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Objective: To evaluate pathological response to NAC in metastatic LNs,
and assess its clinical prognostic significance in patients with EC.
Summary of Background Data: The pathological response to pre-
operative treatment is commonly evaluated in the PT. However, LN
metastases strongly correlate with systemic micro-metastases. Thus,
pathological evaluation of LN response could more accurately predict
prognosis in EC patients undergoing NAC before surgery.
Methods: We enrolled 371 consecutive patients who underwent triplet
NAC followed by surgery for EC between January 2010 and December
2016. Pathological LN regression grade was defined by the proportion
of viable tumor area within the whole tumor bed area for all metastatic
LNs: grade I, > 50%; II, 10%–50%; III, < 10%; and IV, 0%. We analyzed
the correlation of grade with clinico-pathological parameters.
Results: Among 319 patients with clinically positive LNs, pathological LN
regression grades were I/II/III/IV in 115/51/58/95 patients, and 191 patients
(59.9%) showed discordance between the PT and LN pathological regres-
sion grades. LN regression grade significantly correlated with cN positive
number, ypTNM, lymphovascular invasion, and clinical/pathological PT
response. Multivariate analysis for recurrence-free survival revealed that
LN regression grade [hazard ratio (HR) = 2.25, P < 0.001], ypT (HR =
1.65, P = 0.005), and ypT (HR = 1.62, P = 0.004) were independent
prognostic factors, but not pathological PT regression grade (P = 0.67).
Conclusions: Compared to PT response, pathological LN response better pre-
dicted long-term survival inECpatientswho receivedNACplus curative surgery.
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E sophageal cancer (EC) is a common digestive tract malig-
nancy, and the sixth leading cause of cancer death worldwide.1

Neo-adjuvant chemotherapy (NAC) has recently become a
standard treatment for locally advanced EC, based on the results
of several randomized control trials.2,3 NAC may induce tumor
down-staging, increased resectability, and elimination of micro-
metastases, thus leading to survival benefits for patients.

Clinical or pathological responses are routinely evaluated to
help predict prognosis in patients who undergo NAC for EC.4 The
commonly used grading systems for pathological tumor regression
refer to the amount of therapy-induced fibrosis relative to residual
tumor (Mandard system)5 or to the estimated percentage residual
tumor relative to the previous tumor site (Becker system).6,7 These
systems are generally considered good indicators that provide
important prognostic information or estimated risk of disease
recurrence; however, they only reflect the therapeutic effect on the
primary tumor (PT). To date, no standard grading systems eval-
uate the therapeutic response in lymph nodes (LNs).

Evidence shows that compared to PT progression, LN metas-
tases in EC patients are strongly associated with poor prognosis.8–10
Moreover, in recent studies, 18-fluorodeoxyglucose positron emission
tomography reveals inconsistent responses to NAC between PT and
LNs,11,12 implying additional value of evaluating the clinical response
in LNs. We hypothesized that in patients who have undergone NAC
for EC, the pathological LN response might be a better prognostic
factor than the pathological PT response. In our previous evaluation
of tumor diameter using computed tomography (CT), we demon-
strated that clinical LN response to NAC was a better prognostic
factor for long-term survival than the PT response.13 However, scarce
data are available regarding pathological evidence of LN responses to
NAC and the clinical significance.

In the present study, we aimed to investigate a new patho-
logical grading system that reflects the LN response to NAC. We
evaluated the use of this system for predicting long-term survival
in patients who underwent curative surgery following NAC for
locally advanced EC.

