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Background: The safety and benefit of sentinel lymph node biopsy (SLNB) compared
with regional lymph node dissection (RLND) and no lymph nodes removed (NA) in patients
with vulvar squamous cell cancer (VSCC) was not well studied.

Methods: A retrospective analysis on VSCC patients without distant metastasis and
adjacent organ invasion from the Surveillance, Epidemiology, and End Results Program
database between 2004 and 2016 was carried out. Within subgroups stratified by
negative (LN−) or positive (LN+) regional lymph node findings, inverse probability
weighting (IPW) adjusted multivariate Fine-Gray compete risk (CR) model and
accelerated failure time (AFT) model was used to investigate the factors associated with
and cancer-specific survival (CSS) and overall survival (OS).

Results: Of the 3,161 VSCC patients treated with surgery, 287 (9.1%) underwent SLNB,
1,716 (54.3%) underwent RLND, and 1,158 (36.6%) had no regional lymph nodes
removed. As illustrated by IPW adjusted multivariate regressions, SLNB was
significantly associated with prolonged CSS (LN−, adjusted sub-proportional hazard
ratio [sHR] = 0.42; 95% confidence interval [CI], 0.19–0.93; P=0.032; LN+, adjusted
sHR = 0.29; 95% CI, 0.16–0.54, P<0.001) and OS (LN−, adjusted time ratio [TR] = 1.38;
95% CI, 0.82–2.32; P=0.226; LN+, adjusted TR = 2.68; 95% CI, 1.73–4.14; P<0.001),
although the effect of SLNB on OS was not significant within the LN− cohort. Moreover,
SLNB led to improved CSS (adjusted sHR = 0.40; 95% CI, 0.23–0.70; P = 0.001) and OS
(adjusted TR=1.15, 95% CI 0.76-1.73, P=0.279) compared with NA. Age was a
significant prognostic factor of CSS and OS, whereas tumor size, surgery type, and
invasion depth were not.

Conclusions: SLNB leads to significantly prolonged CSS and OS in VSCC surgery
patients without distant metastasis and adjacent organ invasion than RLND, except for
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the similar OS in the LN− cohort. SLNB could be carried out preferentially for VSCC
surgery patients without distant metastasis and adjacent organ invasion, irrespective of
tumor size, surgery type, invasion depth, and regional lymph nodes metastasis. Further
prospective clinical trials are warranted to confirm the findings of this study.
Keywords: regional lymph node dissection, sentinel lymph node biopsy, surgery, tumor size, vulvar cancer, age,
invasion depth
INTRODUCTION

Vulvar cancer is a rare malignancy that accounts for about 5% of
all gynecologic cancer cases, with more than 6,100 newly
diagnosed cases yearly in the United States, leading to nearly
1,400 deaths (1). Ninety percent of vulvar cancers are squamous
cell carcinomas (VSCC) (2, 3). Currently, the primary treatment
for VSCC is surgical resection and radiotherapy (with or without
chemotherapy) if necessary (2, 4).

Vulvar cancer usually spreads to regional lymph nodes, such
as the inguinal, femoral, or pelvic lymph nodes. The more the
regional lymph nodes were involved, the worse the long-term
survival was (5, 6). Therefore, regional lymph nodes dissection
(RLND), covering inguinal and femoral lymph nodes, was
usually performed to remove lymph nodes for work-up or
therapy intent. However, RLND has a high probability of
short- and long-term complications that are the leading cause
of death after surgical treatment, such as wound breakdown,
wound infection, lymphoceles, lymphedema, cellulitis, and
erysipelas (7). After implementing several new surgical
techniques of lymph nodes dissection procedure, the morbidity
of complications after RLND decreased in recent years but
remains high and clinically meaningful (8). Thus, sentinel
lymph nodes biopsy (SLNB) was preferred to replace RLND
for selected VSCC patients because of its less aggressiveness and
lower probability of surgery complications (9). Moreover, SLNB
has been proven to have high sensitivity of more than 95% to
indicate positive regional lymph nodes and a specialty of as high
as 100% (9, 10). However, more than 50% of VSCC patients still
received RLND alone because of the limited application of SLNB
(7), which was led to by the limited evidence on the safety and
effectiveness of SLNB because of the rarity of vulvar carcinoma.

