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Abstract: Background: A limited lymphadenectomy may make patients with esophageal squamous cell
carcinoma (ESCC) at risk for missing occult nodal disease. This study aimed to determine an effective threshold
of lymph nodes (LNs) for evaluation of the quality of lymphadenectomy and discuss the impact of adjuvant
chemotherapy on pNO patients. Methods: Patients treated surgically for ESCC between 2010 and 2018 in
Sichuan Cancer Hospital were included. NPV (Negative Predictive Value) based on a beta-binomial
distribution was developed to assess the confidence of node-negative disease. Kaplan-Meier curves were
plotted to compare survival differences among groups. Results: When patients had >21 LNs examined, the
probability of false-negative findings was estimated at <10%, and NPV was estimated at a high level (>86.5%).
For patients with LNs removed <21, 5-year OS (or DFS) in postoperative chemotherapy group vs that in surgery
group was 65.3% vs 54.6%, p =0.041 (or 59.2% vs 46.6%, p = 0.033). But for patients with >21 LN, there were no
statistical differences (p = 0.683 for OS or p = 0.942 for DFS). Conclusion: Only pNO patients who were at high
risk of occult lymph node metastasis (examined LNs <21) could benefit from postoperative chemotherapy.

Keywords: esophageal squamous cell carcinoma; lymph node; occult lymph node metastasis; postoperative
chemotherapy; lymphadenectomy

Introduction

Esophageal cancer is the eighth most common type of cancer and the sixth primary cause of
tumor-related deaths all over the world. More than 50% of the newly diagnosed esophageal
carcinoma cases occur in China, and esophageal squamous cell carcinoma (ESCC) is the major
histological subtype (more than 90%) [ 2. A limited lymphadenectomy may make patients who
received esophagectomy for ESCC at risk for missing occult nodal disease. Some previous researches
had identified that occult lymph node metastasis directly influences the long-term prognosis of
esophageal cancer. Inaccurate follow-up recommendations and adjuvant treatment caused by staging
bias could be one important reason > 4. So high-quality lymphadenectomy is very necessary for
patients with esophageal carcinoma. However, some studies provided different optimal or minimum
threshold values (ranging from 14 to 30) for lymph nodes (LNs) harvested for esophageal carcinoma
(5101 Besides, the minimum number of LNs examined offered in the existing guidelines is also
variable. The current National Comprehensive Cancer Network (NCCN) guideline recommends
examining at least 15 LNs to acquire adequate staging. And the American Society of Clinical
Oncology (ASCO) advises surgeons to perform adequate nodal dissection with at least 16 to 18 LNs.
Meanwhile, existing guidelines (NCCN or ASCO) did not suggest any postoperative therapy for
ESCC patients without neoadjuvant therapy who had received complete resection (R0) regardless of
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pathological N stage [ 2. But given the probability of missing occult nodal disease, even for pNO

patients, the decision-making of postoperative treatment should be more carefully considered.
Therefore, this study aimed to determine an effective threshold of lymph nodes for evaluation

of the quality of lymphadenectomy and explore the effect of adjuvant chemotherapy on pNO patients.

Methods

Patients

The requirement for informed consent was waived on account of anonymous data. Patients who
underwent esophagectomy with ESCC in Sichuan Cancer Hospital between 2010 and 2018 were
included. Patients with preoperative chemo/radiotherapy, visceral metastasis, other carcinomas and
incomplete resection had been excluded. These remaining patients were selected to create our
mathematical model. To further explore the influence of postoperative chemotherapy for pNO
patients, the small number of patients who received postoperative radiotherapy, chemoradiotherapy
or unknown treatment were excluded. The remaining pNO patients were divided into surgery alone
(5) and postoperative chemotherapy (POCT) groups and propensity-score matching (PSM) was used
to reduce selection bias between the two groups. One-to-one matching without replacement was
employed with a caliper width of 0.01. This retrospective study was reviewed by the Ethics
Committee (EC) for Medical Research and New Medical Technology of Sichuan Cancer Hospital
(SCCHEC-02-2022-050).

