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Abstract

Background: The purpose of this study was to investigate the impact of subcarinal lymph node
dissection on short-term and long-term outcomes after esophagectomy in patients with superficial
esophageal squamous cell carcinoma (ESCC).

Methods: From January 2010 to December 2015, 490 patients with pT1 ESCC were enrolled in the
study. Patients in subcarinal dissection or non-dissection group were matched randomly in a 2:1
ratio, eventually, 255 patients were selected for further statistical analysis.

Results: The metastasis rate of subcarinal lymph nodes in superficial ESCC was 1.24% and
significantly lower than the other stations (7.14-9.96%). Compared with dissection group, non-
dissection group had shorter operation time (19335 vs. 204£39, P=0.016), less blood loss (157148
vs. 178+29, P=0.011) as well as lower incidence of pulmonary complications (9.4 vs. 20%, P=0.032).
At a median follow-up of 46 months, the recurrent rate in each group was similar (16.5 vs. 15.3%,
P=0.809). Survival analysis revealed no overall survival (P=0.992) and disease-free survival (P=0.665)
reductions in non-dissection group. In univariate and multivariate analyses, subcarinal lymph node
dissection was not a predictive factor of overall and disease-free survival in superficial ESCC.

Conclusion: Subcarinal lymph node dissection was not beneficial and could be omitted in
superficial ESCC.
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recurrence, survival

Introduction

Esophageal cancer is one of the most common
malignant tumors, accounting for approximately
455,800 new cases and 400,200 deaths in 2012
worldwide [1], most of which is reported from China.
In China, esophageal squamous cell carcinoma
(ESCC) is the predominant pathological type and
tends to metastasize in a multidirectional fashion
through the extensive submucosal lymphatics, even
when the disease is a superficial lesion. Superficial
esophageal cancer is categorized as intraepithelial
(Tis), mucosal (T1a), or submucosal (T1b) cancer. It is
reported that the incidence of lymph node metastasis

in superficial ESCC ranged from 0 to 50%[2-5] and
multiple regions of lymph nodes from cervix to
abdomen may be involved. Thus, the importance of
radical esophagectomy with 2- or 3-field lymph node
dissection to achieve optimal local control has been
emphasized [6]. However, extensive lymphadenec-
tomy may lead to huge trauma, there is still fierce
debate over the optimal extent of lymphadenectomy
for superficial esophageal cancer.

Subcarinal lymph nodes is regarded as one of
regional node stations for esophageal cancer and is
suggested to be dissected by the 8th edition of the
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American Joint Committee on Cancer (AJCC) Staging
Manual[7] and the 11th edition of the Japanese
Classification of Esophageal Cancer[8, 9]. However,
the metastatic rate of subcarinal nodes in ESCC is
relatively low, no higher than 12.9%[10-12]. What's
more, considering the procedure reportedly increas-
ing pulmonary complications[13], subcarinal node
dissection had better be performed for those at high
risk for metastasis. In recent years, some investigators
proposed that lymph node dissection for some
regions in specific patients can be omitted, such as
common hepatic nodes and splenic nodes[14-16],
however, no literatures have reported the outcomes of
subcarinal node dissection in superficial ESCC. It
remains unclear whether subcarinal node dissection
confers any survival benefit to patients with
superficial ESCC.

This retrospective study was performed to
compare the short-term and long-term outcomes
between the subcarinal nodes dissection group and
non-dissection group and aimed at illustrating the
value of subcarinal node dissection in superficial
ESCC.

Patients and Methods

Patients

From January 2010 to December 2015, 1940
patients with esophageal cancer were performed
esophagectomy at our unit. Among these patients, we
retrospectively reviewed 490 patients diagnosed with
pT1 ESCC without neoadjuvant therapy (Figure. 1).
Preoperative routine examinations including endo-
scopic biopsy, barium meal, computed tomography
(CT) of the chest and abdomen, positron emission
tomography-computed tomography (PET-CT) and
endoscopic ultrasound (EUS), pulmonary function
and blood tests were performed. This study was
approved by the Ethics Committee of our hospital and
complied with the standards of the Declaration of
Helsinki and current ethical guidelines. Informed
consent was obtained from each patient.