Thus, it is urgent to identify the safety and efficacy of SLNB in
VSCC surgery patients, especially in those with negative regional
lymph node findings. Therefore, we compared the long-term
survival between patients who underwent SLNB and those who
underwent RLND or NA in a large real-world cohort, controlling
for several factors.
MATERIALS AND METHODS

Data Source and Study Population
The Surveillance, Epidemiology, and End Results (SEER)
Program database of the National Cancer Institute was
retrieved to identify patients with primary vulvar carcinoma
2

from 2004 to 2016. Patients with the International Classification
of Diseases for Oncology, 3rd Edition (ICD-O-3) primary site
code of C51.0, C51.1, C51.2, C51.8 C51.9, and the ICD-O-3
histology codes of 8050-8084 (as squamous cell carcinoma) were
enrolled (11).

Moreover, patients were excluded by the following criteria:
1) not squamous cell carcinoma; 2) not the first primary
tumor; 3) survival months <1; 4) age at diagnosis < 18 or >80
years; 5) tumor size <1 millimeter; 6) no surgery performed;
7) debulking; 8) surgery not otherwise specified; 9) surgery
performed unknown; 7) Distant metastasis; 8) Adjacent organ
invasion; 9) AJCC pathologic staging criteria violation;
10) Lymph nodes removed unknown; 11) Positive lymph nodes
without dissection. In addition, Debulking was excluded because
it is performed for palliative rather than curative intent.

The region, insurance status, year of diagnosis, age at
diagnosis, race, marital status, primary site, pathological grade,
tumor size, invasion depth, surgery type, radiotherapy, lymph
node size, and SLNB were derived from the corresponding fields
of the SEER database. And then, they were included in regressions
because they were found to be prognostic factors (12–15).

Outcomes
Vulvar cancer-specific survival (CSS) was the primary outcome
calculated according to patients whose death were attributable to
vulvar cancer. In contrast, patients who died of other causes
rather than vulvar cancer were considered as compete-risks.
Overall survival (OS) was the secondary outcome.

Statistical Analysis
The inverse probability weighting (IPW) was applied to adjust
for the imbalance between groups. The region, insurance status,
year of diagnosis, age, race, marital status, primary site,
pathological grade, tumor size, invasion depth, surgery,
radiotherapy, and lymph node size were all included in logit
regression models to calculate the probability of the receipt of
SLNB. Moreover, the IPW weights were calculated based on the
pre-calculated logit models. We calculated IPW weights within
each subgroup stratified by microscopically confirmed (positive
histology) regional lymph nodes status—negative (LN−) or
positive (LN+) regional lymph nodes findings. To assess the
non-inferiority of SLNB compared with no lymph nodes
removed (NA), regressions with IPW adjustment for SLNB
versus NA were also performed. Sensitivity analysis on the
missing value of lymph size was carried out to assess the
consistency of the effect of SLNB versus RLND because clinical
July 2021 | Volume 11 | Article 676038
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lymph node status was an essential confounding factor
associated with the choice of SLNB and RLND.

The Kaplan-Meier survival curves were plotted and compared
by the Cox test because of IPW adjustment. Multivariate
accelerated failure time (AFT) regression models and Fine-
Gray compete-risk (CR) models were applied to calculate the
time ratio (TR) and sub-distribution hazard ratio (sHR) and
their corresponding 95% confidence intervals (95% CIs). A larger
TR indicates a more prolonged survival. Univariate regression
models were not performed because all the abovementioned
factors were included in the multivariate model without stepwise
variable filtering. After all, variable filtering based on P value was
highly controversial. Multivariate Cox regression models were
also carried out to evaluate OS, but the proportional hazard
hypothesis was violated for some variables. Thus, a series of AFT
models using either Gamma, Lognormal, or Weibull distribution
was carried out. Finally, the AFT model with lognormal
distribution was chosen because it is the simplest model that
best fits the sample data set.

A two-tailed P value of less than 0.05 was considered
statistically significant. All the statistical processes were
performed in STATA 16.0 software (StataCorp, College
Station, Texas).
RESULTS

Baseline Characteristics
Figure 1 shows the sample selection procedure. Of the 3,161
patients in this study, 287 (9.1%) underwent SLNB, 1,716
(54.3%) underwent RLND, and 1,158 (36.6%) had no regional
lymph nodes removed. The median [interquartile range, IQR]
follow-up of SLNB, RLND, and NA patients were 36 months
[20–61 months], 52 months [22–92 months], and 56 months
[28–94 months], respectively. The median [IQR] age of SLNB,
RLND, and NA patients were 61 [51–69], 59 [50–70], and 58
[49–67], respectively. More SLNB patients were diagnosed after
2010 compared with RLND patients (79.4% vs. 54.1%) and have
a tumor size of <2 cm (47.0% vs. 33.0%) and an invasion depth
of >1 mm (77.0% vs. 67.2%). Patients who underwent SLNB had
a higher percentage of being alive (86.8% vs. 70.6%) and negative
lymph node findings (78.8% vs. 71.7%) compared with those who
underwent RLND (Table 1).

