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Cisplatin-based chemotherapy is the standard advanced esophageal squamous cell carcinoma 
(ESCC) treatment. However, the 5-fluorouracil plus L-leucovorin and oxaliplatin (FOLFOX) regimen 
is available in Japan as an alternative to cisplatin-based chemotherapy, but its efficacy and safety 
remain unclear. Hence, we aimed to evaluate patients with advanced ESCC who received FOLFOX 
therapy retrospectively. Patients with advanced ESCC who received FOLFOX therapy at 18 institutions 
between April 2019 and October 2020 were included. Fifty-two patients received first-line FOLFOX 
treatment, while 39 received later-line FOLFOX treatment. The median progression-free survival, 
median overall survival, and objective response rate were 3.8 months (95% confidence interval [CI]: 
3.0–5.0), 13.9 months (95% CI: 10.3–17.9 months), and 35% in the first-line group and 2.4 months (95% 
CI: 2.1–3.8 months), 7.2 months (95% CI: 5.3–9.8 months), and 4% in the later-line group, respectively. 
The most frequent grade 3 or 4 adverse events were neutropenia (23%) and anemia (12%) in the first-
line group and neutropenia (18%), anorexia (13%), anemia (10%), and nausea (10%) in the later-line 
group. First-line FOLFOX treatment is suitable for patients with advanced ESCC. However, FOLFOX 
has shown limited efficacy as a later-line treatment.
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Cisplatin plus 5-fluorouracil (5-FU) (CF) treatment has been used as a first-line therapy1,2; however, no 
conclusive evidence substantiates the survival advantages of CF in patients with unresectable advanced or 
recurrent esophageal squamous cell carcinoma (ESCC). Taxanes and other agents have been used as second-
line chemotherapies for patients who are unresponsive to combination therapies3,4. Recently, compared with CF 
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therapy, CF plus immune checkpoint inhibitors (ICIs) or dual ICI combinations have been shown to prolong 
overall survival (OS). Therefore, CF plus ICIs or a combination of dual ICIs has become the standard treatment 
for patients with advanced ESCC5,6. However, although cisplatin-based treatment has demonstrated significant 
efficacy, cisplatin itself can pose challenges for certain patients, such as elderly individuals or those with renal 
dysfunction, owing to the requirement for hydration and the high risk of toxicity1,2,5–7. Consequently, there 
is an unmet medical need to establish a standard therapy suitable for patients who cannot tolerate cisplatin. 
Oxaliplatin is a platinum-based cytotoxic agent used as an alternative to cisplatin in treating gastric cancer8. 
In a previous study of patients with ESCC, 5-FU plus l-leucovorin and oxaliplatin (FOLFOX) therapy showed 
efficacy comparable to that of CF therapy9,10. Although FOLFOX therapy can be utilized for advanced ESCC, 
no previous report demonstrates its efficacy and safety in patients with advanced ESCC who are unsuitable for 
cisplatin therapy.

Another challenge in treating advanced ESCC is the limited availability of effective drugs. Oxaliplatin is 
effective in patients with cisplatin-resistant gastric cancer11,12; however, no study has evaluated the efficacy and 
safety of FOLFOX therapy in heavily treated patients with advanced ESCC.

Hence, elucidating the efficacy and safety of FOLFOX therapy in first-line settings with advanced ESCC that 
are unsuitable for cisplatin therapy and later-line settings for advanced ESCC is very important, and a Japanese 
multicenter retrospective study serves as a potential solution to address these unmet medical needs.