Model Development

In this study, we adopted a previously described mathematical model using the beta-binomial
distribution to estimate the negative predictive value as a function of number of LNs examined and
our method had slight differences (detailed explanations are listed in the supplementary materials).
This algorithm has already been used for other types of cancer widely to assess adequate staging of
node-negative disease [13-16],

We simply summarized the method into the following three steps. The equations use the
abbreviations: P, probability; FN, false-negative; TN, true-negative; TP, true-positive; m, number of
LNs examined; Prev, prevalence; B , beta function.

1. The probability of false-negative findings for each pN+ patient was calculated as a function of the
number of LNs examined [P(FN_,)].

A beta-binomial model was fitted among the cohort of node-positive patients first. The shape
parameters (a and () within the beta function were estimated with a maximum likelihood approach.
Less than 10% of omission rate of positive LNs is considered acceptable. Then, for each possible
number of LNs examined (m), the probability of false-negative findings for a patient with true node-
positive disease can be expressed as:

B(o, B + m)

P(FN,) = B(o, )

@™

2. Estimate the true-positive node disease prevalence.

The observed prevalence is commonly underestimated and needs to be adjusted for false-
negative findings. The number of false-negative patients (#FN,,) was calculated at each value of m as
follows first:

_ P(FN,,) * #TP, )
#FN,, = m ()

#TP,, presents the number of true positives for a given m. Then, the adjusted prevalence was
estimated by averaging over m:
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Y m(#FNy, + #TP,)
Prev = 3)
Y m(#FN, + #TP,, + #TN))

3. Negative Predictive Value (NPV).

NPV is the probability that a pathologically node-negative patient is indeed free of nodal disease
and following is the calculation formula:
1 — Prev TN,

NPV = =
1 — Prev + [Prev = P(FN,)] #FNp, + #TNy,

4)

Follow-up and Statistical Analysis

Overall survival (OS) was measured from the date of surgery to the date of death or last follow-
up and censored at the last contact date in surviving patients. Disease-free survival (DFS) was
measured from the date of surgery to the date of first evidence of relapse or death for any cause,
whichever was observed first. Local recurrence was defined as recurrence in the supraclavicular,
mediastinal, and peritoneal regions. Distant metastasis was defined as recurrence elsewhere.

OS and DFS curves were plotted by the Kaplan-Meier method and compared by the log-rank
test. A Cox regression model with stepwise selection was used for univariate and multivariate
analyses. p < 0.05 were regarded as statistically significant. The characteristics with p < 0.05 on
univariate analysis were selected for multivariate analysis. X? test is used for categorical variables.
All tests of statistical significance were 2-sided. MATLAB R2022b (https://matlab.mathworks.com/)
was used to fit the beta-binomial model, and R version 4.2.1 (https://www.r-project.org/) was carried
out with statistical analyses.

Results

Patient Characteristics

A total of 2722 patients with ESCC were included and divided into pNO (n = 1261) and pN+ (n=
1461) groups to develop our mathematical model (Table 1). Of these, pN+ patients were analyzed to
get probabilities of false-negative disease as a function of the number of LNs resected. The remaining
PNO patients were enrolled to estimate the adjusted prevalence of the true positive disease. The
incorporated patients comprised 12.6% pT1, 16.7% p12, 61.6% pT3 and 9.1% pT4. The median number
of LNs resected for all involved patients was 20 (interquartile range 14-28).

Table 1. Patient characteristics.

Variables Case
Total 2722
Sex
Male 2226 (81.8)
Female 496 (18.2)
Age, years
<65 1827 (67.1)
>65 895 (32.9)
KPS
>90 1553 (57.1)
<90 1169 (42.9)
T stage

T1 343 (12.6)
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T2 454 (16.7)
T3 1676 (61.6)
T4 249 (9.1)
Lymph nodal status
pNO 1261 (46.3)
pN+ 1461 (53.7)
Tumor location
Upper 686 (25.2)
Middle 1458 (53.6)
Lower 578 (21.2)
Grade
Gl 590 (21.7)
G2 1083 (39.8)
G3 1049 (38.5)
Median LNs examined counts
20 (14-28)
(interquartile range)
Lymphovascular invasion
Yes 460 (16.9)
No 2262 (83.1)
Nerve invasion
Yes 493 (18.1)
No 2229 (81.9)
Postoperative treatment
None 1332 (48.9)
Chemotherapy 1241 (45.6)
Radiotherapy 71 (2.6)
Chemoradiotherapy or unknown 78 (2.9)

Data are expressed as n (%) unless otherwise specified lymph nodes; KPS (Karnofsky score).

