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ABSTRACT

Objectives: Neoadjuvant chemoradiation has been shown to improve survival in
locally advanced esophageal and gastroesophageal junction cancer. The purpose
of our study was to examine the effects of posttreatment persistent lymph node
(LN) disease on overall survival (OS) and recurrence in patients with esophageal
adenocarcinoma after neoadjuvant chemoradiation as well as the effect of LN har-
vest and the potential benefit of adjuvant chemotherapy.

Methods: The records of patients who underwent esophagectomy in our hospital
from January 2005 until December 2016 were analyzed. Our study group consisted
of 509 patients.

Results: Patient groups were created based on pathologic staging after esophagec-
tomy (ypT N) as 22.0% of patients were ypT0 N0, 46.2% had incomplete response
only at the primary tumor level (ypT þ N0), and 31.8% had at least 1 metastatic
lymph node (ypTx Nþ). Median OS was 58.3 months. The ypTx Nþ group was
divided into ypTx N1 and ypTx N2 or N3 subgroups based on the number of meta-
static lymph nodes. The OS between the 2 groups was not significantly different
(median OS, 37.6 vs 29.8 months; P ¼ .097). The disease-free survival did show a
statistically significant difference (median disease-free survival, 27.6 vs 13.7 months;
P ¼ .007). The LN harvest was not found to be significantly associated with OS.
However, administration of adjuvant chemotherapy was a significant prognosti-
cator for increased OS (hazard ratio, 0.590; P ¼ .043).

Conclusions: Our results demonstrate that residual LN disease after neoadjuvant
chemoradiation is associated with increased mortality. Adjuvant chemotherapy,
but not number of LNs resected, was correlated with increased OS in this subset
of patients. (JTCVS Open 2021;5:135-47)
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Overall survival was significantly higher in patients
who received adjuvant treatment.
CENTRAL MESSAGE

Adjuvant chemotherapy, but not
number of lymph nodes re-
sected, is associated with
increased overall survival in pa-
tients with residual lymph node
disease.
PERSPECTIVE
Node-positive patients with distal esophageal
adenocarcinoma after neoadjuvant chemoradia-
tion had decreased survival and potentially
disseminated disease. The extent of lymphade-
nectomy did not have an effect on survival. Adju-
vant treatment was associated with increased
overall survival and should be considered in pa-
tients with residual lymph node disease.

See Commentaries on pages 148 and 150.
The role of neoadjuvant chemoradiation (nCRT) in
improving survival for patients with locally advanced
esophageal and gastroesophageal junction cancer has been
well documented.1,2 The complete pathologic response
(CR) rates following neoadjuvant treatment has been re-
ported as high as 53%, with lower rates in patients with
adenocarcinoma (AC) versus squamous cell cancer
(SCC).3 A complete pathologic response is associated
with improved long-term survival.4 However, a significant
percentage of patients have either partial response of the
primary tumor, residual lymph node (LN) metastases, or
both.
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Abbreviations and Acronyms
AC ¼ adenocarcinoma
CR ¼ complete pathologic response
CT ¼ computed tomography
DFS ¼ disease free survival
LN ¼ lymph node
NCDB ¼ National Cancer Database
nCRT ¼ neoadjuvant chemoradiation
OS ¼ overall survival
SCC ¼ squamous cell carcinoma
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LN metastasis is associated with a poor prognosis in
esophageal cancer. Rice and colleagues showed that in pa-
tients after esophagectomy without nCRT, the increasing
number of positive nodes and increasing pN classification
were associated with deeper invading, longer, and poorly
differentiated cancers.5 The National Comprehensive
Cancer Network guidelines recommend the resection of at
least 15 LNs in esophagectomies without nCRT to ensure
appropriate staging.6 In cases of nCRT, there is no clear
recommendation regarding the extent of LN dissection.
The extent of lymphadenectomy required at the time of sur-
gery and its effect on overall prognosis is not uniformly
embraced.7-9 This becomes more controversial if one
considers AC and SCC as 2 different biologic entities
based on their different response to nCRT. Studies
regarding the extent of lymphadenectomy recommended
for AC and SCC are also conflicting.10,11

The role of adjuvant treatment in postresection node-
positive patients also remains unclear. The National
Comprehensive Cancer Network guidelines recommend
surveillance until disease progression for patients with AC
or SCC after complete resection following nCRT regardless
of their nodal status.6 However, recent studies have demon-
strated survival benefit of adjuvant treatment for patients
with persistent positive LNs after induction therapy and
surgery.12,13

