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Background: Small-cell lung cancer (SCLC) accounts for approximately 15% of lung cancer and is
associated with poor prognosis. In platinum-refractory or -resistant SCLC patients, few treatment
options are available. Topotecan is one of the standards of care for these patients, however, due to its
high toxicity, several different approaches are employed. FOLFIRI (folinate, 5-fluorouracil and irinote-
can) is a chemotherapy regimen used in digestive neuroendocrine carcinoma, which shares patho-
logical similarities with SCLC. In this retrospective study, we evaluated the efficacy and safety of
FOLFIRI in patients with platinum-resistant/refractory SCLC.

Methods: Medical records from all consecutive SCLC patients treated with FOLFIRI in a French
University Hospital from 2013 to 2021 were analyzed retrospectively. The primary endpoint was the
objective response rate according to RECIST v1.1 or EORTC criteria (ORR); secondary endpoints
included duration of response, disease control rate, progression-free survival (PFS), overall survival (OS)
and safety profile.

Results: Thirty-four patients with metastatic platinum-resistant (n=14) or -refractory (n=20) SCLC
were included. Twenty-eight were evaluable for response, with a partial response observed in 5
patients for an overall ORR in the evaluable population of 17.9% (5/28) and 14.7% (5/34) in the overall
population. The disease control rate was 50% (14/28) in the evaluable population. The median PFS
and OS were 2.8 months (95%Cl, 2.0-5.2 months) and 5.3 months (95%Cl, 3.5-8.9 months), respectively.
All patients were included in the safety analysis. Grade 3 or 4 adverse events occurred in 13 (38.2%)
patients. The most common grade 3 or 4 adverse events were asthenia, neutropenia, thrombopenia
and diarrhea. There was no adverse event leading to discontinuation or death.

Conclusion: FOLFIRI showed some activity for platinum-resistant/refractory SCLC in terms of overall
response and had an acceptable safety profile. However, caution is needed in interpreting this result.
FOLFIRI could represent a potential new treatment for platinum-resistant/refractory SCLC patients.
Further prospective studies are needed to assess the benefits of this chemotherapy regimen.

HIGHLIGHTS

e FOLFIRI showed some activity for platinum-resistant/refractory SCLC in terms of overall response.
o FOLFIRI was well-tolerated in platinum resistant/refractory SLCL patients.
e FOLFIRI could represent a potential new treatment for SCLC, prospective studies are needed.
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Introduction

Lung cancer is the leading cause of cancer death worldwide
[1]. Small-cell lung cancer (SCLC) accounts for approximately
15% of lung cancer and is associated with poor prognosis
[2]. Immunotherapies and targeted therapies have been a

breakthrough in patients’ care with non-small-cell lung can-
cers (NSCLC) [3-6]. However, no major progress has been
made in the last 30years in the management of advanced
SCLC, and platinum-etoposide regimens remain the
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cornerstone of treatment [7]. Recently, the addition of immu-
notherapies atezolizumab or durvalumab (PD-L1 blockade) to
platinum-etoposide first-line chemotherapy in phase Ill clin-
ical trials IMpower 133 and CASPIAN resulted in a significant
but modest improvement in overall survival (OS) [8,9].

Although SCLC is highly sensitive to chemotherapy, most
patients relapse within the first six months. Second-line ther-
apy depends on the treatment-free interval (TFl) and
response to first-line platinum-based chemotherapy [7].
Platinum-etoposide rechallenge for platinum-sensitive SCLC
(i.e., TFI> 3 months) is associated with a high objective
response rate (ORR = 49%) and better clinical outcomes
than subsequent chemotherapy [10]. In platinum-refractory
(i.e., cancer progressing during platinum-based chemother-
apy) and -resistant (i.e., TFl <3 months) cancer, outcomes are
poor, and the clinical benefit of further systemic therapy is
highly uncertain. In this setting, ORR to second-line chemo-
therapy is about 15% [7]. Topotecan proved to significantly
increase OS compared to the best supportive care and repre-
sents one of the standards of care in this setting [11].
However, topotecan use is challenging because of its associ-
ation with severe and frequent haematological toxicities and
limited clinical benefit [12]. Compared to topotecan amrubi-
cin showed a modest improvement in OS in a subset of plat-
inum-refractory patients (HR = 0.77, p=0.047) in a phase lll
randomized trial and represents another standard of care for
this population [13]. The anthracycline-based chemotherapy
regimen: CAV (Cyclophosphamide-Adriamycin-Vincristine)
showed similar efficacy compared to topotecan in a phase llI
randomized trial [14]. Recently, lurbinectedin has shown an
ORR of 22.2% in second-line treatment for platinum-resistant
SCLC [15], but its association with doxorubicin failed to
improve OS compared to topotecan [16]. More recently, sev-
eral novel therapeutic strategies in the second-line setting,
such as rovalpituzumab-tesirine [17], nivolumab [18], and
nivolumab-ipilimumab [19] have not improved outcomes.
There is, therefore, an unmet need for effective and well tol-
erated treatment options.