Materials and methods
Patients
Between April 2019 and October 2020, patients with histologically confirmed esophageal squamous cell 
carcinoma, clinical stage IVB (Union for International Cancer Control tumor-node-metastasis classification in 
8th edition) or recurrence, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) score of 
0–2, an age ≥ 20 years, and an evaluable lesion treated with FOLFOX as a first-line or later-line treatment were 
considered eligible for this study. The patients with cisplatin intolerance were eligible for first-line treatment. In 
the present study, cisplatin intolerance was defined as. (i) renal dysfunction (creatinine clearance (CCr) < 60 ml/
min), (ii) elderly (> 75 years), (iii) ECOG, PS2, (iv) pleural or ascites effusion, (v) cardiac dysfunction (Ejection 
fraction < 60%), (vi) cisplatin use as perioperative chemotherapy and intolerance. First-line chemotherapy 
was defined as the absence of previous chemotherapy for unresectable or recurrent ESCC or chemotherapy 
administered more than 6 months after the last dose of perioperative chemotherapy. Later-line chemotherapy 
was defined as previous chemotherapy for unresectable or recurrent ESCC or chemotherapy administered as 
a treatment for recurrence that occurred within 6 months after the last dose of perioperative chemotherapy. 
Patients for whom FOLFOX therapy was combined with radiation or immune checkpoint inhibitors were 
excluded. Patients with two cancers were excluded. This study was conducted at 18 different institutions in 
Japan, and the clinical data were analyzed retrospectively. Due to the retrospective nature of the study, it was 
approved by the review board of the National Hospital Organization of Nagoya Medical Center that the need to 
obtain informed consent was waived and that the opt-out methodology was acceptable. Patient participation was 
obtained through an opt-put methodology. This study followed the principles of the Helsinki Declaration and 
was approved by the review board of the National Hospital Organization of Nagoya Medical Center (2021-019).

FOLFOX regimen
The FOLFOX regimen consisted of 85 mg/m2 oxaliplatin (L-OHP), 200 mg/m2 leucovorin, and a bolus injection 
of 5-fluorouracil 400 mg/m2 intravenously on day 1, followed by a 46-h continuous infusion of 5-FU 2,400 mg/m2 
every 2 weeks. The criteria for dose reduction of each drug and the amount of dose reduction were determined 
by each physician. Treatment was continued until obvious disease progression occurred, unacceptable toxicity 
developed, or the patient refused to continue treatment.

Assessments and statistical criteria
OS was defined as the period from the date of treatment initiation to the date of death. Progression-free survival 
(PFS) was defined as the period from the date of treatment initiation to the date of confirmed progression, 
recurrence, or death. Moreover, the date of progression may also be defined as the clinical progression of 
the disease (PD) when no apparent progression was detected on imaging examination. Still, the patient was 
considered to have progressed as judged by each treating physician. The following analyses were performed to 
assess OS and PFS. Additional analyses of OS and PFS above and below the CCr cutoff value of 60 ml/min, which 
is one of the criteria for determining cisplatin dosage, and OS and PFS in patients aged ≥ 70 years and ≤ 70 years 
were performed. CCr was estimated using the Cockcroft–Gault equation.

The response rate was calculated using Response Evaluation Criteria in Solid Tumors version 1.1 and 
endoscopic evaluation of the primary tumor. The best response to FOLFOX treatment was detected in patients 
with target lesions. The timing of the evaluations was not specified. The Glasgow prognostic score was calculated 
based on a score of 2 for patients with a serum C-reactive protein level > 10 mg/L and hypoalbuminemia ≤ 3.5 g/L.

The Japanese version of the Common Terminology Criteria for Adverse Events (version 5.0) developed by the 
Japan Clinical Oncology Group was used to evaluate adverse events (AEs).

The median OS and PFS were evaluated using Kaplan–Meier curves. Univariate and multivariate Cox 
regression analyses were performed to determine the factors that affected OS and PFS in patients who received 
later-line FOLFOX treatment and the variables with a p-value ≤ 0.01 in the univariate analyses included in the 
multivariate analyses. A two-sided p-value of 0.05 or less was considered significant. All the data were analyzed 
using EZR version 4.2.213.
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Results
Patient characteristics
Fifty-two patients received first-line treatment, while 39 patients received later-line treatment. The median ages 
were 72 years (46–85 years) in the first-line group and 68 years (47–85 years) in the later-line group. The median 
CCr was 50 ml/min (21–100 mL/min) in the first-line group. The numbers of patients resistant to and intolerant 
to cisplatin in the later-line group were 35 and 4, respectively (Table 1). Moreover, FOLFOX was used in the first-
line group for the following reasons: renal dysfunction (n = 27), old age (n = 11), ECOG PS performance status 
score of 2 (n = 5), pleural effusion or ascites (n = 5), cardiac dysfunction (n = 5), and cisplatin intolerance, based 
on the physicians’ judgment. Duplicate responses were noted, and no clear numerical criteria were established 
for each reason.