METHODS
Patients

This retrospective study included consecutive patients who
underwent triplet NAC—with either Adriamycin, cisplatin, and 5-
fluorouracil (ACF) or docetaxel, cisplatin, and 5-fluorouracil
(DCF)—followed by surgery for EC, between January 2010 and
December 2016, in the Department of Gastroenterological Surgery,
Osaka University Hospital.14–17 The selection of NAC for patients
with EC was based on the TNM classification,18,19 with cT1–3N1–3
disease being a definite indication, and either cT3N0 or cT4Nany,DOI: 10.1097/SLA.0000000000004238
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excluding massive infiltration to the bronchus or aorta considered a
relative indication. Massive invasion to adjacent organs was an
indication for chemoradiotherapy (CRT). Patients with cT1–2N0
tumors underwent surgery with no preoperative therapy. The eligi-
bility criteria were histological diagnosis with squamous cell carci-
noma of the esophagus, including the esophagogastric junction but
excluding the cervical esophagus; absence of distant metastasis,
excluding nonregional LN metastases; and having undergone
mac-roscopically curative resection (R0/1). Among 539 EC patients
who received preoperative therapy followed by surgery, we excluded
79 who received a NAC regimen other than ACF or DCF, and 66 who
underwent CRT. Of the remaining 394 patients, 371 patients achieved
curative resection meeting the eligibility criteria of this study (Sup-
plementary Fig. S1, http://links.lww.com/SLA/C378). True cN neg-
ative cases, defined as negative LNs with no evidence of regression in
pathological examination, were excluded from the analysis of rela-
tionships between LN regression grade and clinicopathological
characteristics or survival.

Clinical response of the PT was assessed following the Japa-
nese Classification of Esophageal Cancer.20 Patients with complete
or partial response were considered responders, whereas those with
stable or progressive disease were considered nonresponders. To
calculate the sum of LN minor axes, each LN minor axis was
measured using enhanced 64-slice CT scanning before NAC, as
previously described.13 All patients were staged according to the
eighth edition of the Union for International Cancer Control TNM
classification and staging system.21 Clinical staging was performed
based on the pre-treatment findings of therapeutic endoscopy, CT
scan, and 18-fluorodeoxyglucose positron emission tomography.
LNs with a short diameter of �10mm and standard uptake values
(SUV)max of �2.5 were considered clinically negative (ie, cN0), as
previously described.13 Each included patient provided signed con-
sent, and this study was approved by the Institutional Review Board
of Osaka University Hospital.

Treatment of EC
The standard NAC regimen comprises 2 or 3 courses of triplet

chemotherapy: ACF or DCF.22,23 The ACF regimen involved intra-
venous Adriamycin (35mg/m2) and cisplatin (70mg/m2) on day 1,
and continuous intravenous infusion of 5-fluorouracil (700mg/m2)
on days 1–7, repeated every 4weeks. The DCF regimen included
intravenous docetaxel (70mg/m2) and cisplatin (70mg/m2) on day 1,
and continuous intravenous infusion of 5-fluorouracil (700mg/m2)
on days 1–5, repeated every 3weeks. After completion of the last
course of chemotherapy, the patients underwent surgery. The stan-
dard surgical procedure was subtotal esophagectomy with 2-field or
3-field lymphadenectomies, as defined in the Japanese Classification
of Esophageal Cancer.18,24,25 The present study included patients
who received a reduced dose of each agent due to severe toxicity, and
those who did not respond to NAC.

Pathological Examination of PT and LN Regression
Pathological examination of resected specimens was initially

performed following a protocol for pathological examination, and in
accordance with the Japanese Classification of Esophageal Can-
cer.18,26 Briefly, after formalin fixation, the PT was cut into 5-mm
slices parallel with the long axis of the esophagus. LNs were typically
divided into 2 pieces, generating the maximum sectioned surface.
Section slides were stained with hematoxylin and eosin, and care-
fully examined by an experienced pathologist (E.M.). Pathological
PT regression was graded into 4 categories based on residual tumor
pertumorbed (gradeI, >50%; gradeII, 10%–50%; gradeIII, <10%;
grade IV, 0%) as originally described by Becker et al.7,8 Patients with
1122 | www.annalsofsurgery.com
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PT regression grade of III–IV were classified as PT responders, and
those with grades of I–II as PT nonresponders.

