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• First large analysis on predictive factors for prevalence and extent of LN metastases in vulvar cancer
• Lymphvascular space invasion, tumor stage, age and depth of infiltration are associated with prevalence of LN metastases.
• Tumor stage or tumor diameter are associated with the number of LN metastases.
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Background. Lymph node (LN) metastasis is the most important prognostic factor in primary vulvar cancer.
Assessing risk factors for the incidence and extent of LN metastases may help to select the optimal treatment
strategy for each individual patient.

Methods. In a subgroup analysis of the large multicenter AGO-CaRE-1 study we included all patients treated
with radical groin dissection. Univariate and multivariate regression analyses were performed in order to detect
factors associated with the prevalence and extent of nodal involvement.

Results. In total, 1162 patients were analyzed. Univariate analyses detected age, ECOG as well as multiple
tumor characteristics such as FIGO stage, grading, depth of invasion, tumor diameter, and (lymph)vascular
space invasion to be related with the prevalence of LN metastases. Interestingly, only tumor stage, tumor diam-
eter and depth of infiltrationwere found to be significantly associatedwith the number of LNmetastases. Inmul-
tivariate analysis, age (OR 1.03), lymphvascular space invasion (OR 4.97), tumor stage (OR 2.22) and depth of
infiltration (OR 1.08) showed an associationwith the prevalence of LNmetastases. Regarding the number ofmet-
astatic LNs, only tumor stage (OR 2.21) or, if excluded, tumor diameter (OR 1.02) were tested significant.

Conclusion. This large analysis of themulticenter AGO-CaRE-1-study identified lymphvascular space invasion,
tumor stage, and depth of infiltration as factors with the strongest association regarding the prevalence of LN
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metastasis. Interestingly, tumor stage or, if excluded, tumor diameter were the only factors associated with the
prevalence as well as the extent of LN metastases.

© 2019 Elsevier Inc. All rights reserved.
Table 1
Univariate logistic regression analysis of factors regarding the prevalence and number of
LN metastases.

OR 95% CI p-Value N

LN+ prevalence
Age (years) 1.02 1.01 1.03 b0.001 1162
BMI (kg/m2) 1.01 0.98 1.04 0.388 626
History of cardiovascular disease 1.37 0.96 1.95 0.081 648
History of diabetes 1.04 0.74 1.46 0.831 646
Vascular space invasion 6.10 3.07 13.22 b0.001 806
Lymphvascular space invasion 11.26 7.15 18.41 b0.001 822
Tumor stage 3.37 2.73 4.21 b0.001 1161
Tumor diameter (mm) 1.03 1.02 1.03 b0.001 939
Depth of infiltration (mm) 1.05 1.04 1.08 b0.001 669
Grading 2.09 1.69 2.60 b0.001 1132
ECOG 1.40 1.20 1.63 b0.001 769

Number of metastastic LN
Age (years) 1.00 0.99 1.02 0.775 419
BMI (kg/m2) 0.98 0.94 1.02 0.348 231
History of cardiovascular disease 1.38 0.82 2.32 0.219 265
History of diabetes 1.25 0.77 2.03 0.368 266
Vascular space invasion 1.73 0.88 3.38 0.111 290
Lymphvascular space invasion 1.38 0.88 2.15 0.159 300
Tumor stage 2.21 1.63 3.00 0.00 419
Tumor diameter (mm) 1.02 1.01 1.03 0.00 351
Depth of infiltration (mm) 1.03 1.01 1.05 0.003 215
Grading 1.18 0.85 1.64 0.331 414
ECOG 1.09 0.87 1.36 0.454 267
1. Introduction

Vulvar cancer is still a rare cancer with about 3300 cases per year in
Germany [1]. Especially, HPV associated carcinomas among young
woman show an increasing prevalence.