The type 1 topoisomerase inhibitor irinotecan monother-
apy has been evaluated in relapsed SCLC on 16 patients in a
phase Il study which found an ORR of 47% and a median OS
of 187days [20]. Furthermore, it has been assessed in
combination with platinum versus platinum-etoposide for
platinum-sensitive SCLC with comparable clinical outcomes
[21-23] and is used in several institutions instead of etopo-
side in the platinum chemotherapy combination in first-line
setting. Irinotecan is associated with less severe anemia, neu-
tropenia, and thrombocytopenia than topotecan but with
more digestive toxicities with frequent diarrheas as well as
nausea and vomiting, which can be managed with support-
ive care.

FOLFIRI (folinate, 5-fluorouracil and irinotecan) is a widely
used chemotherapy regimen, especially in digestive cancers
[24]. FOLFIRI has also been effective in treating high-grade
digestive neuroendocrine carcinoma, which shares patho-
logical similarities with SCLC [25-27]. FOLFIRI has never been
assessed in advanced SCLC, but the synergic activity

between 5-fluorouracil and irinotecan could be promising in
advanced SCLC.

We propose herein to report our local experience of
FOLFIRI use in pretreated SCLC. We aimed to assess the clin-
ical benefit and the safety profile of FOLFIRI in platinum-
resistant/refractory advanced SCLC patients from the Medical
Oncology Department of Pitié-Salpétriere University Hospital,
Assistance Publique des Hopitaux de Paris (AP-HP), France.

Material and methods
Study design and patients

Data were retrospectively collected from all consecutive
patients with SCLC who received FOLFIRI during an eight-
year period, from 2013 to 2021 in the Medical Oncology
department of the Pitié-Salpétriere Hospital, a University
Hospital in Paris, France. Patients with a histologically con-
firmed SCLC treated with FOLFIRI were considered for inclu-
sion. Other eligibility criteria were: >18-year-old, at least one
prior platinum-based chemotherapy line, platinum-resistant
(<3 months after platinum discontinuation) or -refractory
(during platinum-based chemotherapy) tumor progression,
and at least one fully administered cycle of FOLFIRI. Patients
with a concomitant treatment for another neoplasm were
excluded.

Study treatment

Irinotecan was administered intravenously on day 1 at a
dose of 180 mg/m2, and 5-fluorouracil was administered on
days 1-2 by continuous infusion over 44h at the dose of
2400 mg/m? of a 14-day cycle. Treatment was discontinued
upon disease progression, unacceptable toxicity, altered per-
formance status (PS), or physician decision.

Endpoints

The primary endpoint was the radiological or metabolic
response rate according to Response Evaluation Criteria for
Solid Tumors version 1.1 (RECIST 1.1) [28] or European
Organization for Research and Treatment of Cancer (EORTC)
criteria [29]. Secondary endpoints were the duration of
response, disease control rate (DCR), progression-free survival
(PFS), OS and safety profile. The median duration of response
was defined as the time between initiation of FOLFIRI treat-
ment and disease progression (RECIST or not-RECIST progres-
sive disease) for patients who achieved an objective
response. PFS was defined as the time between introducing
FOLFIRI and disease progression (RECIST or not-RECIST pro-
gressive disease) or death. OS was defined as the time
between introducing FOLFIRI and death. For the safety evalu-
ation, adverse events were retrospectively collected and
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), version 5.0.
Given the retrospective nature of the study, we limited our
collection of adverse event data to only those events that



were classified as serious (CTCAE grade >2) or resulted in a
dose reduction or interruption of treatment.

Statistical analysis

The descriptive statistical analysis involved calculating the
median and interquartile range for each quantitative param-
eter, as well as the number of missing values. The progres-
sion-free survival (PFS) the overall survival (OS) and the
follow-up time data were analyzed using Kaplan-Meier
curves. The follow-up time was calculated using the reverse
Kaplan-Meier method. All statistical analyses were conducted
using R software (version 4.1.3). To determine the median
PFS, OS and follow-up and their corresponding confidence
intervals, we used the R "survminer" package.

