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Abstract

Background Preoperative chemotherapy with 5-fluorouracil and cisplatin (FP) followed by surgery has been considered
a standard treatment for patients with stage II/III esophageal squamous cell carcinoma (ESCC) based on the results of a
phase III trial JCOG9907) in Japan. Subsequently, the phase III NEXT trial JCOG1109) revealed the survival benefit of the
neoadjuvant DCF regimen, which adds docetaxel to FP, and it became a standard treatment. However, the long-term results
and prognostic factors of neoadjuvant DCF therapy in the real world are unknown.

Methods We retrospectively investigated 50 patients with ESCC treated with neoadjuvant DCF therapy from July 2012 to
December 2017 at The University of Tokyo Hospital.

Results Median overall survival (OS) and progression-free survival (PFS) were 32.3 [95% confidence interval (CI) 21.0-
NA] and 10.0 months (95% CI 6.3-15.6), respectively. Median OS [not reached (95% CI 31.5-NA) vs. 21.4 months (95%
CI 13.5-33.0); p=10.028] and PFS [83.3 months (95% CI 6.4-NA) vs. 7.4 months (95% CI 6.0-12.8] were significantly
longer in patients with an objective response than in non-responders. Of 44 surgical cases, median PFS tended to be longer
in pathological lymph node metastasis-negative patients. Conversely, survival did not differ according to cStage (II/III vs.
IV) or the average relative dose intensity (ARDI, >85% vs. <85%).

Discussion The response to neoadjuvant DCF therapy could predict patient prognosis. Additionally, pN+ tended to increase
the recurrence risk, whereas cStage and ARDI did not influence survival.
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Introduction

Esophageal cancer is an incurable cancer with a high recur-
rence rate even after early diagnosis and local therapy such
as surgery. Esophageal cancer caused 11,619 deaths in
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postoperative chemotherapy [3], preoperative chemotherapy
with FP followed by radical surgery has been the standard
treatment for resectable cStage IB/II/III esophageal cancer
in Japan. However, the 5-year survival rate of 55% in the
JCOGY907 trial was suboptimal, and preoperative chemo-
therapy with more aggressive regimens has been tested.

DCEF therapy, which adds docetaxel to FP therapy, has
been developed as a neoadjuvant therapy for gastric cancer
[4] and head and neck cancer [5, 6]. For esophageal cancer,
a phase II trial reported in 2007 enrolled patients with T4
esophageal cancer without distant metastasis who received
DCEF followed by chemoradiotherapy [7]. In Japan, several
phase II trials of preoperative DCF therapy for stage II/111
esophageal cancer were conducted. Their response rates
ranged 62-72%, and the RO resection rates ranged 88-95%
[8, 9]. Based on these results, we adopted neoadjuvant
DCEF therapy followed by surgery for patients with locally
advanced esophageal cancer starting in January 2013.

Then, JCOG1109 (NExT), a randomized phase III trial
comparing preoperative FP with preoperative DCF and
chemoradiotherapy with cisplatin (FP-RT) in patients with
resectable locally advanced esophageal squamous cell
carcinoma (ESCC) was conducted. Median overall survival
(OS) was 5.6 years in the FP group [95% confidence interval
(CI) 3.9-NE], versus not reached in the DCF group (95% CI
6.7-NE) and 7.0 years in the FP-RT group (95% CI 5.2-NE).
Compared with FP, the results demonstrated the superiority
of DCF [hazard ratio (HR) 0.68, 95% CI 0.50-0.92,
p=0.006) but not FP-RT (HR 0.68, 95% CI 0.50-0.92,
p=0.006) [10]. Based on these results, on February 3, 2022,
the Japanese Esophageal Association Guidelines Committee
issued a preliminary report designating preoperative DCF
therapy as the new standard of care for stage II and III
esophageal cancer. However, the long-term results and
prognostic factors of neoadjuvant DCF therapy followed by
surgery in the real world are unknown.

