follows: (“temozolomide” OR “Temodal” OR “TMZ”’) AND
(“Capecitabine” OR “Xeloda”) AND (“Neuroendocrine Tumors” OR “Carcinoma, Neuroendocrine” OR “Carcinoid Tumor”
OR “Neuroendocrine Tumor” OR “Tumor, Neuroendocrine” OR “Tumors, Neuroendocrine” OR ‘Neuroendocrine
Carcinoma” OR “Neuroendocrine Carcinomas” OR “Carcinoid Tumors” OR “Tumor, Carcinoid” OR “Tumors, Carcinoid”
OR “Carcinoid), while key words “temozolomide, capecitabine, neuroendocrine” were used for searching in Cochrane Central
Register of Controlled Trials, SCOPUS, Web of Science and Google Scholar.

Meeting abstracts, for a 5-year period (2016 to January 2021) including those of the American Society of Clinical
Oncology (ASCO), European Society for Medical Oncology (ESMO), European Neuroendocrine Tumor Society
(ENETS), Associazione Italiana Oncologia Medica (AIOM) and North American Neuroendocrine Tumor Society
(NANETS) were also checked.

Study Selection Criteria and Data Extraction

The following criteria were used to identify eligible studies for our review: studies describing CAPTEM for the treatment
for advanced NENS; studies reporting tumor response outcome measures and/or toxicities, and studies clearly reporting
World Health Organization (WHO) grading of patients. The search, restricted to the English language, was then limited
to prospective clinical trials and retrospective or prospective cohort series including more than 10 patients. Case reports
and case series, editorials, commentaries, meta-analyses, review articles, and animal studies were excluded. After this
selection process, the selected studies and abstracts were independently screened by two authors (G.A. and M.V.).
Finally, full-text articles were reviewed for all studies that met the inclusion criteria.

The primary endpoint was to evaluate the disease control rate (DCR), defined as the percentage of patients who
experienced partial response (PR), complete response (CR), or stable disease (SD), according to the RECIST 1.1 criteria.
Secondary endpoints were: a) median PFS, defined as the time from study enrollment to the first evidence of disease
progression, or death from any cause, b) overall survival (OS), defined as the time from study enrollment to death due to
any cause, ¢) grade 3/4 toxicities, according to Common Terminology Criteria for Adverse Events (CTCAE 4.0).
Graphical histograms were generated to better visualize pooled tumor response and toxicities.

Data were extracted independently by 2 authors (G.B. and M.R.) and entered into a standardized, predesigned Microsoft
Excel form. The following data were recorded: author, publication year and study design; number of total patients; median
age of patients; dose and schedule of CAPTEM,; lines of treatment; site of primary tumor and histotypes according to WHO;
median OS; median PFS; DCR among all evaluable patients. Each author also assessed the quality of reporting.

Results

Literature Search and Included Studies

Overall, a total of 310 records has been identified using the aforementioned search strategy, and we excluded 147 duplicate
articles. After screening the titles and abstracts, 70 records were excluded for irrelevant content. Of the remaining 93
potentially relevant studies, we excluded 5 review articles, 16 case reports and 2 comments. Furthermore, 2 records were
excluded because of non-English language, 23 for not having enough data available and 3 duplicates. Finally, we included 42
articles involving 1912 patients with advanced NENs in our review. The selection process was showed in Figure 1. The 42
selected articles were published between 2003 and 2021 and comprised 38 retrospective studies, 2 Phase II studies and 2
phase I-II studies. A total of 1818 patients were studied in this review. The main characteristics of each study are listed in
Table 1, and their detailed eligibility criteria and results have been previously reported.
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Figure | Flow diagram representing the systemic review process performed according to PRISMA statement.
Notes: Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535. doi:|0. I 136/bmj.b2535.””

Patients’ Characteristics and Treatment Regimens

The whole number of NEN patients in this review was 1912, ranged in each study from 10 to 151. The age of patients
ranged from 47 to 63 years. In about 90% of records (N = 39/42) GEP-NENSs patients were enrolled, while two studies
involved patients with lung NENs and one involved unknown primary origin NENs.

Regarding WHO classification, most studies involved NET G1-G2-G3, both typical and atypical lung carcinoid; 26%
of studies (N =11/42) included also NEC. In one trial histopathological differentiation was not reported.

A CAPTEM regimen was administered in all studies until either disease progression or unacceptable toxicity levels.
The most used schedule of treatment was temozolomide (TEM) 200 mg/m2 on days 10-14 + capecitabine (CAP)
750 mg/m2 BID on days 1-14. All CAPTEM schedules are summarized in Table 1. CAPTEM was administered in
the second or subsequent lines of therapy, except for one study where patients, naive for treatment, were enrolled.”