Efficacy
The median follow-up times were 14.7 months in the first-line group and 19.9 months in the later-line group. In 
the first-line group, the median OS and median PFS were 13.9 months (95% confidence interval [CI]: 10.3–17.9 
months) and 3.8 months (95% CI: 3.0–5.0 months), respectively (Fig. 1. A and B). The median OS and median 
PFS by age group (≥ 70 years and < 70 years) were 13.9 months and 16.6 months (hazard ratio [HR]: 0.87, 
p = 0.93) and 3.8 months and 5.0 months (HR: 1.19, p = 0.59), respectively. The median OS and PFS according 
to the CCr level (≥ 50 ml/min and <50 ml/min) were 13.9 months and 14.4 months (HR: 1.16, p = 0.66), and 3.5 
months and 5.1 months (HR: 1.36, p = 0.31), respectively. Univariate analysis of several factors was performed; 
however, neither renal function nor advanced age significantly impacted OS or PFS (Table 2A).

In the later-line group, the median OS and median PFS were 7.4 months (95% CI: 5.3–10.1 months) and 2.3 
months (95% CI: 2.1–3.6 months), respectively (Fig. 2. A and B). In cases where long-term survival was achieved 
in patients with a history of prior ICI, we examined the effect of treatment with a history of ICI administration. 
Eleven patients (28%) received prior ICI treatment, and no differences were found in the median OS (7.2 vs. 7.1 

Characteristics
First-line group
(n = 52)

Later-line group
(n = 39)

Median age, years 72 68

 (Range) (46–85) (47–85)

Sex

 Male 40 29

 Female 12 10

ECOG PS

 0 24 8

 1 23 28

 2 5 3

Clinical stage

 IVB 28 17

 Recurrence 24 22

Cisplatin

 Refractory
–

35

 Intolerant 4

Prior number of chemotherapy regimens

 1

–

13

 2 12

 3 11

 4 3

Number of metastases

 1 26 17

 2 20 13

 3≤ 6 9

Metastatic cite

 Lymph node 35 29

 Lung 17 17

 Liver 14 10

 Bone 4 6

 Others 8 6

Median creatinine clearance (CCr) (ml per minute) 50 67

 (range) (21–100) (50–91)

Table 1.  Patient characteristics. ECOG Eastern Cooperative Oncology Group, CCr creatinine clearance.
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months) or median PFS (2.3 vs. 2.1 months) between patients with and without a history of ICI use. One patient 
was in prior treatment with S-1 monotherapy. The best tumor response was stable disease; PFS and OS were 
3.5 months and 8.7 months, respectively. In addition, uni-multivariate analysis revealed that GPS was the only 
predictor of longer PFS. (HR = 2.30, p = 0.04) (Table 2B).

With respect to tumor response, 48 patients in the first-line treatment group and 25 patients in the later-line 
treatment group with target lesions were evaluated. In the first-line group, 1 patient (2%) achieved a complete 

Fig. 1.  Kaplan–Meier analysis. (a) OS in the first-line group. (b) Progression-free survival in the first-line 
group. CI, confidence interval; OS, overall survival; PFS, progression-free survival.
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response (CR), while 16 patients (33%) achieved a partial response (PR); the ORR was 35% (95% CI: 23–50%), 
while the disease control rate (DCR) was 67% (95% CI: 52–78%). In the later-line group, one patient (4%) 
achieved a PR; the ORR was 4%, while the DCR was 36%. No differences were found in the ORR (0% vs. 5%) or 
DCR (43% vs. 33%) between patients with and without a history of ICI use.

Toxicity
The treatment-related AEs are listed in Table 3. In the first-line treatment group, the most frequent grade 3 or 
higher AEs were neutropenia (23%), anemia (12%), and anorexia (10%). No treatment-related deaths occurred. 
In the later-line treatment group, the most frequent grade 3 or higher AEs were neutropenia (18%), anorexia 
(13%), anemia (10%), and nausea (10%); similarly, no treatment-related deaths occurred (Table 3).