Surgery

The surgical approaches included McKeown,
Ivor-Lewis and Sweet procedures. Surgeons made the
personalized operative plan and chose the most
suitable procedure for individuals according to
preoperative evaluation of primary tumor and
potential metastatic lymph node location. Generally,
McKeown procedure was used for upper or middle
esophageal tumors, Ivor-Lewis procedure for middle
or lower tumors and Sweet procedure for lower
tumors. In this cohort of patients, en bloc lymph node
dissection was performed, including the paraesopha-
geal, subcarinal, paratracheal and tracheobronchial,

pulmonary ligament, diaphragmatic, and paracardial,
as well as those located along the lesser gastric
curvature, the origin of the left gastric artery and the
common hepatic artery. If tumors located in the upper
third of esophagus, cervical lymph nodes were also
dissected. Subcarinal node dissection was performed
in patients with swollen nodes located under the
carina, but not performed in patients without swollen
nodes. According to the dissection status of subcarinal
nodes, patients were divided into two groups: sub-
carinal node dissection group (dissection group) and
subcarinal node non-dissection group (non-dissection
group). Pathological staging was recorded according
to the 8th edition of the TNM classification[17].

Follow-up

Follow-up visits were carried out every 3 months
in the first two years and every 6 months in the
following years. Regular follow-up included physical
examination, tumor markers, CT of thorax and
abdomen and neck ultrasonography. Follow-up was
terminated in December 31st, 2016. The median
follow-up time for the entire cohort was 46 months.

Patients with
esophageal cancer

undergoing surgery
(N=1940) -

Exclusion
=——| Neoadjuvant therapy (n=155)

Non-SCC histological types (n=111)
Patients with ESCC
undergoing surgery
without neoadjuvant
therapy (n=1674) J
Exclusion
Non-superficial ESCC (n=1086)
High grade dysplasia (n=98)
| pT1 ESCC (n=490) I

Non-dissection
Group
(n=86)

Dissection Group

(n=404)

[ Propensity score matching (2:1) ]
Group 1 Group 2
(n=170) (n=85)

Figure 1. Flow chart of selection of patients

Study cohort and statistical analysis

The medical records were used to collect
demographic data, tumor factors and hospital course.
The classification of complications was recorded
according to International Consensus of Esophagect-
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omy Complications Consensus Group (ECCG)[18]. To
control for potential differences in the characteristics
of patients between the two groups, nearest neighbor
propensity-score matching based on logistic
regression was applied using a 1:2 ratios according to
8 baseline variables: gender, age, ASA grade, tumor
location, surgical approach, ¢cINM, pT and pN
status[19, 20]. The caliper definition was set at 0.10.
Eventually, 170 cases in dissection group paired with
85 cases in non-dissection group were enrolled in the
cohort, classified as group 1 and group 2, respectively
(Figure 1).

Statistical analyses were performed according to
the intent-to-treat principle. The SPSS 22.0 software
(SPSS Inc, Chicago, Ill) was used for data analysis. The
clinical and pathological parameters were described
as mean * standard eviation for continuous variables
and as frequency (%) for categorical variables.
Categorical variables in any two groups were
compared by x? test or Fisher’s exact test and
continuous variables by Mann-Whitney U test. The
Kaplan-Meier method and log-rank tests were used to
compare the survival. A parameter was included in a
Cox regression model if the p value was <0.1 in the
univariate analysis. All p values were derived from
two-tailed tests. The significance level was set at 0.05.

Results

Prevalence of Subcarinal Lymph Node
Metastasis

In the whole cohort, subcarinal nodes were
dissected in 404 patients, 5 of which have positive
subcarinal nodes. The metastasis rate of subcarinal
nodes was quite low (1.24%) and significantly lower
than the other stations (7.14-9.96%) (Figure. 2). In
these 5 cases, subcarinal node metastasis was
accompanied with synchronous multiregion node
metastases, including nodes along esophagus,
stomach or bilateral recurrent laryngeal nerves.

Operative Features, Complications and
Pathological Data

The demographic data reached a balance after
matching (Table 1). Compared with group 1, group 2
had shorter operation time (193+£35 vs. 204+39,
P=0.016) and less blood loss (157+48 vs. 178+29,
P=0.011) (Table 2). Group 2 had significantly lower
incidence of pulmonary complications than group 1
(9.4 vs. 20%, P=0.032), resulting in the lower rate of
total complications (30.6 vs 41.8%, P=0.083). The
incidence of other complications, such as cardiac
complications, anastomotic leakage and hoarseness
were comparable between the two groups (Table 2).
Regarding the pathological outcomes (Table 2), there

were no differences in RO resection, tumor length,
differentiation, lymphovascular invasion and TNM
stage. The number of dissected lymph nodes was
significantly lower in group 2 than that in group 1
(20.7+8.8 vs. 24.5+9.5, P=0.002).

