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ABSTRACT

Objective: No guideline has been provided to assess the minimal number of lymph nodes
(LNs) that should be dissected for accurate staging in patients with epithelial ovarian cancer
(EOC). The aim of the study was to develop a nodal staging score (NSS) as an index to assess
whether a pathologic (p)NO EOC patient is indeed free of a nodal disease.

Methods: A total 0f 16,361 EOC patients staged I-III between 2004 and 2013 were identified
from the Surveillance, Epidemiology and End Result database. With a B-binomial model, NSS
was calculated to assess the probability of true-negative findings of LN status.

Results: With an increased number of LNs examined, the probability of missing a nodal
disease decreased and varied among different pT stages. Given 1 LN examined, an NSS of
93.76% calculated could ensure a high adequacy of nodal-negative classification for pTINO
EOC patients. For pT2NO patients, 5 LNs examined could guarantee an NSS of 90% for
adequate staging. Likewise, 11 and 29 LNs examined in pT3NO patients could maintain

NSS at the level of 80% and 90%, respectively. Our study suggested the optimal number of
LNs that could be examined and stratified by the pT stages for EOC patients based on this
statistical model derived from large pathologic data of clinical surgery patients.

Conclusion: NSS, as an auxiliary tool, not only could assist the International Federation of
Gynecology and Obstetrics staging more precisely, but also would provide a statistical basis
for postoperative evaluation for further clinical decision-making.

Keywords: Epithelial Ovarian Cancer; Lymph Node Dissection; Cancer Staging; Prognosis

INTRODUCTION

Epithelial ovarian cancer (EOC) is one of the most lethal malignancies with a relatively high
incidence in developed countries [1]. With the exploratory analysis based on prospective
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trial and large epidemiologic series in early-stage EOC, prognostic value of comprehensive
lymphadenectomy (LNE) has also been confirmed [2,3]. Under the current National
Comprehensive Cancer Network guideline [4], dissection of systemic pelvic and para-aortic
lymph nodes (LNs) is recommended for an early-stage EOC, and resection of suspicious and
enlarged LNs is recommended for advanced-stage disease. However, the exact number of LNs
to be resected is not mentioned.

The American Joint Committee on Cancer (AJCC) staging system, in terms of postoperative
pathological examination of LNs, defines that patients with all peritoneal status but positive
LNs are staged as T3¢, which is also called stage IIIC by the International Federation of
Gynecology and Obstetrics (FIGO) guidelines. Pelvic and para-aortic LNE is one part of
comprehensive surgical staging to explore the accurate status of LN metastasis; approximately
30% of patients with apparent early-stage undergo being upstaged after comprehensive
lymphatic and peritoneal staging [5]. Although EOC patients could benefit from the standard
staging system, it is highly possible to be under-staged, if a limit number of LNs are dissected
and pathologically examined. Thus, a nodal staging score (NSS), which is the probability

that a patient is properly diagnosed as nodal-negative, has been proposed [5-7]. And 1-NSS

is the probability that a nodal-positive patient is under-staged as nodal-negative. With this
statistical model, we can estimate the probability that a pathologically nodal-negative patient
is indeed free of nodal disease. Up to now, NSS has been established successfully for several
malignancies, including cancers of colon [6], prostate [7], and bladder [8]. However, the role
of NSS in EOC has still not been fully illustrated. In the present study, we established NSS as a
function of the number LNs examined and patients' pathologic T stage among EOC patients
from a population-based database, the Surveillance, Epidemiology and End Results (SEER).

MATERIALS AND METHODS

1. Data source

The SEER database, a population-based registry, is sponsored by the National Cancer
Institute (NCI). With 18 population-based cancer registries, the SEER program covers
approximately 28% of the cancer registries from the United States [9,10]. In view of the data
from SEER database were de-identified, written informed consent cannot be assessed.