The reasons for treatment discontinuation were progression (n = 43, 83%), patient desire (n = 5, 10%), toxicity 
(n = 3, 6%), achieved CR (n = 1, 2%) in first-line group and progression (n = 38, 97%), toxicity (n = 1, 3%) in later-
line group.

The number of dose reductions from the initial treatment was 11 patients (21%) in the first-line group and 7 
patients (18%) in the later-line group.

Subsequent treatment
At the end of follow-up, 5 patients in the first-line group continued FOLFOX treatment; 37 received subsequent 
treatment, while 10 received best supportive care (BSC). Furthermore, 27 patients (73%) received second-line 
treatment, 20 of whom received nivolumab and 7 of whom received paclitaxel.

At the end of the follow-up, all patients in the later-line group discontinued FOLFOX treatment; 16 received 
subsequent treatment, while 23 received BSC. The subsequent treatments administered included nivolumab 
(n = 8, 30%), paclitaxel (n = 3, 8%), docetaxel in two (5%) patients, S-1 in two (5%) patients, and other treatments 
in three (8%) patients.

Discussion
This study is the first to report the efficacy and safety of FOLFOX therapy as a first-line chemotherapy for 
patients with advanced ESCC who were unsuitable for cisplatin and as a later-line chemotherapy for heavily 
treated patients. The median OS, median PFS, and ORR in patients who received CF as first-line therapy 
were 10.4–11.7 months, 4.3–6.1 months, and 24.1–40.7%, respectively7,14,15. The median PFS and ORR were 
consistent with those reported in previous studies. Despite having greater median age than the CF therapy group 
in the KEYNOTE-590 trial (68 years)14, CheckMate 648 trial (67 years)15, and a previous retrospective study 
(62 years)7, as well as obtaining a median CCr of 50 ml/min, encompassing 63% of the patients with a CCr < 60 
mL/min, the first-line group in the current study exhibited longer OS than did the first-line group in previous 
studies. Univariate analysis indicated that age and renal function did not influence OS or PFS. Furthermore, 
there were some cases in which a patient with ICI as second-line therapy achieved long-term survival, and 

Univariate analysis 
for OS

Univariate analysis 
for PFS

Factors Reference n HR (95% CI) P HR (95% CI) p

Sex
Male 40

0.65 (0.25–1.75) 0.40 1.01 (0.51–2.00) 0.97
Female 12

Disease status
IVB 28

0.89 (0.42–1.93) 0.78 0.74 (0.41–1.36) 0.34
Recurrence 24

Age
< 70 16

1.04 (0.46–2.33) 0.92 0.83 (0.44–1.60) 0.59
70≤ 36

ECOG PS
0 24

1.37 (0.64–3.00) 0.40 1.22 (0.68–2.20) 0.50
1, 2 28

BMI (kg/m2)
< 22 26

0.77 (0.35–1.67) 0.50 0.60 (0.33–1.08) 0.09
22≤ 26

Weight (kg)
< 53 26

0.72 (0.33–1.67) 0.41 0.58 (0.32–1.05) 0.07
53≤ 26

Creatinine clearance
< 50 26

1.16 (0.55–2.55) 0.67 1.36 (0.75–2.44) 0.31
50≤ 26

Liver metastasis
Yes 10

1.53 (0.66–3.55) 0.32 1.29 (0.67–2.52) 0.44
No 29

GPS
0, 1 40

1.91 (0.80–4.55) 0.14 1.85 (0.91–3.76) 0.09
2 12

Table 2.  Univariate analysis of OS and PFS in (A) the first-line and uni-multivariate analysis of PFS in the 
later-line group First-line group. HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; BMI, body mass index; GPS, Glasgow prognostic score. (A) Later-line 
group.
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the rate of subsequent chemotherapy administration reached 79%, surpassing the figures reported in previous 
studies (68–75%)7,14,15, potentially contributing to the extension of OS.

In the present study, the incidence rates of nausea (52.6–62.7%)14,15, anorexia (58.2–60.0%)14,15, and diarrhea 
(17.8–26.9%) of any grade14,15 were lower than those reported in previous CF therapy studies. The incidence of 
hematologic toxicities increased, although all events were manageable, and no treatment-related fatalities were 
reported in either the first- or later-line groups.