The purpose of our study was to examine the effects of
posttreatment persistent LN disease on overall survival
(OS) and recurrence in patients with distal esophageal AC
after nCRT as well as the potential benefit of adjuvant
chemotherapy. We also hypothesized that for these patients,
it is the adjuvant treatment that can have a potentially
beneficial influence on OS and not the extent of
lymphadenectomy.
METHODS
The work described was conducted with institutional review board

approval (No. 2015P000752; April 2015). The institutional review board

waived the need for informed written consent for publication. The records

of patients who underwent esophagectomy (883 patients) at the Brigham

and Women’s Hospital from January 2005 until December 2016 were

analyzed. We applied the following inclusion and exclusion criteria: only
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patients with distal AC (752 patients), post-nCRT (587 patients), R0

resections (553 patients), without metastatic disease at the time of surgery

(547 patients), esophagectomies within 4 to 8 weeks after nCRT, and

>90-day survival (517 patients).14 Files were retrieved and continued

follow-up was confirmed for 509 patients who were included in our study.

The preoperative staging included computed tomography (CT) of the

chest/abdomen, and a positron-emission tomography scan and/or

endoscopic ultrasound in most cases. The administration of nCRT was

according to the Chemoradiotherapy for Esophageal Cancer Followed by

Surgery Study protocol or with a combination of fluorouracil/cisplatin

and radiation dose was between 41.4 and 50.4 Gy. Following nCRT, repeat

positron-emission tomography was performed to exclude metastatic

disease. Two types of esophagectomies were performed: the Ivor Lewis

and 3-hole esophagectomies (modified McKeown15). The surgical

approach was minimally invasive, open, or hybrid. The abdominal part

was performed either open or laparoscopically, and the thoracic part

open, thoracoscopically, or robotic-assisted.

Patients were assigned to 3 different cohorts based on pathological

examination of the esophagectomy specimens. The American Joint

Committee on Cancer eighth edition was used for the TNM classification.

Group I had no viable tumor cells in the esophagus or LNs (ypT0 N0) and

were defined as CR. Group II had residual primary tumor without evidence

of LNmetastases (ypTþN0). Group III had residual LN disease regardless

of the primary tumor response (ypTxNþ). The latter group was subdivided

based on the number of metastatic lymph nodes into 2 groups: ypTx N1

(with 1-2 positive LNs) and ypTx N2 or N3 (with>3 positive LNs).

Variables analyzed included demographic characteristics, tumor

location defined as upper (cervical esophagus to azygos), middle (azygos

to lower border of inferior pulmonary vein), and lower (including

gastroesophageal junction tumors), type of surgery and approach,

pretreatment clinical T and N stages, number of LNs retrieved, ratio

between positive LNs to total number of LNs retrieved (LN ratio) with

break point set at 0.21,14,16 perineural invasion, presence of lymphovascular

and venous invasion, presence of signet ring cells, locoregional and distant

metastases, and administration of adjuvant treatment. Patients, who only

received palliative chemotherapy after the identification of recurrence,

were included in the group of patients without adjuvant chemotherapy.

Following surgery and discharge from the hospital, regular follow-up

visits were scheduled at 2 weeks and 1 month postoperatively. The first

postoperative CT scan was performed at 4 months and then follow-up

continued every 4 to 6 months with CT scans for 2 years. After 2 years,

surveillance was every 6 to 12 months with a clinic visit and CT scan.
STATISTICAL ANALYSIS
Analysis for OS and disease-free survival (DFS) was

performed with Kaplan-Meier curves using the log-rank
test for comparison. Differences in patient characteristics
were estimated by means of the Mann-Whitney U test for
continuous variables not normally distributed, and c2 tests
for categorical variables. OS was calculated from the date
of surgery to the date of death or last follow-up and DFS
from the date of surgery to the date of disease recurrence.
We used medians and 95% confidence interval (CI) for
both OS and DFS. In instances where the estimated survival
probability never reached 50% (ie, there was no result for
the median survival), survival rates with standard errors
were used. We used univariable and multivariable Cox
models for the evaluation of the effect of the risk factors
on both OS and DFS. Variables that were found to be
statistically significant in the univariate models were



TABLE 1. Clinical characteristics of patients undergoing esophagectomy for esophageal adenocarcinoma after neoadjuvant chemoradiation

Variable ypT0 N0 (n ¼ 112 [22.0%]) ypT þ N0 (n ¼ 235 [46.2%]) ypTx Nþ (n ¼ 162 [31.8%]) P value

Age (y) .687

<65 63 (56.3) 129 (54.9) 96 (59.3)

�65 49 (43.8) 106 (45.1) 66 (40.7)

Gender .351

Male 93 (83.0) 208 (88.5) 142 (87.7)

Female 19 (17.0) 27 (11.5) 20 (12.3)

Type of surgery .042

3-hole (modified McKeown) 59 (52.7) 109 (46.4) 61 (37.7)