The NCI's SEER"Stat Software (version 8.1.2; IMS Inc., Calverton, MD, USA; https://seer.
cancer.gov/seerstat) was used to identify EOC patients diagnosed between 2004 and

2013. We included patients histologically confirmed EOC based on the International
Classification of Diseases for Oncology, 3rd edition. From the SEER database, the detailed
clinicopathologic information, including the AJCC staging (AJCC 7th), number of examined
LNs, number of pathologically positive LNs and survival data were extracted for the analysis.
Patients were restaged based on the AJCC 7th staging system, if only the information on the
AJCC 6th staging was available.

2. Statistical methods

To precisely estimate the probability of false-negative findings of the LN status due to
missing a nodal disease, the data were simulated to reach the real situation to the greatest
extent. Then, a B-binomial distribution was fitted to the simulated data to calculate this
false-negative probability [7]. Using the results derived from this modeling, NSS was finally
calculated with 2 further steps:
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1) Step 1: simulate the data of missing a detectable LN based on nodal-positive patients

To reach the real status of LNs metastasis more precisely, we performed the data simulation
of missing a detectable LN.

A nodal positive patient indicated by the SEER database is a patient who has at least 1
pathologically metastatic lymph nodal. To precisely assess the probability of false negative
findings—all of LNs examined were negative for a factually nodal positive patient, we
established a dataset of false-negative patients containing 20% of pT1-2 patients and 40%
of pT3 patients, respectively. Using a part of nodal-positive patients randomly selected from
the dataset, we performed a data simulation as missing a LN that was randomly assigned
for each patient. We assumed that 7 was the number of total LNs examined and 7 was the
number of positive LNs examined for each patient; given n LNs examined, the patient was
simulated as having 1 LN missed and therefore only n-1 LNs were examined. In the process
of simulation, positive LNs for each patient were numbered from 1 to 7and the negative LNs
were numbered 7+1 to n. Then, we generated a random positive integer termed rx from 1 to
n, which was distributed uniformly. If rx<i, the corresponding patient was simulated to have
missed a detectable positive LN; otherwise in the condition of rx>i, the corresponding patient
was simulated to have missed a detectable negative LN. Through the process of simulation,
the dataset was assumed to contain false-negative patients. Then we construct a -binomial
model to assess the probability of false-negative findings due to missing a nodal disease
based on the simulated dataset.

2) Step 2: compute the probability of failing to detect a nodal disease using a f-binomial
distribution

In the following B-binomial model, we assumed that nwas the number of total LNs examined
from a patient, and / (20) was the number of positive LNs examined based on the simulation
data set. The B-binomial was listed below, where B (.) was a B function. The maximum
likelihood method was used to estimate the parameters o and f.

(n)B(L'-f-O(,n-I-ﬂ—L') 1)
T B@+p

In this model, k=n-i, represented the number of negative LNs for a patient. Data on jth patient
was expressed as m;, 1, and k;, respectively (1<k<m;, /1, 2,......N).

B (C(,k + ﬁ) (2)

P (FN) =P (ij = 0|k, a,B) = B (e

P (FN,) was the probability of all LNs examined negative (n=k, i=0) for an actually a LN-
positive patient due to missing a nodal disease. To compute the probability of failing to detect
anodal disease, we assumed n=Fk in the above model. To ensure the accuracy for the fitted
results, two assumptions should be fulfilled before the use of the statistical model s: firstly,

it was the false-negative assumption that the positive LN was missed due to limited LNs
examined intraoperatively; secondly, there was no false-positive results for LN pathological
examination postoperatively.

3) Step 3: calculate the prevalence of nodal disease adjusted by false-negative probability
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With the false-negative probability calculated from the above-mentioned steps, we estimated
the adjusted prevalence of nodal disease stratified by pT stage:

P (FN,) = #TP, 5)

FEN ™ T PN

For a given k- the total number of LNs excision, # TP, and #FN, represented the number of
true nodal-positive and false nodal-negative patients.