The therapeutic effect of NAC on LNs was assessed based on a
substantial area of fibrosis, necrosis, and granulomatous changes
within the nodal parenchyma, as previously described.27–30 LN regres-
sion grade was determined by calculating the proportion of viable
tumor area within the whole tumor bed area (including the area of
viable tumor and therapeutic changes of NAC) within the LN
(Fig. 1A–H). For patients with multiple metastatic LNs (including
LNs with complete response), we generated a total LN regression
gradebased on the proportionof the summedviable tumor area relative
to the summed tumor bed area for all metastatic LNs (Fig. LN
regression grades were determined using the same criteria as for PT
regression grades. This system was previously validated in a subset of
30patients usingNIH ImageJ software (Bethesda,MD) to calculate the
areas of each LN photographed using a BZ-X710 microscope (KEY-
ENCE; Itasca, IL). We additionally assessed the software quality by
using it to grading caseswith 6 ormoremetastatic LNs. Cases negative
for LN metastasis, and with no evidence of regression or previous
tumor involvement, were recorded as ‘‘true cN negative.’’

Statistical Analysis
We analyzed the relationships between clinicopathological char-

acteristics and LN regression grades using the chi-square test for
categorical variables and Mann-Whitney U test for continuous varia-
bles. Recurrence-free survival (RFS) was defined as the interval from
the date of surgery to the date of recurrence or death from any cause.
Cumulative recurrence was defined as the interval from the date of
surgery to the date of recurrence. RFS and cumulative recurrence were
estimated using theKaplan-Meiermethod, and compared using the log-
rank test. A Cox proportional hazard model was used for univariate
analyses of RFS, and the prognostic variables that showed significant
associationwere further assessedbymultivariate analyses.P< 0.05was
considered to indicate statistical significance. All analyses were per-
formed using SPSS software, version 22.0 (IBM Corp., Armonk, NY).

RESULTS

Patient Characteristics and Distribution of LN
Regression Grade

Among 371 eligible patients, 52 had negative LNs with no
evidence of regression (true cN negative group). The remaining 319
patients were evaluated for LN regression grade. Supplementary
Table S1, http://links.lww.com/SLA/C381 summarizes the baseline
characteristics of all 371 patients. Themedian agewas 68years (range,
35–83years) and the patients were predominantly male (85.7%). The
median number of clinically positive LNs was 2 (range, 0–41) and the
distribution of cStage was 26 stage I, 97 stage II, 182 stage III, and 66
stage IV. NAC was performed using the ACF regimen in 107 patients
(28.8%), and the DCF regimen in 264 patients (71.2%).

Total LN regression grade was I in 115 patients (36.1%), II in
51 patients (16.0%), III in 58 patients (18.2%), and IV in 95 patients
(30.0%) (Table 1). Figure 2A shows the distribution of LN regression
grade within each patient. Concerning the distribution of regression
grades for each LN per patient, 194 patients (60.8%) exhibited no
heterogeneity regarding their LN responses (category 1), 75 (23.5%)
patients showed LN responses of 2 different grades (category 2), 32
(10.0%) patients showed LN responses of 3 different grades (cate-
gory 3), and 18 (5.6%) exhibited LN responses of 4 different grades
(category 4). Table 1 shows the relationship between the PT regres-
sion grade and the LN regression grade. Of 319 patients, 128 (40.1%)
showed concordance between the PT and LN regression grade, 153
patients (48.0%) showed better response in LNs compared to PT, and
38 (11.9%) showed better response in PT than in LNs.
# 2020 Wolters Kluwer Health, Inc. All rights reserved.

Health, Inc. All rights reserved.

http://links.lww.com/SLA/C378
http://links.lww.com/SLA/C381


FIGURE 1. Representative images of hematoxylin and eosin-stained lymph nodes (LNs) for each LN regression grade. A, Grade I:
Viable tumor cells are observed in over 50% of the tumor bed area. B, Higher magnification of the white squared area of panel A. C,
Grade II: Viable tumor cells are observed in 10%–50% of the tumor bed area. D, Higher magnification of the white squared area of
panel C. E, Grade III: Viable tumor cells are observed in <10% of the tumor bed area. F, Higher magnification of the white squared
area of panel E. G, Grade IV: No viable tumor cells observed in the tumor bed area. H, Highermagnification of thewhite squared area
of panel G. The area enclosed by black lines indicates the tumor bed area, and the area enclosed by red lines indicates the viable
tumor area. I, Schematic representation of the formula for calculating the total LN regression grade.
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Relationship Between Clinico-pathological
Parameters and Pathological Regression Grade of
LNs