Comparison of Overall Survival and Vulvar
Cancer-Specific Survival Between the
SLNB and RLND Groups
The IPW adjusted Kaplan-Meier curves of CSS and OS are
summarized in Figure 2.

Patients who underwent SLNB had significantly improved
CSS than those who underwent RLND both in the LN− cohort
(unadjusted sHR=0.41; 95% CI, 0.18–0.96; P=0.041; adjusted
sHR=0.42, 95% CI 0.19–0.93, P=0.032) and in the LN+ cohort
(unadjusted sHR=0.56; 95% CI, 0.32–0.98, P=0.042; adjusted
sHR=0.29; 95% CI, 0.16–0.54, P<0.001). Notably, patients who
received radiotherapy had worse OS than those who did not
Frontiers in Oncology | www.frontiersin.org 3
(sHR=2.91; 95% CI, 1.32–6.42; P=0.008) in the LN− cohort
(Figure 3 and Supplementary Tables 1, 2).

As for the OS, patients who underwent SLNB had prolonged
OS than those who underwent RLND in the LN− cohort
(unadjusted TR=1.51; 95% CI, 0.97–2.37; P=0.069; adjusted
TR=1.38; 95% CI, 0.82–2.32; P=0.226) and in the LN+ cohort
(unadjusted TR=1.21; 95% CI, 0.77–1.92; P=0.406; adjusted
TR=2.68; 95% CI, 1.73–4.14; P<0.001), although the effect was
not significant in the LN− cohort. (Figure 4 and Supplementary
Tables 3, 4).

Older age was associated with a significant worse CSS (LN−:
18–49, reference; 60-69, adjusted sHR=3.15, P=0.005; 70–80,
adjusted sHR=8.81, P<0.001; LN+: 18–49, reference; 70–80,
adjusted sHR=2.19, P=0.006) and OS (LN−: 18–49, reference;
60–69, adjusted TR=0.32, P=0.002; 70-80, adjusted TR=0.19,
P<0.001; LN+: 18–49, reference; 7–80, adjusted TR=0.32,
P<0.001) (Supplementary Tables 1-4).

Comparison of Overall Survival and Vulvar
Cancer-Specific Survival Between SLNB
and NA Groups
To assess the non-inferiority of SLNB compared with NA, we
conducted regressions of survival for SLNB and NA groups. Also,
we found, compared with patients in the NA group, those who
underwent SLNB had significantly prolonged CSS (unadjusted
sHR=0.56; 95% CI, 0.31–1.00; P=0.049; adjusted sHR = 0.40;
95% CI, 0.23–0.70; P=0.001), but similar OS (unadjusted
TR=1.44; 95% CI, 0.94–2.21, P=0.091; adjusted TR=1.15; 95%
CI, 0.76–1.73; P=0.279) (Figures 3, 4 and Supplementary
Tables 5, 6).

Sensitive Analysis
Because clinical lymph node size was an important factor
associated with the choice between SLNB and RLND, we
carried out a sensitivity analysis on missing values of lymph
node size. We assessed two extreme scenarios: all missing values
of lymph node size were considered to be (1) < 5 mm and (2) ≥5
mm. Then, we performed IPW adjusted AFT and CR regressions
for OS and CSS within the LN+ cohort and the overall cohort
(combination of LN+ and LN−). Finally, the beneficial effect of
SLNB on OS and CSS changed slightly but remain consistent
(Supplementary Table 7).
DISCUSSION

This study’s key findings were that SLNB led to significantly
prolonged survival outcomes in VSCC surgery patients with no
distant metastasis and adjacent organ invading compared to
RLND and NA. To our knowledge, this study is the first
retrospective study comparing SLNB with RLND in VSCC
surgery patients who had no distant metastasis and adjacent
organ invading, with 287 patients treated with SLNB and a
sample size of 3,161 patients. This study controlled for diverse
confounding factors, such as surgery type, tumor size, invasion
July 2021 | Volume 11 | Article 676038
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depth, radiotherapy, and positive lymph nodes findings. IPW
adjustment was carried out to minimize the imbalance of
variables between groups. This study adds to the supportive
evidence of the beneficial effect of SLNB on the survival of VSCC
surgery patients and extends the application scope of SLNB.