Ethics statement

All living patients received written information and provided
their oral consent for data collection. Patients’ clinical charts
were retrospectively collected from electronic files using a de-
identified form. This study was approved by the Inserm Ethics
Evaluation Committee (CEEI) on 6 December 2022: 22-973.

Patients identified
through medical reports
assessed for eligibility

n=37
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Results
Patient characteristics

Between March 2013 and November 2021, a total of thirty-
seven patients were identified through the local database.
Three patients did not meet inclusion criteria (no histological
diagnosis of SCLC (n=2), did not receive a complete cycle of
FOLFIRI (n=1)) and were excluded (Flow chart Figure 1) for
a total of thirty-four patients included. Median follow-up was
not reached (Supplementary Figure 1). Only one patient was
lost to follow-up, and all other patients except one had died
at the time of data collection.

The patient characteristics are listed in Table 1. The
median age was 63years (range from 45 to 84), 23/34
(67.6%) patients were male, 24/34 (70.6%) presented an
ECOG PS of 1 and 10/34 (29.4%) of >2, 6/34 (17.6%) experi-
enced tumor recurrence after initial locoregional treatment,
and 17/34 (50%) patients presented central nervous system
(CNS) metastasis. Before FOLFIRI initiation, 19/34 (55.9%)
patients received only 4-6 cycles of platinum-etoposide,
11/34 (32.4%) were rechallenged with platinum-etoposide
(10 one rechallenge and 1 two rechallenges), 1/34 (2.9%)
received platinum-etoposide followed by paclitaxel, and 1/34
(2.9%) received platinum-etoposide then topotecan then
adriamycin-cyclophosphamide (Table 1). At the time of
FOLFIRI initiation, 14/34 (41.2%) were considered platinum-
resistant and 20/34 (58.8%) platinum-refractory (Table 1).

Exclusion criteria (n=3)
——— | - No histological confirmation of SCLC diagnosis (n=2)
- No completion of the first FOLFIRI cycle (n=1)

Y.

Patients included in theJ

study
n=34

Analyzed for PFS, OS
and safety analysis
n=34

No radiological evaluation of

tumor response (n=6):

- lost to follow-up (n=1)

- death before first evaluation (n=5)

Analyzed for ORR

n=28

Figure 1. Flow chart. SCLC: small-cell lung cancer; FOLFIRI: 5fluorouracile irinotecan; PFS: progression free-survival; OS: overall survival; ORR: objective response rate.
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Table 1. Patients baseline characteristics.

n=34

Median age, years (IQR) 63 (45-84)
Sex

Male 23 (67.6%)

Female 11 (32.3%)
ECOG, PS

0 0 (0%)

1 24 (70.6%)

>2 10 (29.4%)

Recurrence after initial locoregional treatment

Nature of prior chemotherapy regimen
Platinum-etoposide
Platinum-etoposide/platinum-etoposide

6 (17.6%)

19 (55.9%)
10 (29.4%)

Platinum-etoposide/paclitaxel 3 (8.8%)
Platinum-etoposide/platinum-etoposide/platinum-etoposide 1 (2.9%)
Platinum-etoposide/topotecan/adriamycin-cyclophosphamide 1 (2.9%)

Platinum sensitivity at FOLFIRI initiation
Platinum resistant
Platinum refractory

CNS metastases
Yes 17 (50%)
No 17 (50%)

IQR: interquartile range; ECOG: Eastern Cooperative Oncology Group; PS: per-
formance status; CNS: central nervous system.

14 (41.2%)
20 (58.8%)

Table 2. Analysis of tumor response.

Evaluable Overall
population population
n=28 n=34

Objective response rate
Overall
Platinum-resistant
Platinum-refractory
Disease control rate
Best overall response
Complete response
Partial response
Stable disease
Progressive disease
Unknown
Median (IQR) duration of responses, among
patients with objective response

m"hlll :
] O

-504

5/28 (17.9%)
3/10 (30.0%)
2/18 (11.1%)
14/28 (50%)

5/34 (14.7%)
3/14 (21.4%)
2/20 (10%)
14/34 (41.2%)

0 (0%)
5/28 (17.9%)
9/28 (32.1%)
14/28 (50%) 14/34 (41.2%)

0/28 (0%) 6/34 (17.6%)
40.1 weeks (34.6-52)

0 (0%)
5/34 (14.7%)
9/34 (26.5%)

(

IQR: interquartile range.