Table 2 shows the relationship between clinicopathological
characteristics and LN responses according to total LN regression
grade. Compared with nonresponders, patients who showed a
response in terms of total LN regression grade included significantly
higher proportions of ypT0-2 (60.1% vs 42.2%, P ¼ 0.001), ypN0-1
TABLE 1. Correlation Between Primary Tumor (PT) and Lymph N

I

Total LN regression grade I 89
II 38�

III 35�

IV 37�

Total 199 (62.4%) 4

Bold numbers surrounded with bold squares indicate patients in whom the total LN regres
terms of PT or total LN regression grade.

�Patients in whom the total LN regression grade was better than the PT regression grad
yPatients in whom the total LN regression grade was worse than the PT regression gra

# 2020 Wolters Kluwer Health, Inc. All rights reserved.
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(88.2% vs 44.0%, P < 0.001), ypM0 (95.4% vs 80.7%, P < 0.001),
negative lymphatic invasion (46.9% vs 17.2%, P < 0.001), negative
vascular invasion (74.1% vs 58.6%, P¼ 0.005), clinical PT response
(75.2% vs 63.9%, P ¼ 0.029), and responders in terms of pathologi-
cal PT regression grade (35.9% vs 10.8%, P < 0.001). Compared to
nonresponders, responders in terms of total LN regression grade
exhibited significantly lower numbers of cN-positive LNs (median: 3
vs 1, P < 0.001) The sum of LN minor axes, as measured by pre-
ode (LN) Pathological Regression Grades

PT Regression Grade

II III IV Total

15y 8y 3y 115 (36.1%)
6 5y 2y 51 (16.0%)
8� 10 5y 58 (18.2%)
18� 17� 23 95 (30.0%)

7 (14.7%) 40 (12.5%) 33 (10.3%) 319 (100%)

sion grade coincided with the PT regression grade. Shaded cells indicate ‘‘responders’’ in

e.
de.
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FIGURE 2. A, Distribution of the lymph node (LN) regression grades in each patient, and of the total LN regression grade
among 319 cases with clinically positive LNs. Shades of red are used to map the number of metastatic LNs in each regression
grade, and shades of blue map the total LN regression grades. Dotted lines distinguish cases by the number of different
regression grades exhibited by LNs in a single case. Cat. indicates category. B, Bar chart showing the number of patients with
LNs responders and nonresponders by each number of pathologically positive LNs among 319 cases with clinically positive LNs.
The white area represents the number of patients with nonresponders and the dark gray area represents the number of patients
with responders.
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therapeutic CT scan, did not significantly differ among the 4 groups
with different total LN regression grades (Supplementary Fig. S2,
http://links.lww.com/SLA/C379). Similarly, compared to nonres-
ponders, responders in terms of total LN regression grade showed
significantly fewer pN-positive LNs (median of 3 vs 0, P < 0.001).
Most responders (96.7%, 148/153) had �3 pN-positive LNs, as
shown in Figure 2B.

Relationship Between Long-term Survival and
Pathological Regression Grade of LNs

The median follow-up RFS was 60.6months among censored
patients. The median RFS for all patients was 36.1months, with a
95% confidence interval (CI) of 11.6–60.5months, and 194 events
(52.3%) were identified. The 5-year RFS rates for patients with PT
regression grades of I, II, III, and IV, were 36.9%, 59.2%, 58.4%, and
77.3%, respectively (Fig. 3A). Compared to nonresponders, respond-
ers in terms of PT regression grade showed a significantly higher 5-
year RFS rate (41.7% vs 67.1%, P < 0.001, Fig. 3B).