Ivor Lewis 53 (47.3) 126 (53.6) 101 (62.3)

Surgical approach .571

Open 22 (19.6) 54 (23.0) 38 (23.5)

MIE 80 (71.4) 149 (63.4) 102 (63.0)

Hybrid 10 (8.9) 32 (13.6) 22 (13.5)

cT .114

T1 7 (6.3) 5 (2.1) 1 (0.6)

T2 24 (21.4) 50 (21.3) 26 (16.0)

T3 64 (57.1) 138 (58.7) 98 (60.5)

T4 1 (0.9) 2 (0.9) 3 (1.9)

n/r 16 (14.3) 40 (17.0) 34 (21.0)

cN .010

N0 28 (25.0) 78 (33.2) 38 (23.5)

N1 59 (52.7) 113 (48.1) 91 (56.2)

N2 13 (11.6) 15 (6.4) 17 (10.5)

N3 3 (2.7) 0 0

n/r 9 (8.0) 29 (12.3) 16 (9.9)

Clinical stage .002

I 7 (6.3) 4 (1.7) 1 (0.6)

II 39 (34.8) 105 (44.7) 47 (29.0)

III 46 (41.1) 83 (35.3) 77 (47.5)

IVA 4 (3.6) 2 (0.9) 3 (1.9)

n/r 16 (14.3) 41 (17.4) 34 (21.0)

LNs removed .456

<15 33 (29.5) 73 (31.0) 41 (25.3)

�15 79 (70.5) 162 (73.0) 121 (74.7)

Perineural invasion <.0001

Present 0 33 (14.0) 50 (30.9)

Absent 107 (100.0) 202 (86.0) 112 (69.1)

Lymphovascular invasion <.0001

Present 1 (0.9) 28 (11.9) 58 (36.0)

Absent 106 (99.1) 207 (88.1) 103 (64.0)

Venous invasion .010

Present 0 9 (3.9) 12 (7.6)

Absent 107 (100.0) 224 (96.1) 146 (92.4)

Signet ring cells .113

Present 8 (7.1) 32 (13.6) 25 (15.4)

Absent 104 (92.9) 203 (86.4) 137 (84.6)

Locoregional recurrence <.0001

Present 8 (7.1) 36 (15.3) 40 (24.7)

Absent 104 (92.9) 199 (84.7) 122 (75.3)

Distant recurrence .001

Present 25 (22.3) 83 (35.3) 72 (44.4)

Absent 87 (77.7) 152 (64.7) 90 (55.6)

Values are presented as n (%). ypT0 N0, Complete pathologic response; ypT þ N0, residual primary tumor, but no metastatic lymph nodes; ypTx Nþ, residual lymph nodes

regardless of primary tumor; MIE, minimally invasive esophagectomy; cT, clinical T status; n/r, no record; cN, clinical N status; LN, lymph nodes.
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FIGURE 1. Patients with esophageal adenocarcinoma undergoing esophagectomy after neoadjuvant chemoradiation according to pathologic response of

primary tumor and lymph nodes. A, Overall survival. B, Disease-free survival. ypT0 N0, Complete pathologic response; ypTþ N0, residual primary tumor,

but no metastatic lymph nodes; ypTx Nþ, residual lymph nodes regardless of primary tumor.
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included in the corresponding multivariable. Results were
expressed as hazards ratios (HRs) with 95% CIs. All
analyses were performed using R version 3.6.0
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Median follow-up after surgery was 60.0 months (95%

CI, 55.1-63.7 months), and 112 (22.0%) patients were
noted to have pathological CR (Group I), whereas 235
(46.2%) patients were ypT þ N0 (Group II), and 162
(31.8%) patients had residual cancer in their LN (Group
III). The Ivor Lewis approach was performed in 280
(55.0%) patients and 3-hole esophagectomy in 229
(45.0%) patients. A minimally invasive approach was
utilized in 331 (65.0%) of cases. The 3 groups showed
significant differences in the type of surgery, clinical N
status, and clinical stage, perineural, venous and
lymphovascular invasion, as well as the locoregional and
distant recurrence status (Table 1).

Survival
Median OSwas 58.3months (95%CI, 49.3-86.8 months).

Three-year OS of ypT0 N0, ypTþN0 and ypTx Nþ patients
was 77.47% � 4.2%, 62.2% � 3.3%, and 46.7% � 4.4%,
respectively. Five-year OS of ypT0 N0, ypTþ N0, and ypTx
Nþ were 67.5% � 5.1%, 50.2% � 3.7%, and
33.7% � 4.5%, respectively (all pairwise log-rank test
P values< .01) (Figure 1, A). Three-year DFS of ypT0 N0,
138 JTCVS Open c March 2021
ypT þ N0, and ypTx Nþ patients was 73.3% � 4.3%,
53.4% � 3.4%, and 34.7% � 4.1%, respectively.
Five-year DFS of ypT0 N0, ypT þ N0, and ypTx Nþ was
71.7% � 4.4%, 47.9% � 3.6%, and 27.7% � 4.2%,
respectively (all pairwise log-rank test P values < .01)
(Figure 1, B).