5

o

Best change from baseline (%)
o

-100 1

Efficacity

Among the thirty-four patients, twenty-seven had a CT-scan
evaluation and measurable tumor lesion according to RECIST
1.1 criteria. One patient had a PET-scan evaluation with a
measurable tumor lesion according to EORTC criteria. The
median time from the first administration of FOLFIRI to the
radiological tumor nadir CT scan was 73 days (IQR: 49 days).
Six patients had no radiological evaluation on treatment
available: one was lost to follow-up and five died before the
first evaluation: 2 from hypoxemic infectious pneumonia
with decompensation of chronic illness (chronic obstructive
pulmonary disease (COPD) and chronic heart failure) and
without chemotherapy-induced neutropenia, 2 from clinical
tumor progression and 1 from unknown cause. The ORR is
shown in Table 2. Four patients obtained a partial response
according to RECIST 1.1 criteria and one according to EORTC
criteria for an overall ORR of 17.9% (5/28) in the evaluable
population and 14.7% (5/34) in the overall population.
Among the evaluable population, the ORR in the platinum-
resistant group was 30.0% (3/10) and 11.1% (2/18) in the
platinum-refractory group (Table 2). The median duration of
response was 40.1 weeks (IQR 34.6-52) among the 5 patients
who exhibited objective responses. The DCR was 50% in the
evaluable population (Waterfall plot Figure 2). The median
PFS and OS were 2.8 months (95%Cl, 2.0-5.2 months)(Figure
3(A)) and 5.3 months (95%Cl, 3.5-8.9 months) (Figure 3(B)),
respectively.

Safety

All patients were included in the safety analysis (Table 3).
Grade 3 or 4 adverse events occurred in 13/34 (38.2%)
patients. The most common grade 3 or 4 adverse events
were asthenia, neutropenia, thrombopenia and diarrhea.
Adverse events led to dose reductions in 11/34 (32.4%)

RECIST
3 | I
- B er

* H

'I‘II

* PD due to the appearance of new tumor lesions.
T Metabolic response using EORTC criteria

Figure 2. Waterfall plot of radiological objective response. RECIST, Response Evaluation Criteria for Solid Tumors version 1.1; PD, progressive disease; PR, partial
response; SD, stable disease; EORTC, European Organization for Research and Treatment of Cancer.
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(A) progression free survival

all population
% 100% == mPFS=2.8 [2-5.2] months
§
a 75%
50%
25%
0% 1
0 6 12 18 24
Time (months)
all 34 8 2 1 1
(B) overall survival '
all population
%100% == m0S=5.3 [3.5-8.9) months
g
@ 75%
50%
25%
0%
0 6 12 18 24 30
Time (months)
all 34 14 9 5 2 1

Figure 3. (A) Kaplan Meier of progression free-survival. (B) Kaplan Meier of overall survival.

Table 3. Safety profile. patients. Five (45.5%) of these dose reductions were due to

hematotoxicity. There was no adverse event leading to dis-

Grade >3 (n=34)

Any event 13 (38.2%) continuation or death. It should be noted that two patients
Diarrhea 2 (5.9%) . . .o
Hematotoxicity 5 (14.7%) died approximately gne motwth a.fter thel.r first cycle of
Thrombopenia 2 (5.9%) FOLFIRI due to respiratory infections, which led to the
Qe”t“}lf’e”ia 30(8-3%) decompensation of their preexisting chronic conditions
Asthr;irg'a 5 (14.7%) (COPD and chronic heart failure). We evaluated these deaths
Dose reduction 11 (32.4%) as not being directly related to the chemotherapy, as they
Causes of dose reduction B ; i :
Asthenia 3 (27.3%) did not experience chemotherapy-induced neutropenia.
Digestive toxicity 2 (18.2%)
Hematotoxicity 5 (45.5%)
Unknown 1 (9.1%) Discussion

Grade according to Common Terminology Criteria for Adverse

Events (CTCAE) V5.0. This retrospective study was conducted to evaluate the effi-

cacy and the safety profile of the FOLFIRI chemotherapy



584 (%) C.ROUSSEL-SIMONIN ET AL.

regimen in platinum-resistant or -refractory SCLC. In this
cohort of thirty-four unselected patients, FOLFIRI showed
some activity for platinum-resistant/refractory SCLC in terms
of ORR and DCR and presented an acceptable safety profile
in this frail population.

