Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY LETTERS 29: 159, 2025

Optimal treatment strategy for older patients with esophageal
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Abstract. The appropriate treatment strategy for esophageal
squamous cell carcinoma (ESCC) in older patients remains
unclear. The efficacy of preoperative chemotherapy using a
divided-dose regimen of biweekly docetaxel, cisplatin and
5-fluorouracil (DCF) neoadjuvant chemotherapy (NAC)
was compared with upfront surgery (US) in patients aged
=70 years with ESCC. The present study retrospectively
analyzed the multicenter data of patients who received
esophagectomy for ESCC between January 2015 and
December 2021. The present study investigated patient
prognosis using inverse probability weighting analysis and
psoas muscle index (PMI) as a background factor for older
patients with ESCC potentially deriving greater benefit from
this NAC regimen. Among 86 eligible patients, 47 received
NAC (NAC group) and 39 underwent US (US group). No
significant differences were observed between the groups
in 3-year overall survival [OS; hazard ratio (HR), 0.576;
P=0.325) and 3-year recurrence-free survival (HR, 0.483;
P=0.141). Among the patients with low PMI, 3-year OS was
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significantly prolonged in the NAC group vs. the US group
(HR, 0.342; 95% ClI, 0.144-0.812; P=0.015). In the older
patients with ESCC, a divided-dose regimen of DCF did not
improve prognosis. When the PMI is low, a biweekly DCF
regimen may contribute to extending OS. Future prospective
large studies are needed.

Introduction

Older adults more commonly suffer from esophageal
squamous cell carcinoma (ESCC), and as populations
age, the average age of those affected also increases (1).
Comorbidities and critical dysfunction in pulmonary,
cardiac, or renal organs, for example, are often present in
older patients (2), who cannot tolerate treatment intensity
as easily as younger patients. However, as the clinical data
clearly show statistically, surgery alone cannot control
advanced ESCC (3). In Japan, esophageal cancer in the
surgically resectable stages is generally treated with neoad-
juvant chemotherapy (NAC) and subsequent surgery (4,5).
Recent results from the JCOG1109 randomized clinical
study have changed the standard treatment for patients with
clinical stage II or IIT ESCC in Japan. Now, neoadjuvant
triplet chemotherapy with docetaxel, cisplatin, and 5-fluo-
rouracil (DCF) is administered in place of cisplatin (CDDP)
plus 5-fluorouracil (5-FU) (6,7). However, the JCOG1109
study included only patients aged <75 years with an Eastern
Cooperative Oncology Group performance status (PS) of
0 or 1 (8). Deciding how to treat older patients based on
clinical trial results from younger patients can be difficult
in real-world clinical practice. By dividing the doses of
docetaxel (TXT), CDDP, and 5-FU, new regimens with high
completion rates and therapeutic efficacy are being devel-
oped (9-11). Identification of the increasing number of older
patients with ESCC who are intolerant to preoperative treat-
ment vs. those who should be treated preoperatively could
speed the development of appropriate therapeutic strategies.

We therefore conducted a multicenter retrospective study
to determine the indications for divided-dose DCF (biweekly
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DCF) in patients aged =70 years with ESCC in comparison to
upfront surgery (US).

Patients and methods

Patient eligibility. Data were retrieved from a prospective data-
base of patients who had undergone esophagectomy at Gifu
University Hospital, Gifu Prefectural General Hospital, and
Gifu Municipal Hospital. Eligibility criteria included subtotal
esophagectomy performed for curative intent between January
2015 and December 2021; primary ESCC confirmed histologi-
cally; age =70 years; and clinical stage II/I1I disease as defined
by the International Union Against Cancer TNM classification
system, 8th edition (12), which includes clinical stage IV (no
distant organ metastasis other than supraclavicular lymph
node metastasis). Exclusion criteria were clinical T4 tumor,
conversion to definitive chemoradiotherapy, and salvage
surgery. Patients unable to undergo esophagectomy with no
known reason for discontinuation were excluded. The eligible
patients were divided into the NAC group and the US group
for comparison of long-term outcomes. The Gifu University
School of Medicine Ethics Committee and all participating
centers approved the study protocol (ID: 2022-232).