In this study, the beneficial effect of SLNB compared to RLND
on CSS was larger in the LN+ cohort(sHR [95% CI]=0.29 [0.16–
0.54]) than in the LN− cohort (sHR [95% CI]=0.42 [0.19–0.93]).
Similar larger effect of SLNB was also present for OS in the LN+
cohort (TR [95% CI]=2.68 [1.73–4.14]) than in the LN− cohort
(TR [95% CI]=1.38 [0.82–2.32]). Thereby, this study
Frontiers in Oncology | www.frontiersin.org 4
demonstrates that patients in the LN+ cohort could benefit
more from SLNB than those in the LN− cohort. To explore the
non-inferior effect of SLNB, we carried out a comparison
between patients treated with SLNB with those with no
regional lymph nodes removed, and the result was very
promising. Patients treated with SLNB has significantly
improved CSS (sHR [95% CI]=0.40 [0.23–0.70]) and similar
OS (TR [95% CI]=1.15 [0.76–1.73]) compared with those in the
NA group, which indicates that patients in the NA group might
have missing detection of microscopic positive lymph nodes. So
the extended application of SLNB was feasible.
FIGURE 1 | Flowchart of the patient selection procedure. AJCC, American Joint Committee on Cancer; SLNB, sentinel lymph node biopsy; RLND, regional lymph
node dissection; NA, no regional lymph node removed.
July 2021 | Volume 11 | Article 676038
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Because of vulvar carcinoma’s rareness, there have been no
random control trials, which may not be feasible because of
methodological and ethical issues, providing high-level evidence
about the safety and efficacy of SLNB compared with that of
RLND (16). This sizable retrospective study confirmed the
significantly superior role of SLNB versus RLND in VSCC
surgery patients within both the LN− and LN+ cohorts. This
study found that surgery type, tumor size, and invasion depth did
not limit the applying of SLNB, contrary to the previous study’s
finding that SLNB should be limited to tumors with size ≤4 cm
and invasion depth >1 mm (17). Our study provides evidence for
extending the indication of the application of SLNB patients with
any tumor size and invasion depth, irrespective of surgery type
and regional lymph nodes findings. In contrast, age should be
taken into account because of its statistically significant
association with survival. Together with the cost-efficacy of
SLNB, more VSCC surgery patients will benefit from SLNB
(17, 18).

The explanation of the promising survival outcome associate
with SLNB may lie in that several innovation techniques of
SLNB, including imaging tracer agent (ranging from blue dye to
indocyanine green and Technetium-99m colloid albumin as well
as their combination) and imaging equipment (from
lymphoscintigraphy, single-photon emission computed
tomography or computed tomography [SPECT/CT] to a fusion
of SPECT/CT and ultrasound), have dramatically progressed the
precision of lymph node localization (17, 19, 20). SPECT/CT
could currently personalize lymphatic mapping and provide
detailed information about the number and anatomical
location of sentinel lymph nodes for adequate surgical
planning in the groin (21). However, it is still essential to
standardize the acquisition principles of SPECT/CT images
and centralize SLNB performing in experienced centers for a
personalized approach (17).

This study has some limitations. 1) Detailed information
about surgery was not available in SEER, for example,
hospital’s care quality, imaging equipment, tracer agent for
imaging, surgeon’s professional experience. Thus, we could not
profoundly control those factors’ impact and handle the
heterogeneity of those factors between groups. Moreover,
TABLE 1 | Baseline characteristics.

Characteristics NA RLND SLNB
No. (%) No. (%) No. (%)