Probability of False-negatives and NPV

The distribution of the proportion of lymph node metastasis among entire pN+ patients was fit
a -binomial distribution with resulting model parameters of o = 2.423 (95% CI, 1.881 to 3.120) and 3
= 12.425 (95% CI, 9.315 to 16.574). The probability of false-negative nodes and the NPV estimated
were plotted in Figure 1. As expected, P(FN,,) decreased as the number of LNs examined increased,
and the NPV increased as the counts increased. The probability of false-negative findings was
calculated as less than 10% for 21 LNs examined. And the corresponding NPV was estimated at more
than 86.5% for pNO patients with 21 LNs examined. The apparent prevalence of the nodal disease is
53.7%, but accounting for potential false-negatives, the corrected prevalence is 61.2%.
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Figure 1. A) The probability of false-negative findings as a function of number of lymph nodes
examined in a patient with truly node-positive disease. B) Negative Predictive Value as a function of
number of lymph nodes examined in patients with declared node-negative diseases. P(FNy,):
Probability of false-negative findings; NPV: Negative Predictive Value; m: Examined lymph node

count.

Validation of the Tool

The results of the Cox regression analyses demonstrated that NPV (OS: HR 0.175, 95% CI, 0.069
to 0.439, p <0.001; DFS: HR 0.122, 95% CI, 0.046 to 0.320, p < 0.001) were an independent prognostic
factor on both OS and DFS for pNO patients (Tables 2 and 3). We grouped pNO cases according to tri-
sectional quantiles of the NPV (as a continuous variable) and the Kaplan-Meier curves indicated that
the higher NPV interval (86.5%< NPV <98.5%) resulted in better OS and DFS (p = 0.002 for OS or p <
0.001 for DEFS) (Figure 2). Moreover, the phenomenon of the curve lines partly overlapping on OS
(Figure 2A) may be attributed to the discounted benefit from stage correction and the benefit on DFS

was not necessarily translated into the benefit on OS.

Table 2. Univariable and multivariable analyses on overall survival for pNO patients.

Univariable analysis

Multivariable analysis

HR

Sex

Male 1

Female 0.632
Age, year

<65 1

>65 1.280
KPS

>90 1

<90 1.130
T stage

T1 1

T2 1.722

T3 2.618

T4 3.701

Tumor location

95% CI

reference

0.483-0.826

reference

1.040-1.575

reference

0.921-1.386

reference
1.183-2.507
1.911-3.588
2.243-6.108

p HR
1

0.001 0.672
1

0.020 1.340

0.242

1

0.005 1.553

<0.001 2501

<0.001  3.502

95% CI p

reference
0.513-0.881 0.004

reference
1.086-1.653 0.006

reference
1.061-2.273 0.024
1.810-3.457 < 0.001
2.114-5.800 < 0.001
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Upper
Middle
Lower
Grade
Gl
G2
G3
Lymphovascular
invasion
Yes
No
Nerve invasion
Yes
No
NPV

1
1.006
1.143

1.862
2.106

0.927

1
0.624
0.247

reference
0.786-1.289
0.845-1.545

reference
1.404-2.469
1.588-2.792

reference

0.626-1.371

reference
0.477-0.816
0.098-0.625

0.960
0.387
1
<0.001 1.607
<0.001 1922
0.703
1
0.001 0.882
0.003 0.175

reference
1.206-2.140
1.445-2.557

reference
0.668-1.116
0.069-0.439

0.001
<0.001

0.379
<0.001

KPS (Karnofsky score); NPV (Negative Predictive Value); HR (hazard ratio); CI (confidence interval).

Table 3. Univariable and multivariable analyses on disease-free survival for pNO patients.