Lymph node metastases represent the most important prognostic
marker in vulvar cancer [2,3]. The progression free survival drops from
75% to 35% if lymph nodes are affected [4]. Adequate lymph node stag-
ing does not only provide essential information regarding the prognosis
of the patients, it also influences the treatment strategy [4]. Sentinel
lymph node dissection (SLND) has been introduced into the primary
surgical treatment of vulvar cancer with the aim to prevent severemor-
bidity like edema, wound breakdown or erysipelas by only dissecting
the lymph nodes at highest risk [5–9]. Several studies found SLND to
be a rational alternative to radical lymph node dissection (LND) [5–9].
However, groin recurrences after SLND or LND are associated with a
high mortality and patients at high risk for metastatic disease should
probably be treated and followed-up with special caution [5,10]. Only
few studies evaluated predictive factors for LNmetastases in vulvar can-
cer as reviewed by Oonk et al. [11]. Homesley et al. published the largest
prospective study with 637 patients showing that clinical node status,
lymphvascular space invasion, tumor thickness, age and GOG grading
appear to be independent predictors of LNmetastases in primary vulvar
cancer [12]. More data is required to better understand the risk factors
for lymph node metastases. Furthermore, we do not have information
on predictive factors regarding the extent (size and number) of LNme-
tastases. Therefore, we analyzed the patients of the AGO-CaRE-1-study.
With this largest cohort so far we evaluated predictive factors for LN
metastases in vulvar cancer in univariate and multivariate analyses.

2. Methods

2.1. Patients

This is an analysis investigating the large patient collective of the
AGO-CaRE-1 study. The original study was performed to analyze treat-
ment patterns and prognostic factors in vulvar cancer. Detailed informa-
tion about the recruitment and data collection were published by
Mahner et al. [4]. In short: 29 Arbeitsgemeinschaft Gynäkologische
Onkologie (AGO) cancer centers included patients treated at their insti-
tution for invasive vulvar cancer between 1998 and 2008. In total, 1618
patients were documented. In 1254 patients information of LN staging
was documented. Patients with isolated SLND (88) were excluded in
order to prevent patients with false-negative SLN. Additionally, we did
not have information about how SLND was performed and if stringent
quality criteria were followed. Patient and tumor characteristics as
well as treatment and follow-up data were collected in a centralized da-
tabase by the AGO.

This study was approved by each local ethics committee and regis-
tered with clinicaltrials.gov (NCT01304667).

2.2. Statistical analysis

Data analysis was conducted using the statistical software R (http://
www.cran.r-project.org). Linear and logistic regression analyses were
performed to assess the influence of the clinical and pathological factors
on prevalence, size and number of LN metastases. p-Values below 0.05
were considered as statistically significant and included in further mul-
tivariate analysis. Factors with p-values b 0.1 were also included.
Multivariate linear or logistic regression using the general-to-specific
modeling were applied to test for independently influencing variables.
Independent variables together were confirmed to have significant in-
fluence by χ2- or F-test.

3. Results

3.1. Univariate analysis

In total, 1162 patients were analyzed; all underwent a groin dissec-
tion. Patients with isolated SLN dissection were excluded. We per-
formed a logistic regression analysis to select factors associated with
the risk for LNmetastasis. Table 1 shows the results and the included pa-
tients per analysis. Figs. 1 and 2 present the detailed results regarding
the selected factors. In univariate analysis the prevalence of LNmetasta-
sis increased from 25.68% in patients younger than 40 years to 45.03%
for those older than 80 years. Similarly, the rate of nodal metastases
was N2-fold higher in tumors measuring 2-3 cm (37.97%) compared to
those smaller than 1 cm in diameter (17.81%) orwith a depth of infiltra-
tion of 4–5 mm (35.06%) compared to 1-2 mm (14.41%), respectively.
Even higher attributed riskswere detected regarding the variables grad-
ing (OR 2.09, 95%CI 1.69–2.60), tumor stage (OR 3.37, 95%CI 2.73–4.21)
and (lymph)vascular space invasion (vascular: OR 6.10, 95%CI
3.07–13.22, lymphvascular: OR 11.26, 95%CI 7.15–18.41).