In about 10% of the studies (N =4/42) CAPTEM was administered concomitantly or sequentially to Peptide Receptor
Radionuclide Therapy (PRRT) (Table 1). 3647374

Efficacy (DCR, PFS, OS)
According to RECIST 1.1 criteria, tumor response was assessed in 1864 patients from forty-one studies (Table 2).
Overall, DCR was 77% (range 43.5%-100%), SD was 40%; PR was 34.8% and CR was 2.3%, PD was observed in
18.5% of patients (see Figure 2).

The mPFS was reported in 35 of the included studies, ranging from 4 to 38.5 months, while mOS was reported in 32
studies, ranging from 8 to 103 months. In 8 studies mOS was not reached (Table 2).
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Table | Characteristics of Trials Included in the Review

m? BID I-14

First Author, Year Type of the Treatment Regimen Patients Median Site of Primary Histotypes (WHO) Line of Treatment Duration of Treatment
of Publication Study (N) Age, y Tumor (1 or > 1 Line)
Fine, 2005 Retrospective | TEM 150-200 mg/m? 10-14 + CAP 106 - Gl NET, panNET, lung, WD NET >| line -
1500 mg/m? 1-14 others
Isacoff, 2006°¢ Retrospective | TEM 150-200 mg/m? 10—14 + CAP 17 816 54 panNET NET >| line -
1000 mg/m? BID I-14
Strosberg 20113 Retrospective | TEM 200 mg/m? 10—14 + CAP 750 mg/ 30 58 panNET NET GI-G2 >/=1 line Il pts until PD, 15 until treatment
m2 BID I-14 break (non-specified)
Welin, 2011%® Retrospective TEM 150 mg/m2 10-14 + CAP 750- 25 55 GI NET, panNET, lung, NEC, atypical carcinoid >| line -
1000 mg/m? BID 1-14 unknown (ki-67>20%)
Claringbold, 20127* Phase I-lI TEM 200 mg/m? 1014 + CAP 750 mg/ 35 *34 63 GI NET, panNET, lung WD NET >/=1line 4 cycles
m’ BID 1-14
Ganetsky, 2012%° Retrospective - 20 64 GI NET, panNET, lung, NET GI-G2-G3 >| line -
others
Fine, 2013 Retrospective TEM 150-200 mg/m? 10-14 + CAP 18 54 GI NET, panNET WD NET >| line Until PD
600 mg/m? BID 1-14
Oberstein, 2013 Retrospective TEM 150200 mg/m? 1014 + CAP 18 55 GI NET, panNET, others | NET GI-G2 (Ki67<10%) >l line -
1000 mg/m? BID |14
Abbasi, 2014% Retrospective TEM 150-200 mg/m? 1014 + CAP 21 47 panNET, GI NET WD NET (Ki67<10) >| line Until PD or death
600 mg/m* BID 114
Fine, 2014* Retrospective TEM 150200 mg/m? 10-14 + CAP 28 - GI NET, panNET, lung, WD NET (ki-67 <20%) >| line -
1500 mg/m? I-14 others
Ramirez, 2015* Retrospective - 30 58.5 GI NET, panNET, lung, NET - > | cycle
others
Spada, 2015% Retrospective | TEM 150-200 mg/m? 10—14 + CAP 58 58 Gl NET, panNET, lung, | NET GI-G2-G3, typical, >| line =
1500 mg/m? BID 1-14 unknown atypical carcinoid
Chaves, 2016* Retrospective TEM 150200 mg/m? 10-14 + CAP 10 59 GI NET, panNET NET GI1-G2-G3 >/=1 line -
750 mg/m? BID 1-14
Cives, 2016 Retrospective | TEM 200 mg/m? 10—14 + CAP 750 mg/ 143 59 panNET NET G1-G2-G3 >/= | line 9 cycles (median number)

(Continued)
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Table 1 (Continued).