Patients and methods

We retrospectively analyzed data prospectively collected
from patients with ESCC who received DCF as preoperative
chemotherapy from July 2012 to December 2017 at The
University of Tokyo Hospital. The database recorded the
following patient characteristics: age, sex, histological
diagnosis, primary tumor location, and TNM classification
according to the International Union Against Cancer (UICC)
7th Edition [11].

The DCF regimen consisted of IV docetaxel (70 mg/
m?) on day 1, IV cisplatin (60-70 mg/m?) on day 1, and
a continuous infusion of fluorouracil (700 mg/m?) on days
1-5. This regimen was repeated every 4 weeks for two
cycles unless unacceptable adverse events occurred. Dose

reductions were permitted at the physician’s discretion.
Dosing was adjusted or discontinued depending on
the condition of each patient. In the later NEXT trial,
preoperative DCF treatment was performed 3 courses
every 3 weeks [10], however, our DCF regimen had been
performed in 2 courses by simply adding docetaxel to the FP
regimen of the JCOG9907 trial [3] and done every 4 weeks
concerned about adverse events such as bone marrow
suppression until 2017.

OS and progression-free survival (PFS) were estimated
using the Kaplan—Meier method and log-rank test. Data
were censored on September 30, 2023. Patients who were
lost to follow-up were censored at the date of last contact or
follow-up. OS was calculated from the date of DCF therapy
initiation to the date of death from any cause. Patients who
were alive on September 30, 2023 were censored for OS
analysis. PFS was calculated from the date of DCF therapy
initiation to the date of disease progression, recurrence, or
death from any cause.

Tumor response was evaluated according to the Response
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST
v1.1) [12] based on computed tomography (CT) findings.
In addition, Tumor response was also evaluated according
to the 12th edition of Japanese Classification of Esophageal
Cancer (JES 12th) which described that the method of
assessing the esophageal main lesion by CT with endoscopy
after chemotherapy or radiotherapy [13]. The best overall
response was assessed as complete response (CR), partial
response (PR), stable disease (SD), non-CR/non-PD
(only for RECIST v1.1), or progressive disease (PD). The
overall response corresponded to the sum of the CR and
PR, and disease control corresponded to the sum of the
CR PR, SD, and non-CR/non-PD. The histopathological
effects of chemotherapy were estimated according to JES
12th as follows: grade O (ineffective), grade 1a/1b (slightly
effective), grade 2 (moderately effective), and grade 3
(markedly effective) [13].

All statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria);
specifically, it is a modified version of R commander
designed to add statistical functions that are frequently used
in biostatistics [14].

Results
Patient characteristics
In total, 50 patients with ESCC were treated with preopera-

tive DCF from July 2012 to December 2017 at The Univer-
sity of Tokyo Hospital. The cohort included 39 men and
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Table 1 Patient characteristics (n=50)

Table 2 Best overall response of neoadjuvant chemotherapy (n=>50)