The ypTx Nþ group was divided into 2 subgroups ypTx
N1 and ypTx N2 or N3 based on the number of metastatic
lymph nodes. The median OS for group ypTx N1 was
37.6 months, whereas for group ypTx N2 or N3 was
29.8 months. The difference in OS was not statistically
significant (P ¼ .097) (Figure 2, A). On the other hand,
the DFS was significantly higher in the ypTx N1 versus
the ypTx N2 or N3 group (P ¼ .007) (Figure 2, B). The
median DFS was 27.6 and 13.7 months for the 2 groups,
respectively.
LN Harvest
Fifteen or more LNs were resected in 372 (71.1%)

patients (range, 2-75 LNs). Only 5 patients (0.9%) in the
total cohort and only 1 of 162 (0.6%) patients with residual
LN disease had<5 LNs retrieved. We divided our 12-year
study period into 2 6-year periods (first and second) and
compared the median numbers of LNs retrieved per period.
Themedian number of LNs in the first period was 16 (range,
2-40 LNs) and was statistically lower compared with that in
the second period, where the median number was 19 LNs
(range, 4-75 LNs) (P ¼ .001).
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FIGURE 2. Survival curves in patients with esophageal adenocarcinoma with residual lymph node disease after neoadjuvant chemoradiation and

esophagectomy, regardless of the pathological response of primary tumor. (The x-axis for survival in years was cut at the time point when<10 patients

were at risk.). A, Overall survival. The median overall survival of ypTx N1 and ypTx N2 or N3 patients was 37.6 months (95% confidence interval,

29.2-61.8 months) and 29.8 months (95% confidence interval, 20.9-41.2 months), respectively. B, Disease-free survival. The median disease free survival

of ypTx N1 and ypTx N2 or N3 patients was 27.6 months (95% confidence interval, 15.1-39.3 months) and 13.7 months (95% confidence interval,

10.4-24.6 months), respectively. ypTx Nþ, Residual lymph nodes regardless of primary tumor.
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We also compared OS in patients with 15 or more LNs
resected and those with fewer LNs removed. The median
OS was 68.6 months for patients with 15 or more LNs
retrieved, higher compared with 46.8 months for those
with fewer LNs. However, the difference in OS did not
reach statistical significance (P ¼ .085) (Figure 3, A).
Similar results were demonstrated in the subgroup analysis
of patients with residual LN disease, with no significant
difference in OS demonstrated between patients with 15
or more LNs resected (120 out of 162 patients [74.1%])
and those with fewer (42 patients [25.9%]) (P ¼ .470)
(Figure 3, B). We also examined whether a more extended
lymphadenectomy would be beneficial for OS in patients
with residual LNs. The median OS in patients with 21 or
more LNs resected (62 out of 162 patients [38.3%]) was
29.9 months, similar to 34.2 months for patients with fewer
than 21 LNs removed (100 patients [61.7%]). No signifi-
cant difference in OS was demonstrated in patients with
21 or more LNs resected versus fewer LNs (P ¼ .670).

Adjuvant Treatment
In patients with residual LNs who either received or not

adjuvant chemotherapy, there were no differences in age,
gender, type of surgery, surgical approach, clinical stage,
perineural, lymphovascular or venous invasion, and the
presence of locoregional recurrence (Table 2). Both
groups were more likely to have distant compared with
locoregional recurrence. In particular, in the group without
adjuvant treatment the rates for locoregional and distant
recurrence were 24 out of 108 (22.2%) and 52 out of 108
(48.1%), respectively, and in the group with adjuvant
treatment the rates were 13 out of 46 (28.3%) and 17 out
of 46 (37.0%), respectively. Nine patients who did not
receive adjuvant treatment had simultaneous locoregional
and distant metastases at the diagnosis of recurrence and
2 patients in the group that received adjuvant treatment.
The group with administration of adjuvant treatment was
found to have significantly higher ypTNM stage, compared
with the group without adjuvant treatment. In particular, 32
out of 46 (69.6%) patients had stage IIIB and 9 (19.6%) had
stage IVA, compared with 61 out 108 (56.5%) and 9 out of
108 (8.3%), respectively. Furthermore, patients who
received adjuvant treatment had higher percentage of both
grade 3 differentiation (33 out of 46 patients [71.7%])
and LN ratio>0.2 (17 out of 46 patients [37.0%]) compared
with patients without adjuvant treatment (58 out of 108
patients [53.7%] and 22 out of 108 patients [20.4%],
respectively).
JTCVS Open c Volume 5, Number C 139
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FIGURE 3. Survival curves based on the number of lymph nodes (LNs) resected. (The x-axis for survival in years was cut at the time point when