Yx (#FN, +#TP) (4)

rev (7;) Y. (#FN, + #TP +#TN,)

Prev (7)) represents the adjusted prevalence of nodal disease stratified by the pT stage. TNy is
the number of true-negative patients.

4) Step 4: calculate the NSSs

1— Prev (T}) (5)

NSSwims = T prev (T;) + [Prev (Tj) = P (FN,)]

Finally, NSSy5(7=1, 2, 3) was calculated by the above-listed formula. It has 2 meanings of
population- and individualized-based: the proportion of true nodal-negative EOC patients in
pNO patients with different pT stage, and the adequacy of a nodal-negative classification for
those patients, respectively.

All statistical analysis was performed by using SAS (version 9.4; SAS Institute, Cary, NC, USA)
and R (version 3.2.3; R Foundation, Vienna, Austria) software.

RESULTS

A flow-chart of the study design is shown in Fig. 1. From the SEER database, a total 0f 16,361
patents with stage I-III EOC were included in the analysis. The baseline characteristics of
patients are listed in Table 1.

Table 1. Characteristics of patients included in this study

Characteristics Node-negative (n=12,388) Node-positive (n=3,973) p-value®
Age (yr) 56.74+12.78 59.41+12.61 <0.001
Race <0.001
White 10,434 (84.23) 3,413 (85.90)
Black 572 (4.62) 9291 (5.56)
Others 1,382 (11.16) 339 (8.53)
T stage <0.001
T 7,159 (43.76) 399 (2.44)
T2 2,419 (14.79) 550 (3.36)
T3 2,810 (17.17) 3,024 (18.48)
Total LN examined? 11 (5-20) 1 (4-21) 0.081
Survival months® 43 (19-74) 29 (13-51) <0.001

Values are presented as mean+standard deviation, number (%), or median (range).

LN, lymph node.

*Two-sided y2 test or Fisher's exact test for distributions between node-negative and node-positive patients;
TRepresented by median (25%-75% quartiles).
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Ovarian cancer patients from SEER
(n=133,481)

Inclusion patients
with known regional nodes examined
with known regional nodes positive
with known AJCC staging
with EOC confirmed by ICD-0-3

A
EOC patients
(n=16,361)
v v v
Stage | patients Stage Il patients Stage Il patients
(n=7,558) (n=2,969) (n=5,834)
Nodal positive Nodal negative
(n=3,973) (n=12,388)
4—{ Random selected
\ 4
Simulation of missing a detectable LN
Calculate the probability of failing .| Prevalence of nodal disease adjusted
Stage I-1l patients 20% to detect a nodal disease i by false-negative probability
Stage Il patients 40%

\ 4
NSS

Fig. 1. The flowchart of this study.
AJCC, American Joint Committee on Cancer; EOC, epithelial ovarian cancer; ICD-0-3, International Classification of Diseases for Oncology, 3rd edition; LN,
lymph node; LNE, lymphadenectomy; NSS, nodal staging score; SEER, the Surveillance, Epidemiology and End Results.

Stratified by the pT stage, the parameters o and 3 fitted in the B-binomial model are listed in
Table 2. The probability of false-negative findings due to missing a nodal disease decreased
with an increased number of LNs to be examined across all the pT stages (Fig. 2A) but varied
in different pT stages, even the same number of LNs to have been examined.

Compared with the apparent prevalence, the prevalence of nodal disease in EOC patients
became higher across all the pT stages after the adjustment for the false-negative findings
(Table 3), demonstrating that for pT1-3 stages patients, the understaged proportions were
2.78%, 6.63%, and 15.7%, respectively.