Baseline characteristics Best overall response RECIST v1.1 JES 12th
Sex, n (%) CR, n (%) 24 5(10)
Male 39 (78) PR, n (%) 13 (26) 17 (34)
Age, years SD, n (%) 15 (30) 20 (40)
Median (range) 66 (48-85) Non-CR/non-PD, n (%) 12 (24) -
cStage, n (%) PD, n (%) 8 (16) 8 (16)
11 5 (10) Objective response rate, % 30 44
111 33 (66) Disease control rate, % 84 84
v 12 24)
Primary lesion location, n (%) RECIST vi.1 Response EvaluaFion Criteria in Solid Tumors, version
1.1, JES 12th Japanese Classification of Esophageal Cancer, 12th
Ce 4(8) edition, CR complete response, PR partial response, SD stable
Ut 3(6) disease, PD progressive disease
Mt 29 (58)
Lt 10 (20) Table 3 Surgical strategy and complications (n=44)
Jz 4(8)
Characteristics n (%)
Ce cervical esophagus, Mt middle thoracic esophagus, Lt lower
thoracic esophagus, Ur upper thoracic esophagus, Jz zone of Surgical approach
esophagogastric junction Open esophagectomy 39 (89)
Thoracoscopic esophagectomy 0(0)
Trans-mediastinal esophagectomy 3(N)
11 women with a median age of 66 years (range 48-85). TPLE 1(2)
The median duration of observation was 26.7 months (range ~ Number of lymph node dissection
3.9-104.6). Patients’ characteristics are presented in Table 1. Median (range) 62 (0-155)
Residual tumor
Treatment RO (No residual tumor) 42 (95)
R1 (Microscopic residual tumor) 0@
Treatment-related death was not observed. Forty-seven R2 (Macroscopic residual tumor) 20
patients completed both courses of preoperative DCF  Surgical complications
therapy. Three patients terminated treatment after one None 17.(39)
course because of toxicities. Of the 47 patients who Grade I 1)
completed treatment, the mean relative dose intensities Grade II 1534
(RDIs) of docetaxel, cisplatin, and 5-FU were 90.6% (range Grade lla 5D
75.7-100%), 88.0% (75.7-100%), and 90.6% (75.7-100%), Grade IIIb 1(2)
respectively, and the mean average relative dose intensity Grade IVa 3
(ARDI) during the two courses of DCF therapy was 89.7% Grade V 20
(72.9-100%). One patient received one additional course of TPLE total pharyngolaryngoesophagectomy,
DCF therapy (three courses in total) because surgery was
postponed treating coronary artery disease.
Effectiveness Zia:f'zlcet: OfHCIIslte(;II:gtﬂgll’ZE;c(alll =44) Grade n (%)
0 0(0)
As presented in Table 2, the objective response rate was la 24 (55)
30%/44%, and the disease control rate was 84%/84% by 1b 9 (20
RECIST v1.1/JES 12th, respectively. Forty-four patients 2 9 (20)
(88%) underwent surgery, including RO (no residual tumor) 3 1(2)
resection in 42 patients and R2 (macroscopic residual tumor) Not evaluable 1)

resection in two patients. Their surgical strategy and surgi-
cal complications (by Clavien—Dingo classification [15]) are
shown in Table 3. Among surgically treated patients, the
histopathological effects of chemotherapy were as follows:
grade 0, 0 (0%); grade 1, 33 (75%); grade 2, 9 (20%); grade
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patients (18%), including two patients (5%) with pathologi-
cal CR (pCR). Among the six patients who did not undergo
surgery, five received concurrent chemoradiotherapy, and
one received radiotherapy alone.

Median OS and PFS in the entire cohort were 32.3 (95%
CI 21.0-NA) and 10.0 months (95% CI 6.3-15.6), respec-
tively (Fig. la, b). Stratified by clinical stage (cStage II/
III, n=38; cStage IV, n=12), median OS was 31.5 months
(95% CI 19.33-NA) in the cStage II/III subgroup, versus
57.6 months (95% CI 6.1-NA] in the cStage IV subgroup
(p=0.77; Fig. 2a). Median PFS was 10.0 months (95% CI
6.3—16.8) in the cStage II/III subgroup, versus 10.1 months
(95% CI 1.4-30.3) in the cStage IV subgroup (p=0.49;
Fig. 2b). Stratified by ARDI (>85%, n=38;<85%, n=12),
median OS was 32.3 months (95% CI 19.1-NA) in the
high ARDI subgroup and 41.9 months (95% CI 7.4-NA)
in the low ARDI subgroup (p=0.63; Fig. 2c). Median PFS
was 11.6 months (95% CI 6.4-NA] in the high ARDI sub-
group and 6.3 months (95% CI 1.8-NA) in the low ARDI
subgroup (p=0.47; Fig. 2d). Stratified by the objective
response according to RECIST vl1.1 (responders, n=15;
non-responders, n=35), median OS was not reached (95%
CI 31.5-NA) in responders, versus 21.4 months (95% CI
13.5-33.0) in non-responders (p=0.028; Fig. 2e). Median
PFS was 83.3 months (95% CI 6.4-NA] in responders,
versus 7.4 months (95% CI 6.0-12.8) in non-responders
(p=0.017; Fig. 2f). Stratified by the objective response
according to JES 12th (responders, n=22; non-responders,
n=28), median OS was not reached (95% CI 53.1-NA) in
responders, versus 19.3 months (95% CI 9.4-30.6) in non-
responders (p <0.001; Fig. 2g). Median PFS was not reached
(95% CI 15.6-NA] in responders, versus 6.2 months (95%
CI 3.7-7.6) in non-responders (p <0.001 Fig. 2h).