Preoperative neoadjuvant chemotherapy and surgical
treatment. The PS of all patients who underwent NAC
(biweekly DCF) was 0-2. All had adequate bone marrow,
liver, renal, and cardiovascular function. The anticancer
drugs were TXT (35 mg/m?), CDDP (40 mg/m?), and 5-FU
(400 mg/m?). TXT and CDDP were administered intra-
venously on days 1 and 15, and 5-FU was administered
on days 1-5 and 15-19, with all patients scheduled for two
cycles. Computed tomography (CT) or magnetic resonance
imaging was used to evaluate all measurable lesions other
than the primary tumor. Lesions were assessed with Response
Evaluation Criteria in Solid Tumors Criteria version 1.1 (13).
Four weeks following completion of the two chemotherapy
cycles, response was confirmed by esophagogastroduodenos-
copy and CT. Adverse events were defined according to the
National Cancer Institute's Common Terminology Criteria for
Adverse Events version 5.0.

In all patients, subtotal esophagectomy with medi-
astinal lymphadenectomy was performed via right
thoracoscopy or thoracotomy. Follow-up included esopha-
gogastroduodenoscopy and CT performed every 4-6 months
each year postoperatively.

Endpoints. The primary endpoints were 3-year overall
survival (OS) and recurrence-free survival (RFS). OS was
calculated from the first examination day to the day of death or
last follow-up day. RFS was calculated from the first examina-
tion day to the day of death, day of disease recurrence, or last
follow-up day. At the last follow-up, patients were contacted
to determine if they were still alive. The secondary endpoints
were the between-group differences in perioperative compli-
cations, prognosis by pathological stage, and the difference in
prognosis between patients with high and low psoas muscle
index (PMI), a background factor assessed in older patients
with ESCC who may derive greater benefit from this NAC
regimen. As PMI may influence treatment effect (14,15),

we classified patients into the PMI high group and PMI low
group based on cut-off values of 6.36 cm?/m? for males and
3.92 cm?/m? for females (16), which indicate low skeletal
muscle mass in Japan.

Statistical analysis. Patients' characteristics between the NAC
and US groups are summarized by frequencies and percent-
ages for categorical variables and by interquartile ranges
for continuous variables. Between-group differences were
compared with the chi-square test, Wilcoxon rank-sum test
or Fisher's exact test. A logistic regression model estimated a
propensity score representing the possibility of receiving NAC
based on the patients' data at first examination. This model
included the variables listed in Table I. Stabilized inverse prob-
ability weights were generated using the previously obtained
propensity score. Kaplan-Meier curves adjusted by inverse
probability weighting (IPW) were calculated to graphically
compare OS and RFS between the NAC and US groups. The
reported p-value was estimated using a Cox proportional
hazards model. The hazard ratio (HR) was estimated by Cox
IPW regression. Robust variance was used to avoid underesti-
mating the variance of the regression coefficients. Subgroup
analysis based on pathological stage and PMI was performed
in the unweighted population.

Adverse events in the NAC group are summarized by
frequencies and percentages. Surgical results are summarized
by frequencies and percentages for the categorical variables
and medians with interquartile ranges for the continuous
variables. Between-group differences were estimated by
Fisher's exact test or Wilcoxon rank-sum test. All P-values
were two-sided, with the level of significance set at P<0.05.
All analyses were performed with R 4.2.2 (The R Project for
Statistical Computing).

Results

Patients and inverse probability weighting analysis. This
study included 86 eligible patients (Fig. 1). Table I summa-
rizes the patient background characteristics of the NAC group
(n=47 patients, 54.7%) and US group (n=39 patients, 44.2%).
Overall median patient age was 75.5 (71-79) years. PS was
significantly better and clinical stage disease was significantly
more advanced in the NAC group vs. US group. Patient
characteristics in both groups were similar following IPW
(Table II), and no characteristics were significantly different.
Postoperative adjuvant chemotherapy was added for 18.4% of
the patients in the US group.