Total 1158 1716 287
Region
East 599 (51.7) 812 (47.3) 96 (33.4)
Northern Plains 115 (9.9) 179 (10.4) 42 (14.6)
Pacific Coast 399 (34.5) 657 (38.3) 130 (45.3)
Southwest 45 (3.9) 68 (4.0) 19 (6.6)
Insurance status
Insured 712 (61.5) 1038 (60.5) 227 (79.1)
Medicaid 145 (12.5) 237 (13.8) 29 (10.1)
Uninsured 36 (3.1) 80 (4.7) 2 (0.7)
Unknown 265 (22.9) 361 (21.0) 29 (10.1)
Year of diagnosis
2004-2009 492 (42.5) 787 (45.9) 59 (20.6)
2010-2016 666 (57.5) 929 (54.1) 228 (79.4)
Age
median age (IQR), year 58 (49–67) 59 (50–70) 61 (51–69)
18-49 317 (27.4) 419 (24.4) 60 (20.9)
50-59 326 (28.2) 445 (25.9) 73 (25.4)
60-69 289 (25.0) 410 (23.9) 84 (29.3)
70-80 226 (19.5) 442 (25.8) 70 (24.4)
Race
White 985 (85.1) 1483 (86.4) 268 (93.4)
Black 135 (11.7) 169 (9.8) 9 (3.1)
Other 38 (3.3) 64 (3.7) 10 (3.5)
Marital status
Married 505 (43.6) 777 (45.3) 149 (51.9)
Single 225 (19.4) 350 (20.4) 44 (15.3)
Divorced/separated/widowed 333 (28.8) 507 (29.5) 75 (26.1)
Unknown 95 (8.2) 82 (4.8) 19 (6.6)
Primary site
Labium majus 83 (7.2) 158 (9.2) 23 (8.0)
Labium minus 55 (4.7) 87 (5.1) 19 (6.6)
Clitoris 10 (0.9) 50 (2.9) 5 (1.7)
Overlapping lesion 40 (3.5) 70 (4.1) 6 (2.1)
Vulva, NOS 970 (83.8) 1351 (78.7) 234 (81.5)
Pathology grade
Grade I 373 (32.2) 460 (26.8) 88 (30.7)
Grade II 268 (23.1) 774 (45.1) 131 (45.6)
Grade III/IV 83 (7.2) 323 (18.8) 43 (15.0)
Unknown 434 (37.5) 159 (9.3) 25 (8.7)
Tumor size, cm
<2 627 (54.1) 567 (33.0) 135 (47.0)
2-4 177 (15.3) 577 (33.6) 101 (35.2)
≥4 100 (8.6) 427 (24.9) 21 (7.3)
Unknown 254 (21.9) 145 (8.4) 30 (10.5)
Invasion depth, mm
≤1 496 (42.8) 112 (6.5) 15 (5.2)
>1 278 (24.0) 1153 (67.2) 221 (77.0)
Unknown 384 (33.2) 451 (26.3) 51 (17.8)
Surgery
LTE 387 (33.4) 109 (6.4) 21 (7.3)
SV 585 (50.5) 727 (42.4) 158 (55.1)
TV 87 (7.5) 314 (18.3) 38 (13.2)
RV 99 (8.5) 566 (33.0) 70 (24.4)
Radiotherapy
No 1079 (93.2) 1279 (74.5) 232 (80.8)
Yes 79 (6.8) 437 (25.5) 55 (19.2)
Chemotherapy
No 1125 (97.2) 1519 (88.5) 264 (92.0)
Yes 33 (2.8) 197 (11.5) 23 (8.0)
Lymph node size, mm
<5 1158 (100.0) 1300 (75.8) 242 (84.3)

(Continued)
TABLE 1 | Continued

Characteristics NA RLND SLNB
No. (%) No. (%) No. (%)

≥5 – 91 (5.3) 17 (5.9)
Unknown – 325 (18.9) 28 (9.8)
Lymph node findings
Negative 1158 (100.0) 1230 (71.7) 226 (78.8)
Positive – 486 (28.3) 61 (21.2)
Follow-up time (IQR), month 56 (28–94) 52 (22–92) 36 (20–61)
Outcome
Alive 972 (83.9) 1211 (70.6) 249 (86.8)
Dead from vulvar cancer 67 (5.8) 180 (10.5) 17 (5.9)
Not dead from vulvar cancer 115 (9.9) 316 (18.4) 20 (7.0)
Dead from unknown cause 4 (0.3) 9 (0.5) 1 (0.3)
July 2021 |
 Volume 11 | Arti
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margin status was not reported in the SEER, so it could not be
controlled, although margin status was proven to be not a
significant prognostic factor of survival in early studies (22–
25). 2) This study covered so long a period from 2004 to 2016
that some missing factors may bias the findings, despite the year
of diagnosis was grouped into two intervals at 2010 and
controlled in IPW calculation and multivariate regression, and
Frontiers in Oncology | www.frontiersin.org 6
no significant survival difference was found to be associated with
the year of diagnosis. 3) As the retrospective study’s nature, there
might be missing confounders that may be important for
analysis, which would lead to bias in our findings. For
example, we did not know where the exact location of the
tumors. Although we had adjusted for the primary site of the
tumor, that might not be adequate to account for the bias caused
A B