Univariable analysis

Multivariable analysis

Sex
Male
Female
Age, year
<65
>65
KPS
>90
<90
T stage
T1
T2
T3
T4
Tumor location
Upper
Middle
Lower
Grade
Gl
G2
G3

HR

1

0.682

1.013

1.263

1.797
3.025
3.412

1.022
1.224

1.903
2.138

95% CI

reference

0.518-0.897

reference

0.811-1.265

reference

1.022-1.560

reference
1.194-2.706
2.147-4.262
1.947-5.981

reference
0.788-1.325
0.894-1.676

reference
1.415-2.559
1.589-2.877

p HR
1
0.006 0.754
0.910
1
0.031 1.038
1
0.005 1.675
<0.001 2911
<0.001 3.204
0.871
0.208
1
<0.001  1.580
<0.001  1.887

95% CI

reference
0.571-0.996

reference

0.836-1.288

reference
1.106-2.538
2.040-4.155
1.820-5.641

reference
1.169-2.134
1.397-2.547

0.047

0.738

0.015
<0.001
<0.001

0.003
<0.001
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Lymphovascular
invasion
Yes 1 reference
No 0.765 0.520-1.126 0.175
Nerve invasion
Yes 1 reference 1 reference
No 0.674 0.504-0.902 0.008 0.955 0.708-1.289 0.765
NPV 0.199 0.076-0.521 0.001 0.122  0.046-0.320 <0.001
KPS (Karnofsky score); NPV (Negative Predictive Value); HR (hazard ratio); CI (confidence interval).
NPV in pNO patients NPV in pNO patients
A — (A1%71%) SR (77.0%86.5%)] = (B8.5.98.8%] B e (ANTTIN] R (TT0%865%] ~ (B6.5%,986%)]
1.00 1.00 e
M‘E:'u.‘_’
= 075 3 075 - "-T’::'_""*wn T m——
: e S RS
E, 050 E 0.50 ————
o p=0.002 g o p<0.001
0.00 0.00
0 12 24 % 48 60 0 12 24 36 48 60
08 fime{months) DFS time(months)
Number at risk Number at risk
| |-iﬂj 359 300 47 175 141 ! 409 342 254 199 135 91
TTA%865% 416 388 332 298 204 152 TTA% 86 5% 416 368 276 229 140 80
£ 436 401 340 289 190 148 8.5%, 438 385 274 218 141 79
0 12 24 % 48 60 0 12 24 36 48 60
08 time{months) DFS time(months)

Figure 2. The survival of pNO patients grouped by tri-sectional quantiles of Negative Predictive Value:
(A) overall survival and (B) disease-free survival.

Influence of Postoperative Chemotherapy for Prognosis

After excluding the small number of pNO patients (n = 91) who received postoperative
radiotherapy, chemoradiotherapy or unknown treatment, the remaining 1170 patients were divided
into surgery alone (S) and postoperative chemotherapy (POCT) groups and propensity-score
matching was used to reduce selection bias between the two groups. Finally, 682 pNO patients were
selected for further analysis. There was an expected balance of covariates in the two groups (Table
4). The reason why T stage cannot be balanced may be that tumor infiltration depth itself is one of
the indicators for the selection of adjuvant chemotherapy in actual clinical practice.

Table 4. Characteristics for node-negative patients before and after propensity score matching.

Before PSM After PSM
Variables S POCT p S POCT p
Sex ratio
Male 578 (76.0) 332 (81.2) 0.041 271 (79.5) 272 (79.8) 0.924
Female 183 (24.0) 77 (18.8) 70 (20.5) 69 (20.2)
Age, years
<65 432 (56.8) 321 (78.5) 260 (76.2) 255 (74.8)
<0.001 0.656
>65 329 (43.2) 88 (21.5) 81 (23.8) 86 (25.2)
KPS
>90 507 (66.6) 185 (45.2) 152 (44.6) 169 (49.6)
<0.001 0.192

<90 254 (33.4) 224 (54.8) 189 (55.4) 172 (50.4)
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T stage
T1 228 (30.0) 30 (7.3) 72 (21.1) 30 (8.8)
T2 170 (22.3) 76 (18.6) 75 (22.0) 70 (20.5)
T3 334 (43.9) 285 (69.7) <0.001 181 (53.1) 232 (68.1) <0.001
T4 29 (3.8) 18 (4.4) 13 (3.8) 9 (2.6)
Tumor
location
Upper 195 (25.6) 85 (20.8) 58 (17.0) 81 (23.8)
Middle 443 (58.2) 222 (54.3) <0.001 208 (61.0) 184 (54.0) 0.071
Lower 123 (16.2) 102 (24.9) 75 (22.0) 76 (22.2)
Grade
G1 240 (31.5) 95 (23.2) 79 (23.2) 80 (23.5)
G2 273 (35.9) 167 (40.8) 0.011 131 (38.4) 140 (41.0) 0.704
G3 248 (32.6) 147 (36.0) 131 (38.4) 121 (35.5)
Lymphovascul
ar invasion
Yes 42 (5.5) 38 (9.3) 0.015 22 (6.5) 32 (9.4) 0.156
No 719 (94.5) 371 (90.7) 319 (93.5) 309 (90.6)
Nerve
invasion
Yes 92 (12.1) 59 (14.4) 0.256 52 (15.2) 45 (13.2) 0.443
No 669 (87.9) 350 (85.6) 289 (84.8) 296 (86.8)
Data are expressed as n (%); KPS (Karnofsky score); S (surgery alone group); POCT (postoperative chemotherapy
group).