The 5-year RFS rates for patients with LN regression grades of
I, II, III, IV, and true cN0 were 26.5%, 26.6%, 58.1%, 71.5%, and
1124 | www.annalsofsurgery.com
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64.5%, respectively (Fig. 3C). RFS in true cN0 patients was signifi-
cantly better than in patients with a total LN regression grade of I (P
< 0.001) or II (P < 0.001), but not compared to patients with a total
LN regression grade of III (P ¼ 0.61) or IV (P ¼ 0.42). The 5-year
RFS rate among responders in terms of LN regression grade was
significantly better than that of nonresponders (66.4% vs 26.5%, P<
0.001) and almost equivalent to that in the true cN0 group (66.4% vs
64.5%, P ¼ 0.74, Fig. 3D). The 5 clinico-pathological covariables
that exhibited statistical significance in univariate analysis and were
included in Cox multivariate analysis for RFS. Poor RFS was
independently predicted by ypT3-4 [hazard ratio (HR) ¼ 1.65;
95% CI, 1.16–2.33; P ¼ 0.005], ypN2-3 (HR ¼ 1.62; 95% CI,
1.16–2.26; P ¼ 0.004), and nonresponse in terms of total LN
regression grade (HR ¼ 2.25; 95% CI, 1.56–3.24; P < 0.001),
but not by nonresponse in terms of pathological PT regression grade
(HR ¼ 1.10; 95% CI, 0.69–1.76; P ¼ 0.67) (Table 3).

We also evaluated the influence of pathological regression
grade on survival according to disease site (ie, PT and LNs). The 5-
year RFS rates were 78.0% for PT-responders/LNs-responders,
29.4% for PT-responders/LNs-nonresponders, 59.7% for PT-non-
# 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Clinicopathological Characteristics According to
Total Lymph Node (LN) Regression Status

Responders�

(n ¼ 153, %)
Nonrespondersy

(n ¼ 166, %) P-value

Age in years
Median (range) 69 (35–82) 66 (38–82) 0.071

Sex
Male 134 (87.6%) 140 (84.3%) 0.41
Female 19 (12.4%) 26 (15.7%)

Location
Ut 26 (17.0%) 34 (20.5%) 0.43

Mt/Lt 127 (83.0%) 132 (79.5%)
Histological differentiation (SCC)
Well/mod 137 (89.5%) 148 (89.2%) 0.91
Poor 16 (10.5%) 18 (10.8%)

cT

1–2 37 (24.2%) 33 (19.9%) 0.35
3–4 116 (75.8%) 133 (80.1%)

cN
0–1 136 (88.9%) 140 (84.3%) 0.23
2–3 17 (11.1%) 26 (15.7%)

cM
0 126 (82.4%) 128 (77.1%) 0.25
1 27 (17.6%) 38 (22.9%)

Number of cN
Median (Range) 1 (1–18) 3 (1–41) <0.001

Summed minor axes of
pretreatment LNs (mm)
Median 22.9 24.2 0.23
Range 8.3–115.5 7.5–124.7

NAC regimen

ACF 40 (26.1%) 56 (33.7%) 0.14
DCF 113 (73.9%) 110 (66.3%)

Number of dissected LNs
Median (range) 56 (14–154) 61 (21–185) 0.053
0–2 92 (60.1%) 70 (42.2%) 0.001

3–4 61 (39.9%) 96 (57.8%)
ypN
0–1 135 (88.2%) 73 (44.0%) <0.001
2–3 18 (11.8%) 93 (56.0%)

Number of pN

Median (range) 0 (0–12) 3 (1–40) <0.001
ypM
0 146 (95.4%) 134 (80.7%) <0.001
1 7 (4.6%) 32 (19.3%)

Lymphatic invasionz

Negative 67 (46.9%) 27 (17.2%) <0.001
Positive 76 (53.1%) 130 (82.8%)

Vascular invasionz

Negative 106 (74.1%) 92 (58.6%) 0.005
Positive Clinical

response of PT§
37 (25.9%) 65 (41.4%)

Responder 115 (75.2%) 106 (63.9%) 0.029
Nonresponder Pathological
PT regression gradejj

38 (24.8%) 60 (36.1%)

Responder 55 (35.9%) 18 (10.8%) <0.001
Nonresponder 98 (64.1%) 148 (89.2%)