We were also interested in factors associated with the extent of LN
metastasis. Therefore, we performed a univariate logistic regression
analysis for the number of metastatic LN. Only the three factors tumor
stage, depth of infiltration and tumor diameter showed significant asso-
ciation with the number of affected LNs. For example, in tumors larger
than 4 cm the rate of patients with at least two metastatic LN was
69.59% compared to 15.38% in tumors measuring 0.5-1 cm and 34.64%
in tumors with 1–2 cm diameter, respectively. Similar results were

http://clinicaltrials.gov
http://www.cran.r-project.org
http://www.cran.r-project.org


Fig. 1. Proportion of LN positive patients in relation to all patients depending on different tumor and patient characteristics.
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also found for the maximal size of the LN metastasis (see supplement).
Interestingly, (lymph-)vascular space invasion was not significantly as-
sociated with the number of affected LN in our cohort. Results are
shown in Fig. 2.
3.2. Multivariate analysis

In order to find independent factors being associated with the risk
and the number of LNmetastases we conducted amultivariate analysis.



Fig. 2. Proportion of patients with 1, 2, or ≥3 LN metastases in relation to all LN-positive patients depending on different tumor characteristics.

Table 2
Multivariate logistic regression analysis on prevalence and number of affected LN. The
depicted variables are the results of a general-to-specific modeling including all variables
which resulted in p-values below 0.1 in univariate analysis.

LN+ prevalence

N = 494 OR 95% CI p-Value

Age (years) 1.03 1.01 1.04 0.002
Lymphvascular space invasion 4.97 2.75 9.21 b0.001
Tumor stage 2.22 1.51 3.32 b0.001
Depth of invasion (mm) 1.08 1.03 1.13 0.001

Number of metastatic LN

N = 419 OR 95% CI p-Value

Tumor stage 2.21 1.63 3.00 b0.001
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In this multivariate logistic regression all variables were included
which showed a p-value below 0.1 in univariate analysis. The results
are listed in Table 2. As independent factors associated with a higher
risk for LNmetastases we identified the variables age (OR 1.03, 95%CI
1.01–1.04), depth of invasion (OR 1.08, 95%CI 1.03–1.13), tumor
stage (OR 2.22, 95%CI 1.51–3.32) and lymphvascular space invasion
which showed the strongest effect (OR 4.97, 95%CI 2.75–9.21). How-
ever, the maximal size of the LN metastasis was only associated with
tumor stage and depth of infiltration (see supplement). And finally,
multivariate analysis revealed that the tumor stage (OR 2.21, 95%CI
1.63–3.00) appeared to be the only factor strongly associated with
the number of affected LN.

In addition, we performed a multivariate analysis excluding the
composite variable tumor stage in order to better understand the influ-
ence of isolated tumor characteristics. Interestingly, instead of tumor
stage the variable tumor diameter was now tested as a factor for the
risk and number of LN metastases as shown in Table 3. Of note, tumor
diameterwas the only independent factor influencing the number of af-
fected LN (OR 1.02, 95%CI 1.01–1.03).
4. Discussion

We present the largest study so far analyzing predictive factors for
LN metastasis in vulvar cancer. In contrast to previous studies, we not



Table 3
Multivariate logistic regression analysis on prevalence and number of affected LN exclud-
ing tumor stage. The depicted variables are the results of a general-to-specific modeling
including all variables which resulted in p-values below 0.1 in univariate analysis.

LN+ prevalence

N = 448 OR 95% CI p-Value

Lymphvascular space invasion 4.82 2.67 8.94 b0.001
Tumor diameter (mm) 1.02 1.01 1.03 0.004
Depth of infiltration (mm) 1.07 1.02 1.12 0.005

Number of metastatic LN

N = 351 OR 95% CI p-Value

Tumor diameter (mm) 1.02 1.01 1.03 b0.001
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only evaluated the association of these factors with the prevalence but
also with the extent of LN metastasis. We were able to show that, be-
sides of age, only specific histologic tumor characteristics such as
tumor stage, lymphvascular space invasion and depth of infiltration
were associated with the risk for LNmetastasis in our cohort of patients
with primary vulvar cancer. Regarding the size or number of LNmetas-
tasis only tumor stage or tumor diameter and depth of infiltration were
identified as independent factors in multivariate analysis, respectively.