In all matched pNO patients, 5-year OS (or DFES) in the group of LNs examined >21 vs that in the
group of LNs examined <21 was 68.2% vs 59.7%, p = 0.032 (or 62.1% vs 52.9%, p = 0.054) (Figure 3). In
the S group, 5-year OS (or DFS) in the group of LNs removed >21 vs that in the group of LNs <21 was
71.8% vs 54.6%, p = 0.047 (or 61.4% vs 46.6%, p = 0.144; Figure 4A, B), respectively. However, in the
POCT group, the curves crossed each other regardless of whether the number of LNs removed was
more or less than 21 (p = 0.436 for OS or p = 0.407 for DFS; Figure 4C, D). Furthermore, in the subgroup
of LNs removed <21, 5-year OS (or DFS) in the POCT group vs that in the S group was 65.3% vs
54.6%, p = 0.041 (or 59.2% vs 46.6%, p = 0.033; Figure 5A, B). But for patients with >21 LNs resected,
the curves overlapped on OS or DES between S and POCT groups (p = 0.683 for OS or p = 0.942 for
DFS; Figure 5C, D).
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Figure 3. The survival of pNO patients after propensity-score matching grouped by examined lymph
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node count of more or less than 21: (A) overall survival and (B) disease-free survival.
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Figure 4. A, B) The survival of pNO patients grouped by examined lymph node count of more or less
than 21 in surgery alone group: (A) overall survival and (B) disease-free survival. C, D) The survival
of pNO patients grouped by examined lymph node count of more or less than 21 in postoperative
chemotherapy group: (C) overall survival and (D) disease-free survival.
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Figure 5. A, B) The survival of pNO patients with examined lymph node count <21 grouped into
surgery alone and postoperative chemotherapy groups: (A) overall survival and (B) disease-free
survival. 5C, D) The survival of pNO patients with examined lymph node count >21 grouped into
surgery alone and postoperative chemotherapy groups: (C) overall survival and (D) disease-free
survival.

Discussion

As many studies claimed, occult lymph node metastasis has a significantly detrimental influence
on prognosis in node-negative esophagus cancer patients >7.8. An adequate lymph node examination
is crucially necessary to diminish the risk of omission node-positive disease. The number of lymph
node dissection might impact patients on accurate staging, prognostic prediction and postoperative
treatment.