Of note, topotecan is the only drug that has demon-
strated an improvement in OS versus best supportive care
(median 25.9 versus 13.9 weeks) in the second-line setting of
patients with SCLC in phase Ill randomized trial [11]. A study
analyzing topotecan in relapse platinum-sensitive SCLC com-
pared to CAV showed a similar ORR and OS within the two
treatment arms [14]. In this setting, lurbinectedin recently
showed an encouraging ORR in a phase Il trial [14], but its
association with doxorubicin failed to improve OS compared
to topotecan [16]. Several phase Il trials evaluating single
chemotherapy regimens in SCLC second-line setting showed
interesting but highly heterogeneous clinical efficacy [30-32].
However, these studies included platinum-sensitive and plat-
inum-resistant SCLC patients. In a recent meta-analysis by N.
Horita evaluating 1347 patients with relapse SLCL treated
with topotecan, the ORR in platinum-sensitive patients was
17% but dropped to 5% for platinum-resistant/refractory
patients [33].

Like topotecan, irinotecan is a type 1 topoisomerase inhibi-
tor but has a more manageable safety profile. Its synergic activ-
ity with 5-fluorouracil has led to the routine use and
development of the FOLFIRI chemotherapy regimen, especially
in digestive cancers [24]. SCLC is the most frequent neuroendo-
crine lung tumor and shares pathological and molecular similar-
ites with  extrapulmonary  high-grade  neuroendocrine
carcinomas [34]. FOLFIRI is one of the preferred treatment
options as a second-line in patients with digestive advanced
neuroendocrine carcinoma after failure of the etoposide-plat-
inum combination [27, 35]. This led our center to adopt
FOLFIRI as the preferred treatment option for platinum-resistan-
t/refractory advanced SCLC patients in routine clinical practice.

This retrospective study included unselected patients with
several poor prognostic factors, such as poor general condi-
tion (29.4% PS > 2), CNS metastases (50%) and platinum-
refractory tumor progression (58.8%). Despite those features,
FOLFIRI showed some activity for platinum-resistant/refrac-
tory SCLC with a 50% of disease control rate and an encour-
aging ORR of 17.9% in the evaluable population. The overall
response results are supported by the durability of
responses, with a median duration of response of 40.1 weeks.
The median PFS was 2.8months, and the median OS
5.3 months, which is noteworthy in the platinum-resistant/re-
fractory SCLC setting. Of note, in platinum-resistant SCLC
evaluable patients, the ORR achieved 30%. Furthermore, the
safety profile was acceptable and similar to previous trials
assessing this FOLFIRI chemotherapy regimen. We found sig-
nificant toxic digestive and hematologic effects, but these
adverse events were manageable, and there was no treat-
ment-related death or discontinuation.

Our study has several limitations, most of which relate to
its retrospective and single-center nature. Only twenty-eight
patients were evaluable for objective radiological or meta-
bolic tumor response. We used two different methods to

evaluate tumor responses: RECIST and EORTC. The interpret-
ation of the results is further limited by the variability of the
interval between the first administration of FOLFIRI and the
radiological tumor nadir CT scan, which had a median of
73days (IQR= 49days). Considerable heterogeneity between
patients was also observed in terms of prior chemotherapy
regimens administered. Considering the heterogeneity of the
patient population and the use of different prior treatment
regimens suggest that the study sample may not be repre-
sentative of a typical SCLC patient. The choice of the primary
endpoint (ORR) is a matter of debate. It is worth noting that
ORR is a commonly used surrogate endpoint for anticancer
activity in early-phase trials, and our results suggest that this
treatment approach may have promise in this patient popu-
lation. Nevertheless, we acknowledge the limitations of our
study, and further prospective and comparative studies are
needed to evaluate the potential of this treatment approach.

Irinotecan has been shown to be effective in treating
SCLC [20-23]. Therefore, the observed antitumor effect may
be solely attributed to Irinotecan, and the contribution of
adding 5FU to the treatment is uncertain. Furthermore, it is
important to note that the safety profile observed in this
study may not be applicable to the entire population of
SCLC patients, especially those of Asian origin.

To our knowledge, this is the first study reporting the clin-
ical benefit of FOLFIRI in advanced platinum-resistant/refrac-
tory SCLC patients. Our analysis suggests that FOLFIRI might
be effective in this setting with an acceptable safety profile.
FOLFIRI could represent a potential new treatment for
patients with platinum-resistant/refractory SCLC. Further pro-
spective studies are needed to assess the benefits of this
chemotherapy regimen in this setting. A phase Il clinical trial
evaluating FOLFIRI in platinum-resistant/refractory advanced
SCLC patients is currently under development at our center.
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