<10 patients were at risk.). A, Overall survival in patients with 15 or more lymph nodes resected after neoadjuvant chemoradiation and esophagectomy

for distal esophageal adenocarcinoma was not significantly different compared with patients with fewer lymph nodes removed (P ¼ .085). B, In patients

with residual lymph node disease, harvest of 15 or more lymph nodes was not associated with significantly different survival compared with fewer lymph

nodes (P ¼ .470). C, In patients with residual lymph node disease, more extensive lymphadenectomy of 21 or more lymph nodes was not associated with

significantly different overall survival compared with fewer lymph nodes (P ¼ .670).
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In regard to survival, the median OS in patients who
received adjuvant treatment was 43.4 months, higher
compared with 29.8 months in patients without adjuvant
treatment. OS was found to be significantly higher in the
140 JTCVS Open c March 2021
patients receiving adjuvant treatment (P ¼ .037). The
median DFS was 25.9 months in the group with adjuvant
treatment compared to 15.1 months for the group without
adjuvant treatment. The difference in DFS did not reach



TABLE 2. Clinical characteristics of 162 patients with residual lymph node disease, based on administration or not of adjuvant chemotherapy

Variable

No adjuvant chemotherapy

(n ¼ 108 [66.7%])

Adjuvant chemotherapy

(n ¼ 46 [28.4%]) P value

Missing data

(n ¼ 8 [4.9%])

Age (y) .406

<65 61 (56.5) 30 (65.2) 6 (75)

�65 47 (43.5) 16 (34.8) 2 (25)

Gender .946

Male 96 (88.9) 40 (87.0) 7 (87.5)

Female 12 (11.1) 6 (13.0) 1 (12.5)

Type of surgery .305

3-hole 44 (40.7) 14 (30.4) 5 (62.5)

Ivor Lewis 64 (59.3) 32 (69.6) 3 (37.5)

Surgical approach .578

Open 25 (23.1) 12 (65.2) 4 (50.0)

MIE 67 (62.0) 30 (26.1) 3 (37.5)

Hybrid 16 (14.8) 4 (8.7) 1 (12.5)

cT .495

T1 0 1 (2.2) 0

T2 18 (16.7) 7 (15.2) 1 (12.5)

T3 66 (61.1) 28 (60.9) 5 (67.5)

T4 2 (1.9) 1 (2.2) 0

n/r 22 (20.4) 9 (19.6) 2 (25.0)

cN .497

N0 23 (21.3) 14 (30.4) 0

N1 64 (59.3) 24 (52.2) 5 (67.5)

N2 10 (9.3) 4 (8.7) 2 (25.0)

N3 0 0 0

n/r 11 (10.2) 4 (8.7) 1 (12.5)

Clinical stage .435

I 0 1 (2.2) 0

II 31 (28.7) 15 (32.6) 0

III 53 (49.1) 20 (43.5) 6 (75.0)

IVA 2 (1.9) 1 (2.2) 0

n/r 22 (20.4) 9 (19.6) 2 (25.0)

ypT .011

T0 1 (0.9) 2 (4.3) 0

T1 16 (14.8) 2 (4.3) 0

T2 28 (25.9) 4 (8.7) 1 (12.5)

T3 62 (57.4) 38 (82.6) 7 (87.5)

T4 1 (0.9) 0 0

ypN .091

N1 70 (64.8) 23 (50.0) 1 (12.5)

N2 29 (26.9) 14 (30.4) 5 (62.5)

N3 9 (8.3) 9 (19.6) 2 (25.0)

ypTNM stage .004

IIIA 38 (35.2) 5 (10.9) 1 (12.5)

IIIB 61 (56.5) 32 (69.6) 5 (62.5)

IVA 9 (8.3) 9 (19.6) 2 (25.0)

LNs removed .043

<15 23 (21.3) 17 (37.0) 2 (25.0)

�15 85 (78.7) 29 (63.0) 6 (75.0)

LN ratio .050

�0.2 86 (79.6) 29 (63.0) 4 (50.0)

>0.2 22 (20.4) 17 (37.0) 4 (50.0)

(Continued)
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TABLE 2. Continued

Variable

No adjuvant chemotherapy

(n ¼ 108 [66.7%])

Adjuvant chemotherapy

(n ¼ 46 [28.4%]) P value

Missing data

(n ¼ 8 [4.9%])