First Author, Year Type of the Treatment Regimen Patients Median Site of Primary Histotypes (WHO) Line of Treatment Duration of Treatment
of Publication Study (N) Age, y Tumor (1 or > 1 Line)
Claringbold, 20167° Phase |-l TEM 200 mg/m? 10—14 + CAP 750 mg/ 30 60 panNET NET GI-G2 >l line 4 cycles (8 weeks)
m? BID |-14
Crespo, 2016* retrospective - 25 121 56 GI NET, panNET, lung, NEN (60% Ki67<50%) >/= | line =
others
Ramirez, 2016 Retrospective | TEM 200 mg/m? 10—14 + CAP 750 mg/ 29 58 Gl NET, panNET, lung NET GI-G2-G3 - | cycle at least
m? BID I-14
Crespo, 2017%° Retrospective | TEM 200 mg/m? 10—14 + CAP 750 mg/ 65 62 GI NET, panNET, lung, NET GI-G2 >/= | line | cycle at least
m? BID I-14 others
Lamarca, 2017°° Retrospective | TEM 200 mg/m? 10—14 + CAP 750 mg/ 60 63.6 GI NET, panNET, lung, NET GI-G2-G3 >/=1 line 6 cycles
m? BID I-14 others
Owen, 2017°' Retrospective TEM 200 mg/m? 10-14 + CAP 38 %29 53 panNET NET GI-G2-G3 >/= | line At least | cycle (median number 4
1500 mg/m? 1-14 cycles)
Chauhan, 2018 Retrospective | TEM 200 mg/m2 10-14 + CAP 750 mg/ 12 62 unknown NET GI-G2-G3, NEC >/=1 line 6 cycles (median number)
m? BID 1-14
Campana, 2018 Retrospective TEM 10-14 + CAP 1-14 95 62 panNET, lung, others NET GI-G2, NEC >/=1line 6 (1-45) cycles (median number)
Smiroldo, 2018 Retrospective TEM 75 mg/m? BID 10-14 + CAP 27 6l GI NET, panNET, lung, NET >/=1 line 6 (2-25) cycles (median number)
600 mg/m? BID 1-14 others
Soulen 2018°° Retrospective TEM 150200 mg/m? 1014 + CAP 21°19 58 GI NET, panNET, lung, NET G2 >/= | line =
600 mg/m? BID 1-14 unknown
De Mestier, 2019°° Retrospective TEM 150-200 mg/m? 1014 + CAP 153 57.7 GI NET, panNET NET GI-G2-G3 >/=1 line 6 cycles (median number)
750 mg/m? BID 1-14
Rogowski, 2019°7 Retrospective TEM 150200 mg/m? 1014 + CAP 32 55 Gl NET NET G3, NEC >/= 1 line -
600 mg/m? BID 1-14
Sahu, 2019°® Retrospective | TEM 100 mg/m? 10-14 + CAP 750 mg/ 32 58 GI NET, panNET, lung, NET G2-G3 >/= | line 6 (2—16) cycles (median number)
m? BID I-14 unknown
Yordanova, 2019°° Retrospective TEM 150-250 mg/m? 10-14 + CAP 12%11 54 GI NET, panNET, others NET G2-G3 >/= 1 line Until PD
500—1000 mg/m? BID |14
Al Toubaah, 2020%° | Retrospective - 32 - GI NET - - 8 (0-73) months (median number)
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Al Toubaah, 2020°' | Retrospective | TEM 200 mg/m? 1014 + CAP 750 mg/ 20 - lung Typical, atypical NET, >/= 1 line Until PD, max response, physician
m? BID I-14 LCNEC choice
Chatzellis, 2020°* Retrospective | TEM 200 mg/m? 10-14 + CAP 750 mg/ 79 60 GI NET, panNET, lung, NEN GI-G2-G3 >/=1 line 12.1 (0.6-55.6) months (median
m2 BID I-14 tymic number)
De Mestier, 2020 Retrospective TEM 150-200 mg/m2 10-14 + CAP 100 57 panNET NET GI1-G2-G3 >/= | line 7 £ 4.5 cycles
750 mg/m? BID 1-14
Ostwal, 2020 Retrospective | TEM 200 mg/m2 10-14 + CAP 750 mg/ 29'24 48 Gl NET, panNET NET G2-G3 >/= | line 4 (1-15) cycles (median number)
m? BID 1-14
Papaxoinis, 2020 Retrospective | TEM 200 mg/m2 10-14 + CAP 750 mg/ 33 - lung Typical, atypical carcinoid >| line 6 cycles (median number)
m’ BID 1-14
Squires, 2020% Retrospective TEM 200 mg/m* 10-14 + CAP 30 panNET NET GI-G2-G3 | line (neoadj)
1500 mg/m? 1-14
Thomas, 2020¢” Retrospective | TEM 200 mg/m2 10-14 + CAP 750 mg/ 16 56 GI NET, panNET, lung, WD NET, NEC >/=1 line 9.5 cycles (median number)
m’ BID 1-14 others, unknown
Wang W, 2020%® Retrospective TEM 150200 mg/m* 10-14 + CAP 151 49 GI NET, panNET, NET GI1-G2-G3, NEC >/=1 line 5 (2-44) cycles (median number)
750-850 mg/m2 BID 1-14 others, unknown
Dogan, 2021¢° Retrospective = 43 59 GI NET, panNET WD NET, NEC >| line -
Jeong, 20217* Phase Il TEM 200 mg/m? 10—14 + CAP 750 mg/ 30 55 GI NET, panNET NET G3, NEC >/= | line Until PD, max toxicity
m? BID I-14
Liu, 20217° Retrospective - 20 59.5 GI NET, panNET, NET G3 I line -
unknown
Spada, 20217 Retrospective TEM 150-200 mg/m? 1014 + CAP 114 59 Gl NET, panNET, lung, NET G1-G2-G3, NEC >/=1line Until PD, max toxicity
750 mg/m* BID 1-14 unknown
Zrajkowska, 202173 Phase I - 2140 58.6 panNET NET G1-G2-G3 >| line -
midgut