Patient outcomes and survival. Kaplan-Meier survival curves
for OS and RFS in the IPW cohort are shown in Fig. 2.
Prognosis was not significantly different between the NAC
group and US group (3-year OS: HR=0.576; P=0.325 and
3-year RFS: HR=0.483; P=0.141). The incidence of adverse
events of Grade 3 or higher in the NAC group was 20 (42.6%)
for hematologic toxicity and 9 (19.1%) for non-hematologic
toxicity (Table III). In the NAC group, 32 patients (68.1%)
underwent thoracoscopic surgery, and 15 patients (31.9%)
underwent open thoracotomy, whereas in the US group, the
numbers were 29 patients (74.4%) and 10 patients (25.6%),
respectively. Operative time, amount of blood loss, and
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Table I. Patient clinical and background characteristics.
Characteristics NAC group (n=47) US group (n=39) P-value
Median age, years (IQR) 75.0 (71.5,78.0) 76.0 (72.0,79.0) 0.310
Sex, n (%) 0.863

Male 38 (80.9) 33 (84.6)

Female 9(19.1) 6(154)
PS,n (%) <0.001

0 14 (29.8) 1(2.6)

1 29 (61.7) 15 (38.5)

2 4(8.5) 23 (59.0)
cStage (UICC8th), n (%) <0.001*

I 8 (17.0) 22 (56.4)

I 28 (59.6) 15 (38.5)

IVA 10 (21.3) 2(5.1)

IVB 1(2.1) 0(0.0)
Median Cre, mg/dl (IQR) 0.8(0.7,0.9) 0.8(0.7,0.9) 0.979
Median WBC, /ul (IQR) 6720.0 (5310.0,9420.0) 6750.0 (5230.0, 8250.0) 0.329
Median Hb, g/dl (IQR) 134 (12.1,14.1) 13.5(12.2,14.6) 0.376
Median BMI, kg/m? (IQR) 20.5 (18.6,23.6) 21.5(19.8,23.6) 0.450
Median serum Alb, g/dl (IQR) 4.1(3.9,4.3) 4.0(3.7,4.2) 0.090
Median T-Cho, mg/dl (IQR) 174.0 (148.0,215.0) 191.0 (177.5,206.0) 0.202
Median CRP, mg/dl (IQR) 0.1(0.1,0.9) 0.2(0.1,04) 0.900
Median Neut, /ul IQR) 4670.0 (3515.0, 6695.0) 4323.0 (2917.5,5536.0) 0.254
Median Lymph, /ul (IQR) 1562.0 (1189.5, 1884.5) 1584.0 (1275.0,2077.0) 0.240
Median PIt, 10*/ul (IQR) 2730 (219.5,328.5) 2230 (199.0,255.0) 0.005

“Fisher's exact test. NAC, neoadjuvant chemotherapy; US, upfront surgery; IQR, interquartile range; PS, performance status; Cre, creatinine;
WBC, white blood cell; Alb, albumin; T-Cho, total cholesterol; CRP, C-reactive protein; Neut, neutrophil count; Lymph, lymphocyte count;
PlIt, platelet; UICC, Union for International Cancer Control; Hb, hemoglobin.

postoperative complications can be compared between the
two groups in Table I'V. In both groups, pneumonia occurred
in about 20% and recurrent nerve palsy in about 10% of the
patients, but the differences were non-significant. However,
anastomotic leakage was significantly more common in the
US group. We compared OS by pathological stage between
the NAC and US groups but observed no significant difference
for any stage (3-year OS for stages II, III, and I'V: P=0.156,
P=0.501, and P=0.094, respectively) (Fig. 3). There were
22 patients (25.6%) in the PMI high group and 64 patients
(74.4%) in the PMI low group. No significant difference in
3-year OS was found in the PMI high group (HR=1.12; 95%
confidence interval [CI],0.205-6.123; P=0.896), but in the PMI
low group, it was significantly prolonged in the NAC group
compared to the US group (HR=0.342; 95% CI, 0.144-0.812;
P=0.015) (Fig. 4).