Table 2. Parameters in fitness of B-binomial model

T stage Percent of simulation (%)* o (95% CI) B (95% CI)

N 20 1.02 (0.84-1.19) 3.92 (2.56-4.06)
T2 20 0.90 (0.78-1.04) 1.78 (1.49-2.13)
3 40 0.88 (0.83-0.93) 1.10 (1.02-1.19)

Cl, confidence interval; LN, lymph node.
*Percentage of patients in data simulation of missing a LN detected.
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Fig. 2. Probability of false-negative LNE in EOC patients under B-binomial model (A). The NSS of nodal-negative diagnosis stratified by the pT stage (B).
LNE, lymphadenectomy; NSS, nodal staging score.
Table 3. Apparent and adjusted prevalence of nodal disease in EOC with different pathologic T stage
Pathologic T stage Apparent prevalence Adjusted prevalence”
T 5.28 8.06
T2 18.52 25.15
T3 51.83 67.53

https://ejgo.org

Values are presented as percentage.
EOC, epithelial ovarian cancer.
*Adjusted for the probability of missing a nodal disease.

As indicated by NSS (Fig. 2B), given 1 LN examined, we could declare that a pTINO patient was
indeed node-negative with a 93.76% certainty. However, NSS decreased to 81.75% when 1 LN
was examined for pT2 patients; but could reach to 90% accuracy of the staging, if 5 LNs were
examined. For pT3 patients, NSS was merely 46.39% when 1 LN was examined; but 11 and 29
LNs to have been examined could maintain NSS at the levels of 80% and 90%, respectively.

The survival curve was presented as grouped by quartiles in each pT stage (Fig. 3). As
expected, a high NSS could be regarded as a strong favorable indicator for survival in pNO
patients independent of the pT stages (p<0.001 for all the pT stages).

DISCUSSION

Our study demonstrates that it is not accurate to regard all pNO as nodal-negative; the model
of NSS could be used to assess the rationality of nodal-negative staging, revealing the real
status of LN metastasis in EOC patients.

From a clinical perspective, computed tomography remains a widely-used imaging modality
in the preoperative evaluation of tumors; however, it has a low sensitivity in describing tumor
dissemination of EOC [11]. In addition, intraoperative palpation, as a traditional method

for surgeons to detect LN metastasis, is not accurate enough to evaluate the real status

of LN, when the tumor presents with deposits <2 mm in diameter [12]. LN is sometimes
microscopic and again enlarged due to benign inflammatory processes, which makes

visual judgment compromised. Thus, we believe that neither preoperative prediction, nor
intraoperative estimation, is accurate enough to reveal the real status of LNs.
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Fig. 3. OS by quartiles of probability of false-negative LN in nodal-negative patients with T1 stage (A), T2 stage (B), and T3 stage (C) by Kaplan-Meier curves.
LN, lymph node; OS, overall survival; NSS, nodal staging score.

https://ejgo.org

In a meta-analysis of retrospective studies, the incidence of occult LN disease in an apparent
early-stage and low-grade EOC is 2.9% [13], indicating that a routine LN biopsy is inadequate
for the nodal staging of EOC, and thus may have a high probability of leading to occult nodal
disease undetected. In consistence with the previous findings, we found that the prevalence
of'a nodal disease was 5.28% in patients with pT1 stage EOC, but soared to 8.06% after
adjusting for the probability of missing a nodal disease, indicating that 2.78% of patients
suffered from an occult nodal disease. As we know, the pattern of postoperative therapy was
distinct between advanced stage patients and those with an early stage EOC. Therefore, NSS
is helpful to make an objective assessment on the optimal postoperative strategy for pNO
patients by quantifying the probability of understaging (1-NSS).

NSS is established based on a B-binomial model [14], taking into account a binomial
distribution of patients as well as a heterogeneous distribution of P (FN) among patients.
According to the principle of randomization, the data was divided into 2 datasets. The first
dataset was used to simulate the real condition of missing a LN, followed by constructing
B-binomial model in combination with the remaining data. Unlike the previous reports

with similar methods [5-7], our simulation provides a more accurate fitting to the real
conditions. Also, the model is under the assumption that there are no false-positive LNs
during pathological examination in the patients labeled with LN-positive. In clinical practice,
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pathologists may declare a LN positive disease precisely as much as possible due to efficient
teamwork and mutual supervision. Thus, it is obvious that this assumption is reasonable.
Given the superiority that the adequacy of a nodal-negative determination can be quantified
and its high predictive ability on survival, NSS is expected to be used in intraoperative
prediction and postoperative clinical decision-making.