Notes: *34 pts evaluated for response rate (RR); 121 pts evaluated for RR; 6 pts evaluated for RR; $16 pts evaluated for RR; ‘24 pts evaluated for RR; #29 pts evaluated for RR; ‘19 pts evaluated for RR; ¥ 11 pts evaluated for RR; “pts

evaluated for RR.

Abbreviations: TEM, temozolomide; CAP, capecitabine; BID, bis in die; Gl NET, gastrointestinal (non-pancreatic) neuroendocrine tumor; panNET, pancreatic neuroendocrine tumor; NEC, neuroendocrine carcinoma; G, histological
grading; PD, progression disease; max, maximum.
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Table 2 Summary of Tumor Responses with CAPTEM Treatment from the Analyzed Studies

Study, Year Patients (N) | mOS [95% CI] | mPFS [95% DCR CR PR sD PD
(Months) CI] (Months) N@®) | N®%) | N N (%) N (%)
Fine, 2005 6 - - 5 (83) 1 (17) 2 (33) 2 (33) I (17)
Isacoff, 2006°¢ 16 8 (4-17) - 13 (77) | (6) 9 (53) 3(18) 3(18)
Strosberg 2011°7 30 38 (32-46) 13 (11-23) 85 (74) () 23 (20) 61(53) 31 (27)
Welin, 20113¢ 25 253 (13.7-36.9) | 7.1 (3.6-10.6) 6 (545 | 0(0) 1 9) 5(455) | 5(45.5)
Claringbold, 20127+ 34 NR 31 (21-33) 3191 | 5(15) 13 (38) 13 (38) 3(9)
Ganetsky, 2012% 20 - 16 3 (65) 0 (0) 6 (30) 7 (35) 7 (35)
Fine, 2013 8 83 (19-140) 14 (4-18) 5 (83) | (6) 10 (55) 4(22) 3(17)
Oberstein, 2013*' 8 - 14 (4-18) 5 (84) | (6) 10 (56) 4(2) 3 (16)
Abbasi, 2014% 21 - 16.5 17 (80) 0 (0) 12 (57) 5 (23) 4(19)
Fine, 2014 28 25 20 27.97) | 3(11) 9 (32) 15 (54) I (3)
Ramirez, 2015* 30 - [y 22 (73) 0 (0) 10 (33) 12 (40) 8 (27)
Spada, 2015% 58 37 (30-56) 15 (10-21) 92 (81) I (1) 37(33) | 54(47) | 22(19)
Chaves, 2016* 10 48 - 5 (50) I (10) - 3 (30) I (10)
Cives, 2016 143 73 (52-81) 17 (15-25) 127 (89) | 0(0) 77 (54 | 50 (35) 16 (I1)
Claringbold, 20167 30 NR 48 30 (100) | 4(13) | 20(67) 6 (20) 0 (0)
Crespo, 2016% 21 8 (5-11) 4 (4-5) 12 (44) 0 (0) I (4) Il (423) | 10 (385)
Ramirez, 2016 29 NR 12 19 (65) 0 (0) 5(17) 14 (48) 10 (35)
Crespo, 2017*° 65 38 (25-52) 16 (11-22) 58 (90) 2 (3) 29 45) | 27 92 10 (10)
Lamarca, 2017°° 60 27 (16-NR) 10 (7-14) 43 (71) 0 (0) 1423) | 29 (48) -
Owen, 2017°' 29 29.3 (17.7-45.3) 13 (5.6-17) 26 (90) 0 (0) I (38) 15 (52) 3 (10)
Chauhan, 2018°* 12 - - 9 (75) 0 (0) 6 (50) 3 (25) 3 (25)
Campana, 2018 95 33 (20-46) 10 (5.6-144) | 68(71.6) | 0(0) | 26 (274) | 42 (44.2) | 27 (284)
Smiroldo, 2018 27 NR 4 16 (59) 0 (0) - - -
Soulen 2018 19 NR 385 (29.8-47) | 19 (100) | 3 (l6) Il (58) 5 (26) 0 (0)
De Mestier, 2019°¢ 153 60.5 (54.3-66.8) | 183 (13.8-21.7) | 128 (84) | 4(3) 60 (39) | 64(42) | 25(l6)
Rogowski, 2019 32 15.6 (8-22) 7 (3-15) 18 (56) 0 (0) 11 (34) 722 14 (44)
Sahu, 2019°® 2 24 (17-30.8) 10 3.7-16.2) 20(63) | 4(13) 11 (34) 5(16) 12 (37)
Yordanova, 2019°° I NR 4 16 (59) 0 (0) - = -
Al Toubaah, 2020%° 0 - - 21 (67) 0(0) | 6(187) | I15(468) | 5(156)
Al Toubaah, 2020°' 20 68 (35-101) 13 (4-22) 17 (85) 0 (0) 6 (30) Il (55) 3 (15)
Chatzellis, 2020°* 79 103 (43-163) 10 (6-14) 47 (59) 0 (0) 23 (29) 24 (30) 28 (35)
De Mestier, 2020% 100 75 (58.5-92) 21.4 (125-27.4) | 87 (87) 2(2) 49(49) 36 (36) 13 (13)
Ostwal, 2020% 24 NR 34 (22-46) 18 (6l) | 3(10) 14 (48) I @3) 6 (25)
(Continued)