Recurrence and Survival Analysis

The median follow-up time was 45.5 in group 1
and 47 months in group 2, respectively, which were
similar between two groups (P=0.965). There were no
differences in the total recurrent rate between the
groups (16.5 vs. 15.3%, P=0.809) (Table 3). And
loco-regional, distant or combined recurrence was
also comparable. The 3-year overall survival (OS) rate
of group 1 and 2 was 89.7%, 90.4%, respectively,
correspondingly, the 3-year disease-free survival
(DFS) was 83.5% and 88.5%. The Kaplan-Meier and
log-rank analyses revealed no OS and DFS reduction
of patients in group 2 compared with those in group 1
(P=0.992, P=0.665, respectively) (Figure 3). Subgroup
analyses stratified by pT and pN status were also
performed. In pT1a or pT1b subgroups, the OS curves
and DFS curves between the two groups showed no
significant differences (Figure S1). As for pNO or pN+
subgroup, the OS and DFS were also comparable
(Figure S2). In univariate analysis, pT1lb, pN+ and
lymphovascular invasion were adverse risk factors for
OS and DFS, while subcarinal node dissection
procedure as well as other factors, including age and
surgery, was not associated with survival. A multi-
variate Cox regression model adjusted for statistically
significant prognostic factors showed that pN+ (HR =
3.365, 95% CI: 1.532-7.392, p = 0.003) was an
independent prognostic factor for OS, and pT1b (HR
= 3.222, 95% CI: 1.243-8.353, p = 0.016), pN+ (HR =
3.203, 95% CI: 1.645-6.234, p = 0.001) and lympho-
vascular invasion (HR = 3.185, 95% CI:1.400-7.245, p =
0.006) were independent adverse risk factors for DFS
(Table 4).
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Figure 2. Metastasis rate of each lymph node station (station 1, perigastric;
station 2, paraesophageal; station 3, upper paratracheal/bilateral recurrent
laryngeal nerves (106recR/L); station 4, subcarinal). A chi-square test was used
to compare the metastasis rate of station 4 with other stations. **p < 0.001.
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Table 1. Patients demographic characteristics
Variables Before matching P After matching P
Dissection Group Non-dissection Group Dissection Group (Group1) Non-dissection Group (Group 2)
(n=404) (n=86) (n=170) (n=85)
Age 61.48+7.38 61.70+7.14 0.798 61.50+7.46 61.60+7.16 0.918
Gender 0.991 0.922
Male 291(72.0) 62(66.7) 121(71.2) 61(71.8)
Female 113(28.0) 24(33.3) 49(28.8) 24(28.2)
ASA grade 0.894 0.845
I 206(51.0) 42(48.8) 87(51.2) 41(48.2)
I 177(43.8) 40(46.5) 77(45.3) 40(47.1)
111 21(5.2) 4(47) 6(3.5) 4(47)
Tumor location 0.982 0.813
Upper 30(7.4) 6(7.0) 52(30.6) 23(27.1)
Middle 269(66.6) 57(66.3) 108(63.5) 56(65.9)
Lower 105(26) 23(26.7) 10(5.9) 6(7.0)
Surgery 0.867 0.577
McKeown 240(59.4) 49(57) 93(54.7) 49(57.6)
Ivor-Lewis 53(13.1) 13(15.1) 19(11.2) 12(14.1)
Sweet 111(27.5) 24(27.9) 58(34.1) 24(28.3)
¢TNM 0.794 0.772
I 314(77.7) 65(75.6) 136(80) 65(76.5)
I 73(18.1) 16(18.6) 26(15.3) 16(18.8)
11 17(4.2) 5(5.8) 8(4.7) 4(47)
pT 0.196 0.777
pTla 104(25.7) 28(32.6) 57(33.5) 27(31.8)
pTlb 300(74.3) 58(67.4) 113(66.5) 58(68.2)
pN status 0.990 0.530
pNO 338(83.7) 72(83.7) 147(86.5) 71(83.5)
pN+ 66(16.3) 14(16.3) 23(13.5) 14(16.5)

Values are expressed as mean * standard deviation or number of patients (n, %); ASA, American Society of Anesthesiologists; "p<0.05
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Figure 3. Survival curves. A) Overall survival (OS) according to dissection of subcarinal lymph node, 3-year OS rates: Group 1, 89.7%; Group 2, 90.4%. B)
Disease-free survival (DFS) according to dissection of subcarinal lymph node, 3-year DFS rates: Group 1, 83.5%; Group 2, 88.5%.