�Defined as total LN regression grade of III or IV.
yDefined as total LN regression grade of I or II.
zUnknown in 19 patients.
§Responder was defined as complete or partial response, and nonresponder as stable

or progressive disease.
jjResponder was defined as grade III or IV, and nonresponder as grade I or II.
ACF indicates adriamycin, cisplatin, and 5-fluorouracil; DCF, docetaxel, cisplatin,

and 5-fluorouracil; Lt, lower thoracic esophagus including esophagogastric junction; Mt,
middle thoracic esophagus; NAC, neoadjuvant chemotherapy; PT, primary tumor; SCC,
squamous cell carcinoma; Ut, upper thoracic esophagus.
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responders/LNs-responders, and 26.1% for PT-nonresponders/ LNs-
nonresponders (Fig. 3E). To further investigate the impact of
pathological LN findings on survival, we divided the patients into
4 groups based on total LN regression grade and ypN status. The 5-
year RFS rates were 67.9% among ypN0-1/LNs-responders, 39.0%
among ypN0-1/LNs-nonresponders, 55.6% among ypN2-3/LNs-
responders, and 16.3% among ypN2-3/LNs-nonresponders (Sup-
plementary Fig. S3A, http://links.lww.com/SLA/C380). We evalu-
ated the relationship of survival impact between total LN regression
grade and Union for International Cancer Control pTNM staging
system, specifically in pStage II-III diseases. Notably, patients with
pStage III disease and LN response had similar or even better 5-
year RFS rates compared to patients with pStage II disease who
were LN nonresponders (54.2 vs 43.5%, P ¼ 0.62) (Supplementary
Fig. S3B, http://links.lww.com/SLA/C380).

Among the 319 patients, 151 (47.3%) exhibited recurrences
within 5 years after surgery. Figure 4 shows the Kaplan-Meier curves
of cumulative recurrences in the 319 patients according to PT and
total LN regression grade. Compared with nonresponders, respond-
ers in terms of PT regression grade showed significantly lower rates
of hematogenous recurrences (29.7% vs 10.7%, P¼ 0.004; Fig. 4A),
lymphatic recurrences (45.8% vs 21.8%, P < 0.001; Fig. 4B), and
local or dissemination recurrences (14.7% vs 3.1%, P ¼ 0.019;
Fig. 4C). Similarly, compared to nonresponders, the responders in
terms of total LN regression grade showed significantly lower rates
of hematogenous recurrences (37.9% vs 13.5%, P< 0.001; Fig. 4A),
lymphatic recurrences (60.2% vs 20.8%, P < 0.001; Fig. 4B), and
local or dissemination recurrences (19.8% vs 4.8%, P < 0.001;
Fig. 4C). Notably, these differences were more prominent between
groups defined by total LN regression grade than by PT regression
grade.

DISCUSSION

In the present study, we aimed to test a novel system for
evaluating the pathological LN response to NAC among EC patients.
We performed pathological assessment of all metastatic LNs with
and without tumor regression, and nonmetastatic LNs with previous
tumor involvement, to determine a total LN regression grade. Among
our patients, 23%were PT responders, 48%were responders in terms
of total LN regression grade, and 60% showed discordance between
the PT and LN regression grades. Total LN regression grade signifi-
cantly correlated with the number of cN-positive LNs, ypTNM
categories, lymphovascular invasion, clinical PT response, and path-
ological PT regression grade. Moreover, the total LN regression
grade, but not pathological PT regression grade, was an independent
risk factor for poor RFS. Compared to nonresponders, responders in
terms of total LN regression grade exhibited significantly lower rates
of hematogenous, lymphatic, and local or dissemination recurrences,
and these differences were more prominent than those based on PT
response. This study was the first to evaluate total pathological LN
response to NAC, and its clinical utility for predicting long-term
outcomes, in a large series of EC patients with uniform clinical
background.

Intriguingly, our results demonstrated that LN regression
grade was a better prognostic factor than PT regression grade. This
is consistent with our previous findings that LN clinical response was
a better prognostic factor for survival than the PT clinical response.13

Two other studies have evaluated pathological LN regression fol-
lowing NAC—one including 256 esophageal adenocarcinoma
patients and the other including 110 esophageal squamous cell
carcinoma patients—and also demonstrated that LN regression grade
was a better prognostic factor for survival than PT regression
grade.27,28 In our present study, 60% of patients showed discordance
between the PT and LN pathological regression grades, implying the
www.annalsofsurgery.com | 1125
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FIGURE 3. Kaplan-Meier recurrence-free survival (RFS) for all 371 patients according to (A) the primary tumor (PT) regression
grade, (B) nonresponders and responders in terms of PT regression grade, (C) total lymph node (LN) regression grade, and (D)
nonresponders and responders in terms of total LN regression grade. (E) Kaplan-Meier RFS for 319 patients with clinically positive
LNs classified into 4 groups based on total LN regression grade along with PT regression grade. NR indicates nonresponders;R,
responders.