Discussion

Surgery is a particularly invasive treatment for ESCC.
Nevertheless, it has remained the primary form of treatment
for locally advanced ESCC even though perioperative treat-
ment has intensified and improved the prognosis. Recent
advances have increased the safety of surgical treatment,

and more facilities are actively performing surgery on older
patients with ESCC (17). In a study comparing 50 esophageal
cancer patients =75 years old with 100 patients <75 years old,
Kanda er al (18) reported no significant differences in postop-
erative complications. Morita et al (19) reported a morbidity
rate of 25% for esophagectomy in patients =80 years old and
found the incidences of surgical and medical complications
to be similar to those for patients <70 years old. Moreover,
they reported a decreased morbidity rate even in their patients
>80 years old by following strict indications for surgery and
performing a less invasive operation (omitting supraclavicular
lymphadenectomy and performing a two-stage operation for
risky patients). In their study of 5,066 patients aged 75-79 years
old with ESCC, Motoyama et al (20) reported that surgery
significantly prolonged OS compared to chemoradiation
therapy or chemotherapy alone in advanced esophageal cancer
of stage II or higher. In contrast, Miyata et al (21) reported
that among 722 esophageal cancer patients >70 years old
divided into four groups according to age, respiratory and
cardiac complications increased with age. Older patients are
particularly faced with many age-specific problems, such as
aspiration pneumonia from delayed recovery of swallowing
function, prolonged hospitalization due to decreased activities
of daily living, and even progression of dementia.
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Table II. Patient clinical and background characteristics after inverse probability weighting, where the information of each
patient is weighted by their stabilized inverse probability.

Characteristics NAC group (n=30.7) US group (n=32.7) P-value
Median age, years (IQR) 75.0 (71.9,78.0) 76.4 (72.0,79.0) 0.373
Sex, n (%) 0.729*

Male 25.8 (83.8) 28.8 (87.8)

Female 50 (16.2) 40(12.2)
PS, n (%) 0.032¢

0 6.7 (22.0) 1.7(5.2)

1 194 (63.1) 16.8 (51.5)

2 4.6 (15.0) 14.2 (43.3)
cStage (UICCS8th), n (%) 0.052*

II 8.5(27.5) 17.3 (52.9)

I 153 (49.7) 13.2 (40.2)

Iva 6.6 (214) 2.3 (7.0)

IVb 0.5(1.5) 0.0 (0.0)
Median Cre, mg/dl (IQR) 0.8(0.7,1.0) 0.8(0.7,1.0) 0.882
Median WBC, /ul (IQR) 6407.7 (5071.2, 8629.9) 6465.5 (4524.7,8038.3) 0474
Median Hb, g/dl (IQR) 13.8 (12.3,14.3) 13.4(11.7,14.6) 0.920
Median BMI, kg/m? (IQR) 20.8 (19.3,23.7) 21.6 (18.8,23.6) 0.879
Median serum Alb, g/dl (IQR) 4.1(3.7,4.3) 4.0(3.8,4.2) 0.535
Median T-Cho, mg/dl (IQR) 1744 (156.1,215.0) 185.6 (177.6, 198.0) 0.547
Median CRP, mg/dl (IQR) 0.1 (0.0,0.8) 0.1(0.1,0.3) 0.978
Median Neut, /u1 IQR) 4033.1 (32024, 5696.8) 41274 (2539.1,5441.0) 0.351
Median Lymph, /ul (IQR) 1629.5 (1320.3, 1882.7) 1610.9 (1244.7,2014.5) 0.573
Median PIt, 10*/ul (IQR) 239.6 (208.9,316.3) 218.2 (203.4,249.2) 0.046

“Fisher's exact test. NAC, neoadjuvant chemotherapy; US, upfront surgery; IQR, interquartile range; PS, performance status; Cre, creatinine;
WBC, white blood cell; Alb, albumin; T-Cho, total cholesterol; CRP, C-reactive protein; Neut, neutrophil count; Lymph, lymphocyte count;

PlIt, platelet; UICC, Union for International Cancer Control; Hb, hemoglobin.

Table III. Adverse events in the neoadjuvant chemotherapy
group (n=47).