Discussion

Esophageal cancer tended to have “upward and
downward” metastases due to the unique, extensive
lymphatics draining the esophagus. Some surgeons
advocated wide range of mediastinal lymph node
dissection for thoracic ESCC, such as 3-field lympha-
denectomy[21] or extended lymphadenectomy[22].
However, extensive lymphadenectomy was reported
to increase the incidence of complications, and was
not likely to offer improved prognosis for all patients
with thoracic ESCC[23, 24]. Therefore, the concept of
individualized specific lymphadenectomy was
proposed to improve postoperative quality of life and
reduce the incidence of complications on the basis of

ensuring oncological outcomes.

Subcarinal lymph nodes were suggested to be
dissected radically as the regional nodes for thoracic
esophageal cancer. But we found subcarinal node
metastasis was infrequent in patients with superficial
ESCC, which was consistent with previous reports[10,
12, 25]. In addition, it was hard to detect solitary
subcarinal node metastasis in superficial ESCC,
indicating subcarinal nodes may be not the first
metastatic station. From the perspective of anatomy,
subcarinal nodes mainly received lymph flow from
the right middle and lower lobes of the lung, and
drained into the paratracheal node chain and anterior
mediastinal nodes[26]. Although lymphatic vessels
coursing directly from the esophagus to the subcari-
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nal nodes have occasionally been observed in
cadavers, the afferent vessels usually originated at the
intermuscular layer[27]; thus, subcarinal nodes had a
low probability of being the first station involved in
metastasis as a result of superficial esophageal
cancer|[26].

Previous studies reported subcarinal node
metastasis indicated worse prognosis[10, 11, 28, 29].
Given that subcarinal node metastasis was more likely
associated with an advanced disease status, the value
of subcarinal node dissection in thoracic ESCC was
also investigated. Hu et al[28] found the prognosis of
the subcarinal non-dissection group was significantly
worse than the dissection group, especially in the NO
subgroup. However, another propensity score
matched study[13] showed there were no significant
differences in OS and DFS between dissection and
non-dissection groups and subcarinal node dissection
might be futile for patients with thoracic ESCC. The
concept of eliminating subcarinal node dissection is
aggressive, but it may be suitable and sensible for a
specific group. The newly published article[30]
showed low efficacy index for the subcarinal nodes in
patients with upper and lower thoracic ESCC,
indicating subcarinal node dissection could be
omitted for patients with upper and lower ESCC.
Additionally, T stage (T2-T4) was the independent
predictive factor for subcarinal node metastasis,
implying that T1 ESCC may be candidates for
omission of subcarinal node dissection. To be note,
our study was the first research directly comparing
the long-term survival between non-dissection and
dissection groups in superficial ESCC, and indicated
subcarinal node dissection had few contributions to
better prognosis.

Another important issue was the short-term
outcomes following subcarinal node dissection. It was
reported subcarinal node dissection mnot only
increased blood loss, operation time and postopera-
tive pleural drainage volume[28], but also increased
the incidence of postoperative complications
significantly, especially pulmonary complications[13].
Our study also revealed the higher risk of pulmonary
complications in subcarinal dissection group. Two
reasons may account for such results. Firstly, the
branches of the vagus nerve in the pulmonary plexus
were often injured during subcarinal node dissection,
resulting in decreased ability to expectorate sputum
and thus induced pulmonary infection. Secondly, the
heat conduction of electronic devices may damage the
tracheobronchial wall as a result of increasing
respiratory secretion and decreasing tracheobronchial
blood flow. Given this, patients were more likely to
suffer from the procedure rather than achieve
benefits, although it was not difficult to perform such

procedure technically. Nowadays, enhanced recovery
after surgery (ERAS) has become the hotspot in
multiple disciplines, and subcarinal node dissection in
superficial ESCC could be left out for the implement-
ation of ERAS.

Table 2. Intraoperative, postoperative and pathological data
according to preoperative treatment

Variables After matching P

Group 1 (n=170)  Group 2 (n=85)

Operative features

Operation time (min) 204439 193£35 0.016
Blood loss (ml) 178429 157+48 0.011
Length of stay (days)

ICU median (range) 2(0-38) 2(0-13) 0.962
Hospital median(range) 11(7-97) 10(7-64) 0.825
Complications

Total complications 71(41.8) 26(30.6) 0.083
Pulmonary complications 34(20) 8(9.4) 0.032
Cardiac complications 5(2.9) 2(24) 1.000
Digestive complications 23(13.5) 9(10.6) 0.504
Anastomotic leakage 18(10.6) 7(8.2) 0.551
Delayed gastric emptying 5(2.9) 2(2.4) 1.000
Surgical complications 14 (8.2) 8(9.4) 0.752
Postoperative bleeding 1(0.6) 0