Of the 44 surgically treated patients, median OS and
PFS were 53.1 (95% CI 21.4-NA) and 13.8 months (95%
CI 7.4-30.3), respectively (Fig. 3a, b). Stratified by clini-
cal stage (cStage II/III, n=34; cStage IV, n=10), median
OS was 33.1 months (95% CI 21.4-NA) in the cStage II/
III subgroup and 57.6 months (95% CI 6.1-NA) in the

Fig.1 Kaplan—Meier curves of A
all patients treated with neoad-
juvant DCF (n=50). Median
OS (a) and PFS (b) in the entire
cohort
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cStage IV subgroup (p=0.87; Fig. 4a). Median PFS was
12.8 months (95% CI 7.4-83.3) in the cStage II/III sub-
group and 14.7 months (95% CI 1.4-30.3) in the cStage
IV subgroup (p=0.62; Fig. 4b). Stratified by the objective
response according to RECIST v1.1 (responders, n=15;
non-responders, n=29), median OS was not reached (95%
CI 31.5-NA) in responders, versus 21.7 months (95% CI
16.2-NA) in non-responders (p =0.047; Fig. 4c). Median
PFS was 83.3 months (95% CI 6.4-NA) in responders,
versus 7.8 months (95% CI 6.2-15.6) in non-responders
(p=0.060; Fig. 4d). Stratified by the objective response
according to JES 12th (responders, n=22; non-responders,
n=22), median OS was not reached (95% CI 53.1-NA) in
responders, versus 21.0 months (95% CI 12.8-32.3) in non-
responders (p <0.001; Fig. 4e). Median PFS was not reached
(95% CI 15.6-NA] in responders, versus 6.9 months (95%
CI 6.0-9.1) in non-responders (p < 0.001 Fig. 4f). Stratified
by the pathological lymph nodes metastasis status (pNO,
n=38; pN+, n=36), median OS was not reached (95% CI
6.1-NA) in the pNO subgroup and 32.3 months (95% CI
21.0-NA) in the pN+ subgroup (p =0.13; Fig. 4g). Median
PFS was not reached (95% CI 15.4-NA) in the pNO sub-
group, versus 10.3 months (95% CI 6.4-16.8) in the pN+
subgroup (p=0.067; Fig. 4h).

Discussion

In this study, we investigated the efficacy of neoadjuvant
DCF chemotherapy followed by surgery for locally advanced
esophageal cancer. Notably, we found that patients who
responded to neoadjuvant DCF therapy had a good prognosis
(both OS and PFS), and patients with pN+ were more likely
to experience relapse (poor PFS). However, prognosis did
not differ according to ARDI.