Adverse events No. (%)
All grades (CTCAE ver 5.0) 39 (83.0)
Grade 2 or lower
Hematologic toxicity 26 (55.3)
Non-hematologic toxicity 13 (27.7)
Grade 3 or higher
Hematologic toxicity 20 (42.6)
Leukopenia 9(19.1)
Neutropenia 5(10.6)
Thrombocytopenia 3(64)
Anemia 3(64)
Non-hematologic toxicity 9(19.1)
Anorexia 5(10.6)
Fatigue 3(64)
Hyponatremia 1(2.1)

CTCAE, National Cancer Institute's Common Terminology Criteria
for Adverse Events.

There are several reports on the benefits of NAC to treat
esophageal cancer in older patients. Yamashita er al (22)
compared data on patients aged =75 years with advanced
ESCC receiving NAC or not and found a better prognosis in
those patients responding pathologically to NAC. However,
in their patients with a PS of 1 or higher, the prognostic value
of NAC was not clear, and they suggested that this group
could likely undergo surgery alone. Among older patients
with ESCC and a poor PS, Booka ef al (23) found NAC to be
non-beneficial and considered an increase in postoperative
complications as the reason for NAC worsening the prog-
nosis of these patients. Matsuda ez al (24) similarly reported
no survival benefit with preoperative DCF, the current stan-
dard of treatment, in patients >76 years old. Furthermore,
they reported that pneumonia and anastomotic leakage
as postoperative complications were negative prognostic
factors for shorter OS and RFS in patients with esophageal
cancer who were >75 years old and had undergone preopera-
tive therapy with DCF (25).

Myelosuppression may be reduced by the divided admin-
istration of TXT and CDDP without greatly changing its
efficacy (10). Neutropenia was the most common Grade 3 or
higher toxicity in 31.3% of the patients in the biweekly treat-
ment regimen, whereas Kato et al (7) reported that 85% of
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January 2015 to December 2021
Curative-intent esophagectomy with or without neoadjuvant chemotherapy
Age over 70 years

n=106
Postoperative pathology
is adenocarcinoma < NAC: CDDP plus 5-FU

n=2 - n=16

Postoperative pathology > Ivor-Lewis
is NEC < n=1
n=1
Enrolled patients
n=86
NAC (biweekly DCF) Upfront surgery
n=47 n=39

Figure 1. Flowchart of patient selection process. 5-FU, 5-fluorouracil; CDDP, cisplatin; DCF, docetaxel, cisplatin, 5-fluorouracil; NAC, neoadjuvant chemo-
therapy; NEC, neuroendocrine carcinoma.
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HR, 0.576; 95% ClI, 0.192-1.728; P=0.325 HR, 0.483; 95% ClI, 0.183-1.273; P=0.141

Figure 2. Kaplan-Meier estimates of 3-year overall survival and recurrence-free survival in the inverse probability weighting cohort for the NAC and US
groups. HR, hazard ratio; NAC, neoadjuvant chemotherapy; US, upfront surgery.

their patients developed Grade 3 or higher neutropenia. In the  potentially effective treatment, it did not show usefulness as
present study, we limited the NAC regimen to biweekly DCF.  NAC in an older population (9,10). This result is similar to and
Although this regimen was reported to be a less toxic and  supports that reported in the previous literature (22,23,25).
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Variable Overall (n=86) NAC (n=47) US (n=39) P-value®
Median operation time, min (IQR) 486 (431,551) 481 (436, 530) 492 (429, 594) 0.435
Median amount of blood loss, ml (IQR) 220 (110, 358) 165 (80, 320) 244 (130, 408) 0.085
Pneumonia (CD =II), n (%) 19 (22) 10 (21) 9 (23) >0.999
Anastomotic leakage (CD =III), n (%) 5(6) 0 (0) 5(13) 0.017
Recurrent nerve paralysis (CD =II), n (%) 9 (10) 5(11) 4 (10) >0.999
Other complications (CD =II), n (%) 21 (24) 11 (23) 10 (26) >0.999

*Wilcoxon rank sum test; Fisher's exact test. CD, Clavien-Dindo classification ver2.0; IQR, interquartile range; NAC, neoadjuvant chemo-

therapy; US, upfront surgery.
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HR, 0.22; 95% ClI, 0.027-1.799; P=0.156