Grade .015

1 4 (3.7) 3 (6.5) 0

2 43 (39.8) 7 (15.2) 3 (37.5)

3 58 (53.7) 33 (71.7) 5 (62.5)

n/r 3 (2.8) 3 (6.5) 0

Perineural invasion .148

Present 28 (25.9) 18 (39.1) 5 (62.5)

Absent 80 (74.1) 28 (60.9) 3 (37.5)

Lymphovascular invasion .884

Present 33 (30.6) 15 (32.6) 2 (25.0)

Absent 75 (69.4) 31 (67.4) 6 (75.0)

Signet ring cells .976

Present 19 (17.6) 8 (17.4) 0

Absent 89 (82.4) 38 (82.6) 8 (100.0)

Venous invasion .673

Present 6 (3.3) 4 (9.1) 2 (25.0)

Absent 102 (96.7) 40 (90.9) 6 (75.0)

Site of recurrence .377

No recurrence 41 (38.0) 18 (39.1) 2 (25.0)

Distant 43 (39.8) 15 (32.6) 2 (25.0)

Locoregional 15 (13.9) 11 (23.9) 1 (12.5)

Both distant and locoregional 9 (8.3) 2 (4.3) 3 (37.5)

Values are presented as n (%). MIE, Minimally invasive esophagectomy; cT, clinical T status; n/r, no record; cN, clinical N status; LN, lymph nodes.
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statistical significance (P¼ .170). We further analyzed DFS
in ypTx N1 and ypTx N2 or N3 patients separately. The
analysis was restricted to 2 years because after that time
point<10 patients were at risk. We found that the DFS in
ypTx N1 patients was similar between those who did or
did not receive adjuvant treatment (P ¼ .490). However,
in ypTx N2or N3 patients, the median DFS for those who
received adjuvant treatment was 24.6 months, higher
compared with 10.9 months for patients without adjuvant
treatment. The DFS was found to be statistically significant
in this subset of patients (P ¼ .007) (Figure 4).

Multivariable Analysis
In the multivariable analysis, the presence of locore-

gional and distant recurrence were independent factors for
worse OS in patients with residual LNs (Table 3). On the
other hand, adjuvant treatment was strongly associated
with increased OS in patients with residual LN disease
with HR 0.590 (95% CI, 0.360-0.980). In regard to DFS,
only the presence of venous invasion and a more advanced
ypN stage (N2 or N3) were significant prognosticators for
worse DFS with HR 2.140 (95% CI, 1.090-4.180) and
HR 1.664 (95% CI, 1.117-2.479), respectively (Table 3).

DISCUSSION
Our results showed a 22.0% rate of pathologic CR,

consistent with published reports of the outcomes of
patients with AC after nCRT.2,17 Residual LN disease
142 JTCVS Open c March 2021
regardless of primary tumor response was found in 31.8%
of patients and was associated with significantly worse
OS and DFS compared with patients with CR or with persis-
tent disease only at the primary tumor level (Figure 2). We
also examined the effect of ypT status on OS and DFS in
LNþ patients with residual LNs and ypT was not found to
be an independent prognostic factor in the multivariate
analyses.

Our study further demonstrated that patients with
residual LN disease have higher rates of distant versus lo-
coregional recurrence. The administration of adjuvant treat-
ment had a significant positive prognostic effect on OS. This
finding was consistent with the report by Samson and col-
leagues13 that demonstrated the beneficial role of adjuvant
chemotherapy in OS in LN positive patients. Similar results
were derived by another study, which also showed improved
survival in node positive patients after adjuvant treatment.18

Both of the aforementioned studies were based on the Na-
tional Cancer Database (NCDB) and the rate of patients
receiving adjuvant treatment was 15.3% and 10.7%,
respectively, although only in the former study patients
with positive LNs were included. In our study, the rate of
administration of adjuvant treatment in patients with resid-
ual LN disease was 29.9%. Furthermore, we also showed
that DFS was not significantly different between patients
with or without adjuvant treatment. When examined sepa-
rately based on the number of positive LNs, adjuvant treat-
ment resulted in significantly higher DFS in ypTx N2 or N3
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FIGURE 4. Survival curves based on the administration or not of adjuvant treatment in patients with residual lymph node (LN) disease. (The x-axis for

survival in years was cut at the time point when<10 patients were at risk.). A, Overall survival (OS). The median OS in patients who received adjuvant

treatment was 43.4 months (95% confidence interval [CI], 32.1-62.7 months), higher compared with 29.8 months (95% CI, 26.2-45.2 months) in patients

who did not receive adjuvant treatment. B, Disease-free survival (DFS). The median DFS was 25.9 months (95% CI, 19.8-32.8 months) in the group with

adjuvant treatment and 15.1 months (95% CI, 11.1-21.6 months) in the group without adjuvant treatment. C, DFS. The median DFS in ypTx N1 patients

without adjuvant treatment was 31.2 months (95% CI, 15.1-62.4 months) and 27.6 months (95% CI, 17.2-38.1 months) in those with adjuvant treatment.