Hagi et al Annals of Surgery � Volume 275, Number 6, June 2022
clinical importance of evaluating the response to NAC in both the PT
and LNs. Notably, 48.0% of patients exhibited a better response in
LNs than PT, whereas only 11.9% showed a better response in PT
compared with LNs. This finding could be explained by difference in
biological behaviors between PT and LNs, which may influence the
therapeutic effects of NAC, possibly in association with tumor size,
drug delivery, or immunological microenvironment.31 One of the
independent prognostic parameters analyzed in our study, pN status,
has reportedly shown stronger association with prognosis compared
with pT status.8,9 Thus, a combination of ypN status and LN
regression grade, indicating the pathological findings of LNs, may
be a good indicator for predicting prognosis. Moreover, given that the
present LN regression grade further subclassified survival of pStage
II-III cases, integration of LN regression grade and pTNM staging
might enable more accurate stratification of patient survival, and thus
improvement of the indications for adjuvant chemotherapy among
EC patients undergoing NAC plus surgery.

A previous study demonstrated greater interobserver agree-
ment with the Becker system compared to the Mandard system when
evaluating PT of esophageal adenocarcinoma.32 Thus, here we used
the Becker system to evaluate the therapeutic effect of NAC on LNs.
This system refers to the area of viable tumor and the tumor bed area,
and is thus convenient to use in cases of multiple metastatic LNs. In
the present study, we validated the grading system by using the
software to calculate the sum of the LN area. This revealed high
concordance between the gradings conducted by pathologists and the
1126 | www.annalsofsurgery.com
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results achieved with the software, even for cases involving large
numbers of metastatic LNs. Recent decades have seen rapid devel-
opment of artificial intelligence technology in the field of digital
pathology,33 which could help in the evaluation of LN responses
using our grading system. Overall, our present system might be
reliable with a promising future.

When determining the LN regression grade, the heterogene-
ity of LN responses within a case becomes an important issue. We
found that approximately 40% of cases exhibited a mixed pattern of
LN regression (Categories 2–4 in Fig. 2A), suggesting that
response grading should include consideration of heterogeneity.
Thus, we determined the total LN regression grade to reflect the
pathological response of all LNs with present or previous tumor
involvement (cN positive before NAC), using the summed viable
tumor area and whole tumor bed area. This system enabled evalua-
tion of the real proportion of regression area among all metastatic
LNs. In a previous study, Davies et al. determined the best response
grade of metastatic LNs for cases exhibiting a mixed pattern of LN
responses,27 which did not reflect the trend of the whole tumor
feature and, thus, could lead to overestimation of tumor response. In
another study, Kadota et al calculated the proportion of LNs
showing regression among all clinically positive LNs, and catego-
rized patients with �50% as responders and those with <50% as
nonresponders.28 Although this system seemed to reflect the
response of all cN-positive LNs, it did not account for the area
of all metastatic LNs. In our preliminary study, we investigated the
# 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Univariate and Multivariate Analysis of Recurrence-free Survival

Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (yr)
<65 1.13 (0.83–1.54) 0.44
�65 1

Sex
Male 1.01 (0.65–1.57) 0.95
Female 1

Location
Ut 1 0.97
Mt/Lt 1.01 (0.69–1.47)

Histological differentiation (SCC)
Well/mod 1
Poor 1.21 (0.77–1.92) 0.41

NAC regimen
ACF 1.04 (0.75–1.43) 0.83
DCF 1

ypT
0–2 1 <0.001 1 0.005
3–4 2.20 (1.62–2.99) 1.65 (1.16–2.33)

ypN
0–1 1 <0.001 1 0.004
2–3 2.62 (1.94–3.54) 1.62 (1.16–2.26)