Chylothorax 1(0.6) 1(1.2)

Hoarseness 7(4.1) 3(3.5)

Wound infection 5(2.9) 4(4.7)

30-day mortality 2(1.2) 1(1.2) 1.000
Pathological data

RO resection 165(97.1) 83(97.6) 1.000
Tumor length (cm) 1.7840.88 1.7440.71 0712
Differentiation 0.813
Well 25(14.7) 10(11.8)

Moderate 108(63.5) 56(65.9)

Poor 37(21.8) 19(22.3)

Total lymph node number ~ 24.5+9.5 20.7+8.8 0.002
Lymphovascular invasion  10(5.9) 5(5.9) 1.000
Pathological stage 0.540
pT1aNO 53(31.2) 27(31.8)

pTlaN1 3(1.8) 0

pT1aN2 1(0.6) 0

pT1bNO 94(55.3) 44(51.8)

pT1bN1 11(6.5) 10(11.7)

pT1bN2 8(4.7) 4(4.7)

Values are expressed as mean * standard deviation or number of patients (n, %)
unless indicated otherwise; ICU, intensive care unit; *P<0.05

Table 3. Surveillance data

Variables After matching P
Group 1 (n=170) Group 2 (n=85)

Median follow-up time 455 47 0.965

(months)

Recurrence

Total recurrence 28(16.5) 13(15.3) 0.809

Loco-regional 19(11.2) 8(9.4) 0.666

Distant 3(1.8) 3(3.5) 0.661

Combined 6(3.5) 2(2.4) 0.899

Death

Total death 20(11.8) 12(14.1) 0.593

Cancer-related 14(8.2) 9(10.6) 0.536

Intercurrent disease 5(2.9) 2(2.4) 1.000

Unknown 1(0.6) 1(1.2) 1.000

Values are expressed as mean * standard deviation or number of patients (n, %)
unless indicated otherwise;*P<0.05
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Table 4. Univariate and multivariate analyses for overall survival and disease-free survival

Overall Survival HR (95% CI)

Disease-free Survival HR (95% CI)

Univariate P Multivariate

P Univariate P Multivariate P

Age 1.028(0.981-1.076)  0.245 0.985(0.945-1.027)  0.480
Group 2 (vs Group 1) 1.037(0.505-2.128)  0.922 0.861(0.446-1.664)  0.657
Surgery
Sweet (ref.) - - - -
Ivor-Lewis 1544(0.541-4.404) 0417 1.552(0.625-3.852)  0.343
McKeown 0.943(0.440-2.021)  0.881 0.965(0486-1.915)  0.919
Number of lymphnodes ~ 1.020(0.982-1.058)  0.309 1.017(0.985-1.050)  0.314
pT1b (vs. pTla) 2582(1.059-6.296)  0.037°  3.627(0.886-5.373) 0.099 4.068(1.595-10.397)  0.003 3.222(1.243-8.353) 0.016°
PN+ (vs pNO) 3.878(1.801-8.352)  0.001°  3.365(1.532-7.392) 0.003' 4.031(2.101-7.731)  <0.001 3.203(1.645-6.234)  0.001*
Lymphovascular invasion ~ 2.563(0.981-6.698)  0.055  2.581(0.987-6.751) 0.053 3512(1.552-7.944)  0.003 3.185(1.400-7.245)  0.006*
HR, hazard ratio; CI, confidence interval. *P<0.05
The present study was the first available analysis
investigating values of subcarinal node dissection Acknowledgements

focusing on superficial ESCC. Our results showed the
metastatic rate of subcarinal nodes in superficial
ESCC was extremely low, indicating subcarinal nodes
may have a low probability of being the first lymph
node station involved in metastasis. Then the
comparison between non-dissection and dissection
groups revealed subcarinal node dissection did not
contribute to improved survival for superficial ESCC,
whereas may increase the risk of postoperative
pulmonary complications as well as intraoperative
blood loss and operation duration. Therefore,
subcarinal node dissection could be omitted for
patients with superficial ESCC.

The research also had limitations. It was a
retrospective study from single medical center with a
relative small sample size, which could lead to
selection bias, though propensity score matching
method has been performed. Therefore, new prospec-
tive randomized controlled trials in multiple centers
are needed to validate these findings.

Conclusions

Subcarinal lymph node dissection might have
little value for patients with superficial ESCC and
could be omitted in this population.
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