D, DFS. The median DFS in ypTx N2 or N3 patients who received adjuvant treatment was 24.6 months (95% CI, 16.3-33.0 months), higher compared with

10.9 months (95% CI, 8.4-13.4 months) for patients without adjuvant treatment.
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TABLE 3. Cox regression analysis for overall and disease-free survival in patients with residual lymph node disease after neoadjuvant

chemoradiation and esophagectomy

Variable

Overall survival

Univariate analysis Multivariate analysis

Hazard ratio

95% confidence interval

P value Hazard ratio

95% confidence interval

P valueLower Upper Lower Upper

Age (y)

�65 Ref

<65 0.674 0.445 1.022 .063

Gender

Male Ref Ref

Female 0.492 0.271 0.895 .020 0.560 0.285 1.099 .092

Type of surgery

Ivor Lewis Ref

Three-hole 1.116 0.735 1.694 .606

Surgical approach

Hybrid Ref

Open 0.782 0.411 1.488 .453

MIE 0.550 0.302 1.002 .051

cT

T1-T2 Ref

T3-T4 0.876 0.493 1.554 .650

cN

cN0 Ref

cN1 1.338 0.794 2.256 .274

cN2 0.975 0.389 2.444 .956

ypT status

ypT0-T2 Ref

ypT3-T4 1.007 0.638 1.590 .975

ypN status

N1 Ref

N2-N3 1.206 0.792 1.836 .383

LNs removed

�15 Ref

<15 1.458 0.940 2.262 .092

Grade

1-2 Ref

3 1.135 0.736 1.750 .568

Perineural invasion

Absent Ref

Present 1.205 0.786 1.847 .392

Lymphovascular invasion

Absent Ref

Present 1.427 0.928 2.194 .105

Signet ring cells

Absent Ref

Present 0.890 0.503 1.573 .687

Venous invasion

Absent Ref Ref

Present 2.096 1.082 4.059 .028 1.020 0.460 2.250 .960

Site of recurrence

No recurrence Ref Ref

Distant 4.605 2.624 8.081 <.0001 4.890 2.680 8.910 <.0001

Locoregional 3.560 1.870 6.782 <.0001 3.600 1.820 7.130 <.0001

(Continued)
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TABLE 3. Continued

Variable

Overall survival

Univariate analysis Multivariate analysis

Hazard ratio

95% confidence interval

P value Hazard ratio

95% confidence interval

P valueLower Upper Lower Upper

Adjuvant chemotherapy

No Ref Ref

Yes 0.588 0.359 0.965 .035 0.590 0.360 0.980 .043

Disease-free survival

Univariate analysis Multivariate analysis

Hazard ratio

95% confidence interval

P value Hazard ratio

95% confidence interval

P valueLower Upper Lower Upper

Age (y)

� 65 Ref

<65 0.972 0.651 1.453 .891

Gender

Male Ref

Female 0.639 0.362 1.129 .123

Type of surgery

Ivor Lewis Ref

Three-hole 0.916 0.612 1.371 .669

Surgical approach

Hybrid Ref

Open 0.691 0.374 1.276 .237

MIE 0.600 0.349 1.031 .064

cT

T1-T2 Ref

T3-T4 1.134 0.636 2.021 .669

cN

cN0 Ref

cN1 1.338 0.822 2.178 .241

cN2 1.161 0.534 2.522 .706

ypT status

ypT0-T2 Ref

ypT3-T4 1.241 0.806 1.911 .327

ypN status

N1 Ref Ref

N2-N3 1.759 1.188 2.604 .004 1.664 1.117 2.479 .014

LNs removed

�15 Ref

<15 1.045 0.665 1.6434 .848

Grade

1-2 Ref

3 1.397 0.911 2.142 .125

Perineural invasion

Absent Ref

Present 1.440 0.962 2.156 .076

Lymphovascular invasion

Absent Ref

Present 1.337 0.888 2.013 .163

Signet ring cells

Absent Ref

Present 0.891 0.522 1.521 .672

(Continued)
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TABLE 3. Continued

Disease-free survival

Univariate analysis Multivariate analysis

Hazard ratio

95% confidence interval

P value Hazard ratio

95% confidence interval

P valueLower Upper Lower Upper

Venous invasion

Absent Ref Ref

Present 2.468 1.275 4.775 .007 2.140 1.090 4.180 .026

Adjuvant chemotherapy

No Ref

Yes 0.696 0.447 1.083 .108

Ref, Reference group; MIE, minimally invasive esophagectomy, cT, clinical T status; cN, clinical N status; LN, lymph nodes.
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patients, but not in ypTx N1. The studies based on the
NCDB do not provide results regarding DFS.