To avoid an occult LN disease, we recommend that the minimal number of LNs be examined
and stratified by the pT stage, as an ancillary method to make more correct staging. NSS
provides an objective assessment, enabling us to calculate the probability of occult nodal
disease quantitatively by 1-NSS in a more visual way. To minimize the probability of missing a
nodal disease, our results support that for pT2 patients, at least 5 nodes should be examined
to ensure a reasonable LN evaluation with an accuracy of 90%. Likewise, at least 29 nodes
should to be examined with an accuracy of 90% for pT3 patients. It seems remarkable that
examination of even a single node in pT1 patients could provide an NSS of more than 90%,
suggesting a low possibility of understaging for pTINO patients. With regard to pT3 patients,
given 29 nodes to be examined, NSS is barely to acquire 90%. In the case of pT certainty,
90% accuracy is a reasonable estimate that could be recommended to assist preoperative
evaluation and pathologic diagnosis, more importantly, assist FIGO staging system to reflect
the real status of tumor disseminating more correctly. Moreover, the number of LNs as
estimated by NSS could also be applied to predict prognosis of patients after LNE.

Positive LN status is a poor prognostic factor in early ovarian cancer, however, its role in
advanced ovarian cancer (AOC) remained elusive. Recently, a prospective randomized trial
was performed to evaluate the role of systematic pelvic and para-aortic LNE in patients with
AOC. And the researchers found that systematic pelvic and para-aortic LNE in AOC patients
with both intra-abdominal complete resection and clinically negative LN neither improve
overall nor progression-free survival. However, despite detecting sub-clinical retroperitoneal
LN metastases in 56% of the patients, no comparison in terms of survival between the LN
positive and LN negative patients was performed in the study [15]. In our study, we highlight
the use of NSS model to estimate the optimal numbers of LNs to avoid occult nodal diseases,
and also give us a hint that patients with negative LNs detected could also have impact

on overall survival. Also, serious postoperative complications and greater early mortality
following surgery such as lymphedema should also be concerned in clinical practice.

To the best of our knowledge, this is the first study estimating the accuracy of nodal-negative
diagnosis on EOC. However, the study also has some limitations. First, our study was
retrospective without detailed information regarding the treatment information. However,
this limitation is not relevant to this analysis. Second, the model we used was based on
assumptions that there are no false-positive LNs among patients with LNs examined and
that all LNs are equally accessible, which should be considered as a limitation, because it
may differ from the real situation in clinical practice. Strictly speaking, this assumption

is biologically untenable, but the bias resulted from this assumption would be minimal

if only the number of examined nodes is the strongest factor. Furthermore, some studies
concerning nodal dissection demonstrated support to this argument. For example, almost
75% of women with nodal metastases had positive nodes in the aortic area with or without
concomitant pelvic nodal metastases [16-18]. These studies suggest a lack of orderly
progression in LN metastases which offers circumstantial support for this study. In addition,
there are a number of possible confounders that affect indications for the decision to dissect
LNs and the likelihood that a positive node is removed from a patient, such as tumor grade,
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other sites of disease, status of the tumor capsule, and so on. The data were from SEER
database, and was under the assumption that those confounders were neglectful and were
homogeneous.

In brief, NSS, as an auxiliary tool, could assist surgeons to explore the real status of LN
and assist the FIGO staging system to reflect tumor disseminating more correctly, and
also provide preoperative prediction on LN resection yields and postoperative evaluation
for further clinical decision-making. Taken together, it is feasible that once validated by
prospective data, NSS can be applied to clinical managing EOC patients routinely.
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