Number at risk
HR, 0.665; 95% Cl, 0.203-2.181; P=0.501

Number at risk
HR, 0.215; 95% Cl, 0.036-1.298; P=0.094

Figure 3. Kaplan-Meier estimates of 3-year overall survival for pathological stages II, IIT and IV for the NAC and US groups. HR, hazard ratio; NAC, neoad-

juvant chemotherapy; US, upfront surgery.
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Number at risk
HR, 0.342; 95% Cl, 0.144-0.812; P=0.015

Figure 4. Kaplan-Meier estimates of 3-year overall survival for the NAC and US groups divided by high and low PMI. HR, hazard ratio; NAC, neoadjuvant

chemotherapy; PMI, psoas muscle index; US, upfront surgery.
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PMI change in the NAC group (n=47), mean+SD (cm?/m?)

PMI high group PMI low group
n=7 n=40
Male Female Male Female
n=6 n=1 n=32 n=8
Before NAC 7.40+1.21 4.95 4.63+0.96 3.22+0.68
After 1 course of NAC 7.55+1.22 4.88 5.25+0.88 3.7210.75
After 2 courses of NAC 7.47+1.20 4.86 6.23+0.84 3.91+£0.72
PMI (cm2/m?2) Male PMI (cm2/m?2) Female
9 6
8 7|4 7}5 7.]47 5
7 3
J 6.23 4
6 [ 5
D.£9
3
5 4.63
4 2
3 1

Before NAC After 1 course of NAC After 2 courses of NAC

Before NAC After 1 course of NAC After 2 courses of NAC

Figure 5. Changes in the PMI during preoperative chemotherapy. NAC, neoadjuvant chemotherapy; PMI, psoas muscle index.

Although there is no difference in long-term prognosis, it may
be better for older patients with ESCC to undergo US to avoid
the side effects and decreased physical strength resulting from
NAC. In our examination of surgical outcomes, the incidence
of failure resulting in anastomotic leakage was different
between the NAC group and US group. This was presumably
due to differences in fine anastomotic technique and gastric
tube construction between centers.

In NAC for ESCC, the PMI has a significant effect on
differences in chemotherapy response rates and adverse
event rates (11,14,26,27). Our cohort showed significantly
prolonged 3-year OS in the PMI low group of the NAC
group compared to that in the US group. The usual dura-
tion of NAC of eight weeks or more is an active period of
nutritional management and intervention with rehabilitation.
The present results suggest that for older patients with ESCC
and low PMI, the duration of NAC may also lead to a period
of careful preoperative preparation, which may result in a
favorable outcome by selecting eligible patients for surgery.
In fact, the PMI low group tended to have higher PMI due
to multifaceted therapeutic interventions during the NAC
(Fig. 5). However, as low PMI itself is a favorable factor for
adverse events, it is important to perform NAC safely and in
conjunction with the delivery of adequate nutritional therapy
and rehabilitation that maintains muscle mass. It is possible
that the positive impact of lower toxicity by dividing DCF
into a biweekly regimen had an oncological effect in the low
PMI group.

This study has several limitations. First, selection bias
was likely present due to the retrospective nature of the study.
Second, although this study focused only on a treatment
regimen of biweekly DCF, dose intensities were not analyzed.
Further, patients unable to undergo esophagectomy with no
known reason for discontinuation, such as disease progres-
sion or toxicity during NAC, were excluded. Third, limited
information was collected about patient characteristics, and

preoperative pulmonary function or other factors were not
evaluated. No power calculations were performed in the
PMI study because recruitment was opportunistic. Fourth,
consensus on the indications for postoperative adjuvant therapy
in the US group was lacking. Fifth, there was a relatively short
observation period.

We found that compared to US, a biweekly DCF treat-
ment regimen did not prolong OS and RFS at all stages in
patients with advanced ESCC who were =70 years old. Further
prospective large-scale studies will be required to develop an
optimal treatment strategy that is less toxic to but maintains
efficacy in older patients with advanced ESCC.
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