Our study revealed significantly longer OS and PFS in
patients who responded to neoadjuvant DCF therapy. After
excluding the six patients who did not proceed to surgery
because of PD after preoperative DCF therapy, OS was
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Fig.2 Stratified Kaplan—-Meier
curves of all patients treated
with neoadjuvant DCF (n=50).
Median OS (a) and PFS (b)
stratified by clinical stage
(cStage I/III, n=38; cStage IV,
n=12). Median OS (¢) and PFS
(d) stratified by ARDI (>85%,
n=238;<85%, n=12). Median
OS (e) and PFES (f) stratified by
the objective response accord-
ing to RECIST v1.1 (respond-
ers, n=15; non-responders,
n=35) and median OS (g) and
PFES (h) stratified by the objec-
tive response according to JES
12th (responders, n=22; non-
responders, n=28). OS overall
survival, PFS progression-free
survival, ARDI average relative
dose intensity, RECIST v1.1
Response Evaluation Criteria in
Solid Tumors, version 1.1, JES
12th Japanese Classification of
Esophageal Cancer, 12th edition
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Fig.3 Kaplan—Meier curves of A B
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significantly longer in responders, and the same trend was
observed for PFS. However, outcomes did not differ between
cStage IV and cStage II/III. A multicenter phase II trial of
locally advanced unresectable (clinical T4) esophageal
cancer evaluating DCF therapy followed by conversion sur-
gery (if cancer became resectable) or concurrent chemora-
diotherapy (if not resectable) found that OS and PFS were
significantly longer for patients who underwent RO resec-
tion (n=19) than for those who did not undergo RO resec-
tion (3-year OS: 71.4% vs. 30.1%, 3-year PFS: 61.3% vs
25.0%) [16]. Our results are consistent with these findings
in that the outcome of sequential local treatment was bet-
ter in responders. Based on these results, depending on the
response to neoadjuvant DCF therapy, it could be possible
to select patients who should undergo surgery (even if it
is more invasive) because of the expected improvement in
survival, whereas another modality treatment should be con-
sidered in other patients.

Moreover, our results identified pN+ as a risk factor for
recurrence (poor PES), although a significant difference was
not obtained because of the small study size. A subgroup
analysis of the JCOG9204 study comparing postoperative
FP therapy with surgery alone suggested a trend of poorer
prognosis for pN1 cases than for pNO cases in both groups
[2]. These consistent results suggest that pN+ is a risk factor
for recurrence after preoperative chemotherapy followed by
surgery in esophageal cancer. We are conducting a phase
IT study of neoadjuvant DCF therapy followed by adjuvant
S-1 monotherapy for pN+ patients with locally advanced
esophageal cancer (jJRCTs031180375).

In neoadjuvant chemotherapy for early-stage breast can-
cer, the US Food and Drug Administration and European
Medicines Agency have supported the use of pCR as a sur-
rogate endpoint for long-term clinical benefit (event-free
or disease-free survival and OS) for accelerated approval
of new drugs in randomized clinical trials. Some previous
meta-analyses reported a strong correlation between pCR
and disease-free survival and OS, however, not at the trial
level, but at the patient level (especially in aggressive tumor

Time since first infusion (months)

subtypes) [17, 18]. Our retrospective study for esophageal
cancer showed consistent results that the effect of neoadju-
vant chemotherapy could predict long-term clinical benefit,
although the cancer type was different. Moreover, the study
was characterized by including more advanced cases.

In our study, survival did not differ according to
ARDI (ARDI>85% is equivalent to a one-level dose
reduction for all three drugs). Although it is believed that
the dose of perioperative chemotherapy as part of radical
treatment cannot be easily reduced, in preoperative DCF
therapy given every 4 weeks (two cycles) in esophageal
cancer, dose reductions might be acceptable depending
on adverse events and other patient factors. Conversely,
in our ongoing phase II trial of cStage II/III esophageal
cancer (JRCTs031180375), neoadjuvant DCF therapy is
being administered every 3 weeks (three cycles) similarly
as performed in the JCOG1109 trial [10]. Although the
expected proportion of pN+ patients was expected to
exceed 70% in jRCTs031180375 (versus 82% in the current
study), when case accumulation was almost completed, the
proportion of pN+ cases was much lower at 37%. Therefore,
additional cases were added. These results suggest that
adjuvant DCF therapy might be more effective if given every
3 weeks for three cycles than every 4 weeks for two cycles,
although dose reduction is acceptable. However, a recent
report of a multicenter randomized trial of two versus three
courses of preoperative DCF therapy in 180 patients with
locally advanced esophageal cancer, recorded comparable
pNO rates in the two groups (p =0.225), with comparable
RO resection rates (98.9% vs 96.5%, p=0.830) and 2-year
PFS rate (71.4% vs. 71.1%, p=0.669) [19]. Therefore, the
number of courses of DCF administered might not affect its
efficacy. Further studies are warranted to clarify the optimal
dose, intervals, and course of neoadjuvant DCF therapy for
esophageal cancer.