https:

3514

Dove!

Cancer Management and Research 2022:14



https://www.dovepress.com
https://www.dovepress.com

Dove

Arrivi et al

Table 2 (Continued).
Study, Year Patients (N) | mOS [95% CI] | mPFS [95% DCR CR PR sD PD

(Months) CI] (Months) N@&) | N@®) | N%) N (%) N (%)
Papaxoinis, 2020°° 33 30.4 (25.6-35) 9 (4.6-13.4) 25 (76) 0 (0) 6 (18) 19 (58) 8 (24)
Squires, 2020° 30 - 18 (9-31) 29 (97) 0 (0) 21 (70) 8 (27) I (3)
Thomas, 2020%” 116 74 12 115 (77) 32 37 (25) 75 (50) 36 (23)
Wang W, 2020% 51 22 (8-27) 6 (4-14) 17 (71) | (4) 7 (29) 9 (38) 7 (29)
Dogan, 2021°° 43 = 18 32 (76) I (3) 16 (38) 16 (38) =
Jeong, 202172 30 NR (10.5-NR) 59 (4-11) 23 (77) I (3) 8 (27) 14 (47) 7 (23)
Liu, 20217° 20 41 (17-NR) 9 (3-16) 13 (65) 0 (0) 7 (35) 6 (30) 7 (35)
Spada, 20217 114 40 (23-122) - 43 (74) 0 (0) 13 (22 30 (52) -

Abbreviations: NR, not reached; —, not available; mOS, median overall survival; mPFS, median progression free survival; DCR, disease control rate; CR, complete response;
PR, partial response; SD, stable disease; PD, progression disease.

Safety

The safety analysis included 1133 patients from 29 studies (Table 3). Thirteen records were excluded because no safety
data have been reported. 16.4% of the entire population reported G3-G4 toxicities. Among them, the most common were
hematological (27.2% of patients), gastrointestinal (8.3%), and cutaneous (Hand-Foot Syndrome, 3.2%). Other toxicities
such us insomnia, anorexia, asthenia, and mucositis were observed in 5.5% of patients. A complete list of safety profile
was reported in the Figure 3.

Discussion
Our systematic review showed that CAPTEM could represent an effective and relatively safe treatment for patients with

advanced NENs regardless of the site of origin and should be prioritized for well to moderate differentiated NENs
considering its best outcomes in these subgroups of patients.

40,0%
34,8%
SD

77,0%

Radiological response to CAPTEM (%)

18,5%
2,30%
I
CR PD

Figure 2 Graphical histogram of responses to CAPTEM in the analyzed studies: disease control rate (DCR), stable disease (SD), partial response (PR), complete response (CR).