We divided our patients into groups for comparison based
on the ypN status because the number of positive LNs deter-
mines N stage and was hypothesized to be a more crucial
prognosticator than the primary tumor staging. The primary
role of residual nodal status in prognosis compared with
ypT stage was demonstrated in a study based on the
NCDB.19 They reported that ypT0 N1 patients had equiva-
lent survival to T1 or T2 Nþ patients and improved survival
only compared with T3 or T4 Nþ patients. Depyrere and
colleagues3 also showed that ypT0 Nþ behave similarly
to ypTþ Nþ patients without significant differences in
OS and DFS regardless of histology. They subdivided the
2 groups based on the number of positive LNs in N1 and
N2 or N3. There was a discrepancy in the numbers with
11 patients in the ypT0 N1 group, 3 in ypT0 N2 or N3, 55
in ypTþ N1, and 57 patients in the ypTþ N2 or N3, and
they showed significantly worse OS in patients with higher
number of positive LNs in both subgroups (2.7 compared
with 21.7 months in ypT0 Nþ and 16.2 compared with
33.7 months in ypTþ Nþ, respectively). We showed that
between the 2 subgroups ypTx N1 and ypTx N2 or N3, there
was statistically significant difference in DFS, but not in
OS. When compared with the aforementioned results by
Depyrere and collegues3 our study group included only 3
patients with ypT0 Nþ status (vs 14 patients) and 169
patients with ypTþ Nþ status (vs 112 patients).

Our results also demonstrated that the number of LNs
retrieved did not differ significantly among the initial 3
groups of patients. There was also a trend toward higher
LN harvest in more recent years in our practice. However,
no association between the extent of lymphadenectomy
and OSwas identified in thewhole cohort or in the subgroup
analysis. This is consistent with the report by Shridhar and
colleagues20 that did not show an association between
the number of LNs harvested during esophagectomy
following nCRT and OS. Okholm and colleagues19 also
did not demonstrate any significant difference in survival
between a standard and an extended lymphadenectomy
146 JTCVS Open c March 2021
for esophagogastric AC. Instead of the number of LNs
retrieved, the authors used LN stations to assess the extent
of lymphadenectomy. They also reported that metastases
in distant LNs were associated with poor survival and
potentially disseminated disease.20 The above studies align
with an earlier population-based study by van der Schaaf
and colleages,21 which failed to support an association
between extensive lymph node resection and increased
survival in esophageal cancer, but they showed that a higher
LN ratio was associated with significantly negative
influence on OS. The cut-off value for the LN ratio can
vary and in this particular study, 3 groups were created
with LN ratios <0.03, 0.04 to 0.038, and >0.038,
respectively. The HR for OS was highest (3.2) for LN ratio
>0.038.21 In our study, the LN ratio with a cut-off value of
0.2 was not found to be an independent factor for OS or
DFS. The concept and clinical relevance of LN ratio have
been challenged due to confounding factors, such as
lymphadenectomy quality and influence of pathologic
review in regard to LNs examined.22

The limitations of our study include its retrospective
nature, the fact that the cause of death was not always
related to esophageal cancer, and also the lack of all clinical
data for the total of patients included. Nevertheless, the
latter was taken into account during the statistical analysis.
The type of adjuvant chemotherapy regimen was not consis-
tent. Forty-two patients (42 out of 95 [44.2%]) had at least 1
cycle of a chemotherapy regiment mad up of folinic acid,
fluorouracil, and oxaliplatin and 33 patients received more
than 1 regimen (34.7%). Variables, such as intolerance to
treatment, cycles completed, enrolment in clinical trials,
palliative treatment, patient’s wishes, and timing of
administration in relation to surgery were not recorded.

CONCLUSIONS
Important conclusions from our study include further

supporting evidence for the prognostic significance of
residual LN disease after nCRT in esophageal AC and the
strong association with distant recurrence and poor prog-
nosis. Furthermore, there was no statistically significant
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difference in the OS between residual N1 and N2 or N3 sub-
groups, although DFS was better for patients with only N1
disease. Within the limitations of our study, the potential
beneficial role of adjuvant treatment in patients with resid-
ual LN disease was also underlined; however, further
research is required in this respect, especially in the form
of a randomized controlled trial. Our current practice is to
move toward a more individualized approach for patients
with residual LN disease depending on tumor biology and
a patient’s comorbidities.
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