We created a visualized model based on a beta-binomial distribution to estimate the risk for
occult lymph node metastasis and verified the validity precisely. When the minimal false-negative
disease probability was less than 10%, we must harvest at least 21 LNs. Correspondingly, pNO
patients with >21 LNs examined (86.5%< NPV <98.5%) could get better long-term outcomes (Figure
2). On this standard, we reviewed the distribution of examined LNs count (the median was 20) and
inferred more than 50% of patients from our data had received a limited lymphadenectomy. The
nodal disease rate of ESCC was 42.2-51.2% in previous researches ['. 1719, Qur apparent prevalence of
the nodal disease is 53.7%, and the corrected prevalence is 61.2% after accounting for missing
potential positive cases. Nearly 7.5% of patients had underestimated N stages. Because of the huge
base of esophageal cancer patients worldwide, quite a lot of patients actually underwent unradical
surgery on oncology. In reality, the proportion could be higher because of the different quality of
esophagectomy in various medical centers, particularly somewhere lack of abundant experience.
Apparently, this consequence is deeply unacceptable by either the clinical physician or the patient.
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Our tool has preliminarily demonstrated that the more extensive lymphadenectomy could
improve prognosis effectively. NPV was an independent prognostic factor and higher NPV
corresponded to better OS or DFS. Several possible underlying reasons exist for this difference in
survival or relapse. First of all, staging bias results in prognosis differences directly. Patients with
enough LNs examined were estimated at low risk of occult lymph node metastasis and would
naturally get better long-term outcomes. Second, staging correction led to the proper delivery of
postoperative therapy 20 21. To explore the influence of postoperative chemotherapy, we chose 21
LNs as the threshold for further analysis (NPV of patients with >21 LNs examined were relatively
high). Roughly, pNO patients with >21 LNs resected derived a definite benefit on both OS and DFS
(Figure3). But in the subgroups, this benefit seemly only existed in S group (Figure 4). In Figure 5A,
B, postoperative chemotherapy would bring an appreciable positive impact on patients who were at
high risk of occult lymph node metastasis (examined LNs <21) even though the tumor was completely
resected (R0) and the pathological lymph nodes were declared negative (pNO). The improved
survival may be the result of chemotherapy curing potential micrometastases caused by limited
lymphadenectomy. Following this logic, the postoperative chemotherapy for pNO patients who
received relatively adequate lymphadenectomy (examined LNs >21) is naturally ineffective (Figure
5C, D). The findings are also powerful proof of the effectiveness of our mathematical model
simultaneously. Several studies had shown that ESCC patients who received either postoperative
chemotherapy or radiotherapy could have better OS or DFS than surgery alone (223, especially cohort
with lymph node metastasis. Our results support this claim in a different way that adjuvant
chemotherapy is effective for false negative patients. Clinicians perhaps ought to make more active
treatment decisions for patients with high risk of occult lymph node metastasis. Most studies [5-1°
suggested the optimal number of lymph nodes based on seeking a threshold for maximizes the
prognostic discrimination between the resulting groups. Compared with those, the work we did were
remarkably different, our model achieves the visualization of risk of occult lymph node metastasis
first and then we prove its effectiveness powerfully with survival outcomes. Note, our study
proposed an effective threshold rather than an optimal value.

However, existing international guidelines (NCCN or ASCO) did not suggest any adjuvant
therapy for all ESCC patients without neoadjuvant treatment as long as the tumor was completely
resected. In consideration of occult nodal disease, only follow-up for pNO patients could still be not
appropriate, especially someone with inadequate lymphadenectomy. Meanwhile, it is equally
important to avoid overtreatment or missing patients at high risk of death. Our tool could help
clinicians identify patients with poor prognosis and provide adjuvant treatment recommendations in
a more accurate, logical and convincing way.

In brief, lymphadenectomy locates in the crucial status on surgical treatment of esophageal
carcinoma, and occult lymph node metastasis after operation is easy to be ignored. The more
examined lymph nodes cause the lesser occult lymph node metastasis and greater outcome. But in
the actual clinical work, the quality of lymphadenectomy varies greatly among different medical
centers, a significant number of patients with potential nodal disease may be omitted. And
considering the disparate experience in lymphadenectomy for different pathological types
(squamous cell carcinoma or adenocarcinoma), we believe our conclusions have a more generalized
significance in China where squamous cell carcinoma is the majority. The main purpose of this article
is to call on surgeons to pay more attention on occult lymph node metastasis caused by limited
lymphadenectomy and consider more on postoperative treatment decision. With more nodes
examined and more detailed data in the future, our results could be confirmed and updated furtherly.

This research has some limitations. First, this was a retrospective analysis based on a single-
institutional database. Second, some confounding factors could make the records of LN counts
inaccurate, including difficulty in separating each node in the excised tissues and the fragmentation
of lymph node tissue during the dissection. Finally, the study did not include patients who received
preoperative therapy. Because preoperative chemo/radiotherapy commonly causes a shrinkage of
lymph nodes 24, and the impact of LNs examined on resected ESCC might be different compared to
those who did not receive preoperative therapy.
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Conclusions

Our study recommends 21 lymph nodes examined as an effective threshold for evaluation of the
quality of lymphadenectomy for patients with declared node-negative esophageal squamous cell
carcinoma. Patients with higher negative predictive value could get better long-term outcomes.
Postoperative chemotherapy could bring an appreciable benefit for pNO patients who were at high
risk of occult lymph node metastasis (examined LNs <21), but it might be ineffective for patients with
a relatively adequate lymph node examination (examined LNs >21).
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