DCR

PR
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Table 3 Summary of Toxicities (Grade 3 to 4) with CAPTEM in the Analyzed Studies

Study, Year Patients Toxicities Gastrointestinal Hematological Cutaneous Others
(N) (all) N (%) N (%) N (%) N (%)
Fine, 2005°° 10 1(10) - - 1(10) -
Isacoff, 2006°¢ 17 - - 2(12) - 1(6)
Strosberg 201 1% 30 4(12) I (3) 2 (6) - I (3)
Welin, 201 138 25 3 (12) I (4) 1(4) = 1(4)
Ganetsky, 2012°° 20 - 4(20) I (5) - 3(15)
Fine, 2013 18 - - 2 (1) - -
Oberstein, 2013*' 18 - - 2(11) - -
Fine, 2014% 28 - 13) 10(35) - 4(15)
Claringbold, 20167° 30 - - 3(10) - -
Crespo, 2016 25 4(15.2) = 4(15.2) - =
Ramirez, 2016% 29 - 3(10) 931) - -
Crespo, 2017% 65 9(13.8) I (1.5) 14 (21.6) = =
Owen, 2017°' 38 - 2(5) 9(24) - -
Chauhan, 2018 12 = = = = 1(8)
Smiroldo, 2018 27 2(7) - 2(7) - -9)
De Mestier, 2019°¢ 146 36 (24.7) 6(4.2) 28 (19.2) 3(21) 7(4.8)
Rogowski, 2019°7 32 - 2(6) 8(25) 2 (6) I (3)
Sahu, 2019 32 10 (31.3) 8(25) 10(31.3) = 4(12.5)
Yordanova, 2019%° 12 - 4 (26.6) - - -
Al Toubaah, 2020¢° 32 = 9 (28) 13 (40.6) = 2 (62)
Al Toubaah, 2020°' 20 - 1(5) 2(10) - -
Chatzellis, 2020° 79 = = 4(5) - =
De Mestier, 2020 94 21 (22.3) 4(4.2) 19 (20.3) 3(2.3) -
Ostwal, 2020% 29 - 4 (14) 10 (35) = I (3)
Papaxoinis, 2020%° 33 - I (3) 6 (18.2) - -
Squires, 2020 30 4(12) 2(6) 2(6) = =
Wang W, 2020%° 151 7(4.6) - - - -
Jeong, 202172 30 8(26.7) 5(16.6) 6(20) = 1(3.3)
Zrajkowska, 202173 21 - - (18) -(9) - -

Abbreviation: —, not available.

Efficacy and safety analysis of the CAPTEM chemotherapy regimen demonstrated a DCR of 77% (range: 54.5—

100%) and a severe toxicity rate of 16.4% in NENs of gastrointestinal, lung and unknown origin.

In the management of NENs, surgical resection represents the gold standard treatment, but not all patients are
candidates due to late diagnosis or high tumor burden."”®”® Systemic anti-tumor treatments available for advanced
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27,2%

16,4%

CAPTEM toxicity (G3/G4 grade) (%)

5,8%

8,3%
Gl HFS

Figure 3 Graphical histogram of gastrointestinal (Gl), hematological (HEMA), hand-foot syndrome (HFS), and any other G3-G4 toxicities that occurred within the analyzed studies.

Any toxicity = HEMA Others

GEP-NENSs, including SSAs, TKIs, mTOR inhibitors and PRRT - commonly used in well to moderate differentiated

NENSs management - were approved on the basis of randomized clinical trials,” "'

while chemotherapy is widely used
in poorly differentiated NENs, based on mostly retrospective experiences.?>”-"!8%8! Indeed, the vast majority of
randomized trials about chemotherapy were conducted in the 1980s and 1990s and no placebo-controlled randomized
trials have been published.?!-*2-8278¢

The role of chemotherapy in NENs has progressively increased with the development of recent systemic therapies,
and it is now used not only in NECs but also in NETs. Although several chemotherapy regimens have been associated
with antitumor activity, there is not a consensus regarding the optimal use and indications of cytotoxic agents in NENS.
Platinum/etoposide, 5-FU based protocols and capecitabine/temozolomide are the most commonly used regimens in
current practice. Treatment choice and schedule may be different depending on patient and tumor characteristics, tumor
grading and primary site, but the therapeutic algorithm is still a matter of ongoing debate.

The 2012 NORDIC NEC retrospective analysis highlighted that G3 NENs represented a heterogeneous group of
neoplasms: G3 NENs with a Ki-67 index between 20% and 55% seemed to have a less aggressive behavior and
sensitivity to platinum-based chemotherapy than those with a Ki-67 index > 55%.%”*® Chemotherapy protocol with
cisplatin and etoposide showed a better response (ORR = 67%) in NEC than NETs (ORR = 7%)* and streptozotocin-
based therapies prolonged survival in NETs.*’

Although the definition of NETs G3 and NEC has recently been revised and a different response to chemotherapy was
reported in the literature, treatment strategies are substantially the same between these clinical subgroups. Nowadays the
distinction between NETs G3 and NEC, appears extremely important in order to better tailor treatment options for
patients with NETs, adding chemotherapy to TKIs, SSAa and PRRT in therapeutic management.