Fig. 2.  Kaplan–Meier analysis. (a) OS in the later-line group. (b) Progression-free survival in the later-line 
group. CI, confidence interval; OS, overall survival; PFS, progression-free survival.
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However, L-OHP showed a partial lack of cross-resistance to cisplatin both in vitro and in vivo. Previous 
studies in patients with advanced gastric cancer showed modest efficacy of FOLFOX therapy in patients who were 
heavily treated and had a history of cisplatin administration11,12. Therefore, FOLFOX therapy can demonstrate 
antitumor activity in heavily treated patients, including those who have received cisplatin. Although some 
previous studies have reported the efficacy and safety of oxaliplatin in heavily pretreated patients with other types 
of carcinomas11,12,16,17, its efficacy and safety in treating ESCC remain uncertain. In previous studies, S-1, an oral 
fluoropyrimidine drug, demonstrated modest efficacy in pretreated advanced ESCC patients18–22 (Table 4). The 
present study showed that FOLFOX was less effective against ESCC than previous studies. If the patient can take 
oral medication, S-1 should be used in the fourth-line treatment, followed by FOLFOX therapy. If the patient is 
uncertain about oral medication, it should be used in the fourth-line treatment. However, the results S-1 may 
have been obtained in patients who could take oral medication and whose condition was maintained to some 
extent, even though they were in the later-line setting, so caution is needed in interpreting the comparison of 
efficacy with FOLFOX.

When the ORR, PFS, and OS reported in the current studies about taxanes were 7.7–29.6%, 2.1–4.9 months, 
and 7.3–9.9 months23,24. Although direct comparisons cannot be made because of differences in patient 
backgrounds, such as subjects and treatment lines, the results are generally considered in the same range as 
previously reported results and may be an option for backward treatment.

However, this study has several limitations. First, the sample size was relatively small. Second, cisplatin 
intolerance has not been defined, and the indications for FOLFOX use have not been established. Third, the 
doses were adjusted at the discretion of the individual physicians, which may have affected the efficacy.

Conclusions
FOLFOX therapy may be used as a first-line treatment for patients with advanced ESCC who are unsuitable 
for cisplatin, such as those with renal dysfunction or older patients; however, FOLFOX therapy has shown 
limited efficacy as a later-line treatment. A prospective observational study is currently underway, and results 
are warranted.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.

Author n Study type Treatment regimen ORR (%) DCR (%) MST (m) Ref

Nomura, et al.
16

Retro
Fluorouracil or S-1 13.3 66.7 12.9

18

147 BSC NA NA 4.3

Akutsu, et al. 20 Retro S-1 25 60 10.8 19

Tamaoki, et al. 15 Retro S-1 6.6 66.7 10 20

Ito et, al. 11 Retro S-1 22.2 36.4 11.7 21

Nomura, et al. 16 Phase 2 S-1 13.3 46.7 8.4 22

Present study 39 Retro FOLFOX 4 36 7.4

Table 4.  Summary of studies evaluating the efficacy of salvage chemotherapy in patients with advanced 
esophageal squamous cell carcinoma. ORR: overall response rate, DCR: disease control rate, MST: median 
survival time, m: months, Ref: reference, Retro: retrospective, NR: not reached.

 

Adverse events

First-line group 
(n = 52)

Late-line group 
(n = 39)

Any grades
n (%)

≥Grade 3
n (%)

Any grades
n (%)

≥Grade 3
n (%)

Neutropenia 18 (35) 12 (23) 14 (36) 7 (18)

Anemia 33 (63) 6 (12) 18 (46) 4 (10)

Thrombocytopenia 28 (54) 4 (8) 11 (28) 2 (5)

Febrile neutropenia – 1 (2) – 0 (0)

Nausea 11 (21) 2 (4) 23 (59) 4 (10)

Vomiting 5 (10) 1 (2) 6 (15) 2 (5)

Diarrhea 2 (4) 0 (0) 4 (10) 0 (0)

Anorexia 11 (21) 5 (10) 11 (28) 5 (13)

Peripheral sensory neuropathy 25 (48) 0 (0) 24 (62) 3 (8)

Peripheral motor neuropathy 5 (10) 0 (0) 10 (26) 1 (3)

Table 3.  Treatment-related adverse events.
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