C D

FIGURE 2 | Overall survival and cancer-specific survival curves after inverse probability weighting. (A) overall survival within the LN− cohort; (B) overall survival
within the LN+ cohort; (C) cancer-specific survival within the LN− cohort; (D) cancer-specific survival within the LN+ cohort. LN−, negative regional lymph node
findings; LN+, positive regional lymph node findings.
FIGURE 3 | Forest plot of compete-risk subdistribution hazard ratios (sHR) of cancer-specific survival. sHR, subdistribution hazard ratios; SLNB, sentinel lymph
node biopsy; RLND, regional lymph node dissection; NA, no regional lymph node removed.
July 2021 | Volume 11 | Article 676038
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by tumor location. 4) Despite IPW techniques, residual
confounding may exist. 5) The pathological result of SLNB and
RLND during the surgery process was unavailable in the SEER
database, and only the final pathological histology results were
given. Thus the false negatives and false positives that were of
great interest could not be calculated.

Although our study had some limitations, it was the first
retrospective study investigating SLNB in VSCC surgery patients
without distant metastasis and adjacent organ involvement until
now. Our study extends the scope of SLNB performing on this
rare cancer. Our findings will make clinicians preferentially
consider performing SLNB in VSCC surgery patients
irrespective of surgery type, invasion depth, and positive lymph
node findings so that more patients will benefit from SLNB.
CONCLUSIONS

SLNB results in significantly prolonged survival in VSCC surgery
patients without distant metastasis and adjacent organ invading,
irrespective of tumor size, surgery type, invasion depth, and
positive lymph node findings. SLNB could be carried out
preferentially in VSCC surgery patients. Further prospective
clinical controlled trials are warranted to confirm the superior
efficacy of SLNB.
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weighting; sHR, sub proportional hazard ratio; NOS, not otherwise specified; cm,
centimeter; mm, millimeter.
FIGURE 4 | Forest plot of time ratios (TR) of overall survival. TR, time ratio; SLNB, sentinel lymph node biopsy; RLND, regional lymph node dissection;
NA, no regional lymph node removed.
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Supplementary Table 2 | Multivariate compete-risk analysis of characteristics
associated with cancer-specific survival in the LN+ cohort for patients treated with
SLNB and RLND. LN+, positive regional lymph node findings; IPW, inverse
probability weighting; sHR, sub proportional hazard ratio; NOS, not otherwise
specified; SLNB, sentinel lymph node biopsy; RLND, regional lymph node
dissection; cm, centimeter; mm, millimeter.

Supplementary Table 3 | Multivariate accelerate failure time analysis of
characteristics associated with overall survival in the LN− cohort for patients treated
with SLNB and RLND. LN−, negative regional lymph node findings; SLNB, sentinel
lymph node biopsy; RLND, regional lymph node dissection; IPW, inverse probability
weighting; TR, time ratio; NOS, not otherwise specified; cm, centimeter;
mm, millimeter.

Supplementary Table 4 | Multivariate accelerate failure time analysis of
characteristics associated with overall survival in the LN+ cohort for patients treated
with SLNB and RLND. LN+, positive regional lymph node findings; SLNB, sentinel
lymph node biopsy; RLND, regional lymph node dissection; IPW, inverse probability
weighting; TR, time ratio; NOS, not otherwise specified; cm, centimeter; mm,millimeter.
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Supplementary Table 5 | Multivariate compete-risk analysis of characteristics
associated with cancer-specific survival for patients treated with SLNB and NA.
LN−, negative regional lymph node findings; SLNB, sentinel lymph node biopsy;
NA, no regional lymph node removed; IPW, inverse probability weighting; sHR,
sub proportional hazard ratio; NOS, not otherwise specified; cm, centimeter;
mm, millimeter.

Supplementary Table 6 | Multivariate accelerate failure time analysis of
characteristics associated with overall survival for patients treated with SLNB and
NA. LN−, negative regional lymph node findings; SLNB, sentinel lymph node
biopsy; NA, no regional lymph node removed; IPW, inverse probability weighting;
TR, time ratio; NOS, not otherwise specified; cm, centimeter; mm, millimeter.

Supplementary Table 7 | Effect of SLNB versus RLND from IPW adjusted
multivariate AFT and CR models for sensitivity analysis about missing lymph node
size. SLNB, sentinel lymph node biopsy; RLND, regional lymph node removed;
IPW, inverse probability weighting; AFT, accelerate failure time; CR, compete-risk;
TR, time ratio; sHR, sub proportional hazard ratio; LN+, positive regional lymph
node findings; LN−, negative regional lymph node findings.
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