As mentioned before, there is a lack of prospective, randomized trials, but this has led to the widespread use of
several alkylating agents and their combinations - including temozolomide alone or in association with SFU-based
chemotherapy - in the treatment of advanced or metastatic NENs.>**%° According to its mechanism of action, and
considering its favorable toxicity profile, the CAPTEM regimen, is now routinely used in clinical practice especially in
G2-G3 NETs.”*¢’

A recent single-arm phase II trial, including only unresectable or metastatic GEP-NENs G3 with a Ki-67 labeling
index >20% and <55% treated with CAPTEM, showed a significantly PFS and OS improvement in NETs compared to
NEC (9.3 months versus 3.5 months, P = 0.005, not reached versus 6.2 months, P = 0.004, respectively). Furthermore,
patients with NEC had both a lower ORR (14.3% versus 34.8%, P = 0.393) and DCR (42.9% versus 87.0%, P = 0.033)
than NETs G3, supporting the role of CAPTEM as preferred treatment for patients with well-differentiated G3 NETs.”?
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When compared to 5-FU and platinum-based chemotherapy regimens, CAPTEM showed a better DCR in G3 NETs
(DCR: 65%, 57.1% and 50% in CAPTEM, FOLFOX and cisplatin plus etoposide arm, respectively) although this did not
translate into a survival benefit. A possible explanation for the lack of survival benefit may lie in the different sample size
for each treatment group, which were underpowered to assess OS benefits. When stratified by the treatment line and Ki67
index, naive patients and NETs with Ki-67 <55% showed an OS and PFS benefit, confirming a more favorable profile of
CAPTEM in the first line setting of G3 NETs with Ki-67 20-54%."

A retrospective Italian multicentric experience,”' showed a global lower ORR of 28%, median PFS of 14.7 months
and median OS of 35.6 months in TEM-based chemotherapy treated patients, without significant difference between
TEM alone and CAPTEM groups. Although the heterogeneity of population with NENs in terms of primary sites, tumor
grade and different schedules, does not allow to drawn definitive conclusions, this study confirmed a worse prognosis for
patients who had received more than two lines of chemotherapy before CAPTEM. Interestingly, the favorable outcomes
reported in lung NETs suggested a role of TEM-based chemotherapy in this setting.

An Italian “Real-World” data analysis®' reported no significant difference in survival in all NENs, in relation to
chemotherapy protocol and to the primary site of disease when treated with TEM or CAPTEM. The ORR of 44.1% and
the DCR of 70.9%, suggested that TEM-based regimen could be used to reduce the tumor burden and palliate symptoms.

One of the most recent randomized phase II trial (E2211) comparing CAPTEM to TEM monotherapy in 144 patients
with advanced low or intermediate grade pNETs, established CAPTEM as standard chemotherapy in advanced pNETs.
Although no significant difference in ORR (33.3% for CAPTEM vs 27.8% for TEM, p = 0.47) was reported between the
two treatment arms, the combination was associated with a significantly longer median PFS than TEM monotherapy
(22.7 vs 14.4 months).”” The imbalance between the two arms, as the patients included in the CAPTEM arm had pNETs
of a significantly lower grade, could justify the similar data of ORR. A propensity score-based retrospective analysis
including 138 patients with advanced, progressive pNETs demonstrated a similar PFS between TEM and CAPTEM arms,
but ORR (34.2 vs 51%, p = 0.088) and DCR (73.7 vs 87%, p = 0.075) tended to be higher in the CAPTEM group.®®

It is noteworthy that, although not statistically significant in the aforementioned studies, ORR was higher in NENs
treated with CAPTEM compared to most approved therapy (= 30%). To our knowledge, there have been no prospective,
randomized clinical trial comparing CAPTEM to single-agent tyrosine kinase inhibitors, so the optimal sequence of
treatment is still a matter of debate.”* %>

In the current literature, both the pancreatic origin of NETs, and the absence of prior chemotherapy were associated
with higher efficacy of CAPTEM.’® The majority of published studies included in our review confirmed the role of site