Clinical response of PT�

Responders 1 0.006 1 0.54
Nonresponders 1.55 (1.14–2.11) 1.11 (0.79–1.56)

Pathological PT regression gradey

Responders 1 <0.001 1 0.67
Nonresponders 2.12 (1.40–3.23) 1.10 (0.69–1.76)

Total LN regression gradey

Responders 1 <0.001 1 <0.001
Nonresponders 3.04 (2.20–4.20) 2.25 (1.56–3.24)

�Responder was defined as complete or partial response, and nonresponder as stable or progressive disease.
yResponder was defined as grade III and IV, and nonresponder as grade I and II.
ACF indicates adriamycin, cisplatin, and 5-fluorouracil; CI, confidence interval; DCF, docetaxel, cisplatin, and 5-fluorouracil; HR, hazard ratio; LN, lymph node; Lt, lower thorax

including esophagogastric junction; Mt, middle thorax; NAC, neoadjuvant chemotherapy; PT, primary tumor; SCC, squamous cell carcinoma; Ut, upper thorax.
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relationship between survival and these previously reported grading
systems, and we found that the total LN regression grade exhibited
the best correlation with survival (data not shown). Meanwhile, a
previous study reported that a small number of dissected LNs was
associated with poor survival among patients with EC who under-
went preoperative CRT or no preoperative treatment.34,35 However,
in these studies, the cut-off value for the number of dissected LNs
was �20, as opposed to the median number of 57 dissected LNs in
our present study (only 4 patients had �20 dissected LNs; data not
shown), suggesting that the number of dissected LNs in our study
was sufficient to support our conclusions.

Our study has several limitations. First, this study had a
retrospective design and was performed at a single institution.
However, because we collected the data from consecutive NAC
patients with EC, and all patients received the same treatment
strategy, we believe that selection bias was minimized. Second, it
is sometimes challenging to determine the tumor bed area in LNs,
especially with a very small area of fibrotic changes, due to limited
information. Thus, chronic inflammatory changes could be mistaken
for therapeutic changes, leading to overestimation of cN-positive
LNs with complete response to NAC (grade IV). Therefore, we
investigated the relationship between LN regression grade and the
LN sizes before NAC, and found no differences in the initial LN sizes
among the 4 categories of LN regression grades (Supplementary Fig.
S2, http://links.lww.com/SLA/C379). Moreover, we identified no
# 2020 Wolters Kluwer Health, Inc. All rights reserved.
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correlation between LN regression grade and the number of LNs
with a tumor bed diameter of <500mm (data not shown). These
findings suggested a low possibility that cN positivity was overesti-
mation in this study. Third, in this study, LN regression grade was
evaluated based on only 1 sectioned surface of the LN. In breast
cancer, sentinel LNs are entirely sectioned and immunostained to
detect micrometastasis.36,37 Our method of evaluating LN regression
may have led to overestimation of pathological complete response
(grade IV). Finally, this study included only patients who had
received NAC using ACF or DCF. The optimized categorization
of pathological response evaluation in both PT and LNs, or the
difference of recurrence patterns, may change with different chemo-
therapeutic regimens or CRT. Further studies are needed to investi-
gate this point.

In conclusion, here we demonstrated a novel system for
grading pathological LN response, integrating all metastatic LNs
with present or previous tumor involvement, among a large series of
EC patients who underwent NAC plus surgery. This system showed
a greater association with long-term survival and recurrence pattern
compared to evaluating PT response, which is a conventional
method of pathological response evaluation. Although these find-
ings should be validated in a prospective study of a larger scale, the
present information might contribute to optimizing treatment strat-
egies, and to eventually improving survival in patients with
metastatic EC.
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FIGURE 4. Kaplan-Meier cumulative recurrences, including (A) hematogenous recurrence, (B) lymphatic recurrence, and (C) local
or dissemination recurrence, among 319 patients with clinically positive lymph nodes (LNs), according to primary tumor (PT)
regression grade and total LN regression grade. NR indicates nonresponders; R, responders.
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