Several limitations of this study should be acknowledged.
First, this was a retrospective study with a small number of
patients, and selection bias might have arisen from physi-
cians’ subjectivity in determining the application of adjuvant
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Fig.4 Kaplan—Meier curves of
patients who underwent surgery
after neoadjuvant DCF (n=44).
Median OS (a) and PFS (b)
stratified by clinical stage
(cStage II/III, n=34; cStage 1V,
n=10). Median OS (¢) and PFS
(d) stratified by the objective
response according to RECIST
vl1.1 (responders, n=15; non-
responders, n=29) and median
OS (e) and PFS (f) stratified by
the objective response accord-
ing to JES 12th (responders,
n=22; non-responders, n=22).
Median OS (g) and PFS (h)
stratified by the pathological
lymph nodes metastasis status
(pNO, n=8; pN+, n=36).

OS overall survival, PFS
progression-free survival, ARDI
average relative dose intensity,
RECIST v1.1 Response Evalu-
ation Criteria in Solid Tumors,
version 1.1, JES 12th Japanese
Classification of Esophageal
Cancer, 12th edition, pNO
pathological lymph nodes were
negative for metastasis, pN+
pathological lymph nodes were
positive for metastasis

@ Springer

>

Overall survival (%)

(@]

Overall survival (%)

Overall survival (%)

Overall survival (%)

100
cStage II/ll —
cStage IV
80
60
40
20
P=0.87
04
T T T T T T
0 20 40 60 80 100
Time since first infusion (months)

100 4 Response (RECIST v1.1)
non-responder —
responder

80 - P
RRP apemzz
60 -
40 +
20
04 P=0.047
T T T T T T
0 20 40 60 80 100
Time since first infusion (months)

100 - Response (JES 12th)
non-responder —
responder

80
60
40
20
0 P<0.001
T T T T T T
0 20 40 60 80 100
Time since first infusion (months)
100 +
. pNO
PN+ ----
B
80 -
i3
60 - L
04 0 T S
- Hi=-=+
20
0 P=0.13
T T T T T T
0 20 40 60 80 100

Time since first infusion (months)

Progression-free survival (%)

(v]

Progression-free survival (%)

g |

Progression-free survival (%)

I

Progression-free survival (%)

100

80

60

40

20 4

cStage I/l —
cStage IV

P=0.62

100 -

80

60

40

20

T T T T T

20 40 60 80 100
Time since first infusion (months)
Response (RECIST v1.1)

non-responder ——
responder

P=0.060

100

80+

60

40+

20

T T T

T T
20 40 60 80 100
Time since first infusion (months)

Response (JES 12th)
non-responder __
responder

P<0.001

100 7

80

60 7

407

20

T T T T

T
20 40 60 80 100
Time since first infusion (months)

pNO —
pN+ ===
__________________________ T
s S
P=0.067

T T T T T

20 40 60 80 100
Time since first infusion (months)



Esophagus (2024) 21:514-522

521

DCF therapy. Second, because the small cohort with 27
events of death was not statistically valid to perform a mul-
tivariate analysis with more than three variables, we could
not conduct a multivariate analysis to assess the prognostic
factors (including response to the DCF therapy or clinical
staging) for survivals.

In conclusion, the present study found that neoadjuvant
DCF chemotherapy followed by surgery for locally
advanced esophageal cancer was feasible, and the response
to neoadjuvant DCF therapy could predict the long-term
prognosis of patients. Additionally, pN + tended to increase
the risk of recurrence, but cStage (II/IIT or IV) and lower
ARDI did not influence survival.
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