29.30.32.37.40.42.48.49.93.97.98 The increased pNETs chemosensitivity, that justify

origin of neoplasm in treatment response.
the most common clinical use in this site origin of tumors, is thought to be partially attributed to absent or low levels of
MGMT, more commonly reported in pNETs than in non-pNETs.**2%* About this hypothesis, a recent systematic review
and meta-analysis suggested that in NETs MGMT status may be predictive of TEM efficacy, however remarking that the
current evidence is not enough to justify a routine detection of MGMT before starting treatment in clinical practice.
Patients with pNET showed more favorable overall response rate to the CAPTEM regimen (mean ORR 46.4%) than
small intestinal tumors (siNETs) (ORR 0%).”’ In survival analysis was reported a median PFS of 20.6 months and 6.9
months in pNETs and siNETs respectively, while not significantly OS difference between the two groups was observed.®
An ORR of 70% was observed in patients with low- and intermediate-grade pNETs naive to chemotherapy treatment,
with a median duration of response of 20 months and a median PFS of 18 months.*” More common favorable responses -
defined as PR + SD -, although not statistically significant between different primary tumor locations, was reported in
patients with pNENs and lung/thymic NENs reaching 70 and 64.7%, respectively. Moreover, a pancreas or lung/thymus
primary site demonstrated a significant prognostic factor for both PFS (p < 0.0001) and OS (p < 0.0001).* Although low
grade tumors, pancreatic origin, and tumors with low levels of MGMT expression seemed to have higher response rates
to CAPTEM regimen; responses were still observed also in patients with non-pancreatic origin NENs, high grade tumors
and higher levels of MGMT expression.”” Most of the efficacy data of CAPTEM regimen were reported in pNETSs, but
other tumor sites also seemed to show encouraging response rates to this chemotherapy regimen, as suggested above.
Two recent retrospective studies have investigated the activity of CAPTEM in a selected population of lung NETs.
Pretreated typical/atypical lung carcinoids and large-cell NECs showed a high response rate (ORR 30%, DCR 85%), with
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mPFS of 13 months and mOS of 68 months, when treated with the CAPTEM regimen.®' Instead, more modest response
rate (DCR 75.8%) was reported in a selected typical/atypical lung carcinoid population, with longer survival outcomes
than that described with TEM alone (mPFS 9 months, mOS 30.4 months). Median PFS and OS did not differ
significantly between patients with typical and atypical carcinoids.®’

100103 the survival

Although chemotherapy protocols appeared to be less effective in advanced lung carcinoids
outcomes observed with CAPTEM in the aforementioned studies, appear similar when compared to the survival
outcomes with everolimus.”*'** Despite the common perception that the CAPTEM regimen is particularly active in
pNETs, and given the scarcity of the therapeutic landscape in lung NETSs, the present review highlighted CAPTEM as
a valid therapeutic alternative to TKIs and SSAa, mostly when the aim is tumor stabilization rather than an objective
response.®

With the aim to define a valid therapeutic algorithm, the identification of biomarkers able to identify patients who are
likely to benefit from specific therapies, is an unmet need still. Data reported in literature about the predictive and
prognostic role of Ki67 index are heterogeneous, despite treatment is often based on the Ki67 level.'” Better ORR to
CAPTEM was reported in pNETs with Ki-67 >5%,'% and in NENs with Ki67 2-20%" suggesting a stronger role of
chemotherapy in G2-G3 NETs. On the contrary, other studies reported no influence by tumor proliferation on the
response to CAPTEM>? and survival.”.

According to the safety profile of similar chemotherapy agents, the CAPTEM regimen is known to be associated with
toxicities such as myelosuppression and gastrointestinal toxicities. Notably, our meta-analysis showed a G3-G4 rate of
any toxicities in 16.4% of patients. The most frequent chemotherapy-related side effects were hematological, gastro-
intestinal and cutaneous toxicity in 27.2%, 8.3% and 3.2% respectively. The mostly hematological toxicity profile was
confirmed in previous reviews.'?”-'%®

Our review has some limitations: firstly, the nature of the included studies, which are mostly retrospective hence
prone to error through issues with selection bias and reporting. The absence of placebo-controlled phase III randomized
studies can only allow indirect comparisons with other treatment regimens, but definitive conclusion cannot be drawn.

Furthermore, the included studies had a variety of endpoints and diverse cohort size. Albeit some degree of
heterogeneity is always to be expected, it diminishes the validity of the combined data set and subsequent results.
A previous review explored the role of temozolomide-based combination therapy and confirmed its effective profile in
NENSs with similar results in term of DCR and survival, but the lack of homogeneity among different studies with regard

198 A more recent review'®’ about the safety and efficacy

d.61’65

to accompanying drugs made across-trial comparisons difficult.
of CAPTEM, included only fifteen studies and the new data about lung NENs were not reporte

Conclusion

Although more robust efficacy data are found in pNETs, which have led to the consolidation of the use of CAPTEM

regimen in cancers with pancreatic origin, this systematic review confirms CAPTEM as effective and relatively safe

treatment for patients with advanced well-moderately differentiated NENs of gastrointestinal, lung and unknown origin.
Future efforts should focus on the research of best candidates for the CAPTEM regimen in terms of disease

characteristics and previous treatments. Moreover, the identification of potential prognostic and predictive biomarkers

would be very useful to personalize treatments. Finally, randomized phase III trials are especially needed to define

a better therapeutic algorithm.
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