LN metastasis represents the most important prognostic factor in
vulvar cancer [2,4].We learned from previous studies like themulticen-
ter AGO-CaRE-1 study that patients with at least one affected LN appear
to benefit from adjuvant radiotherapy [4]. Additionally, recent studies
described a high mortality in patients experiencing groin recurrences
[5,10]. Some of these cases might be explained by false-negative SLN.
Previous studies indicated that patients with tumors larger than 4 cm
or multifocal tumors are at higher risk for false-negative SLN and
groin recurrences [6,8]. Reasons for false-negative SLN can be found in
methodological limitations of the marking technique in larger tumors
or by an increased risk for LN metastases in high risk tumors. Patients
ask for individual counseling and individual risk estimations. There are
patients seeking formaximal oncological safety and others refusingnec-
essary therapies because they are afraid of therapy related morbidity. A
systematic analysis and schematic presentation of risk factors will pro-
vide the necessary information for an individual patient counseling
and a decision based on informed consent.

The only large prospective study evaluating predictive factors for the
prevalence of LN metastasis was published by Homesley et al. almost
three decades ago [12]. However, they did not assess factors influencing
the size and number of affected LN. Interestingly, similar to our study
they found age, tumor thickness and lymphvascular space invasion as
significant independent factors in multivariate analysis. Additionally,
they also revealed the GOG tumor grading as an independent factor.
We, however, did not see conventional histologic grading as an inde-
pendent factor inmultivariate analysis but as a strong influencing factor
in univariate analysis. Thismay be explained by themore exact differen-
tiation of highly differentiated cancers with the GOG tumor grading. In
their study, only 2.8% of patients in GOG grading 1 had LN metastasis
whereas already 15.83% of our patientswith conventional grading 1 suf-
fered from affected LN. Of note, 51% of our patients with grade 3 tumors
had positive LN. In the literature, the prognostic role of tumor grading in
vulvar cancer is not clear. However,most studies could not detect an in-
dependent influence by tumor grading on prognosis and recurrence of
vulvar cancer (reviewed in [13]).

In this study, we did not have information onHPV status and distinct
tumor biology. HPV-status, for example,might be an explanation for the
increasing rate of LN metastasis with higher age. In older women HPV-
negative tumors are more frequent and these are associated with
shorter disease free survival [14]. Previous results are conflicting and
based on small studies [11].

Interestingly, we identified tumor stage as a predictive factor or if
excluded in favor of its distinct composite variables, tumor diameter
turned out to be associated with LNmetastasis. Our results support ear-
lier studieswhich indicated that tumor stage represents an independent
predictor for survival [15,16]. Although the absolute effect size (OR
1.02) appears to be small, it is calculated on the basis of 1 mm incre-
ments and reached high statistical significance. According to our find-
ings, the tumor diameter may be the best indicator for the extent of
LN metastasis because it represents a reflection of the tumor biology
and a result of speed and duration of tumor growth. Keeping in mind
that the number of affected LN has been tested by several authors to
be a negative predictor for survival [4,17–19], these results should
sharpen the awareness for the groin treatment of larger tumors. In our
cohort N60% of the patients with tumors larger than 4 cm suffered
from at least 1 metastatic LN. This fact might explain one rationale be-
hind the suggested restriction of SLND to tumors smaller than 4 cm
[6,8]. International recommendations suggest restricting SLND to pa-
tients with unifocal tumors b 4 cm. Interestingly, tumor biological char-
acteristics have not to be considered when counseling patients. In the
univariate analysis of this study, vascular (OR 6.1) and lymphvascular
(OR 11.3) space invasion are strongly associated with metastatic groin
LN (V1 76.7% and L1 82.2%). Due to the severe impact on the patients'
prognosis by false-negative SLN, we should be aware of the high risk
for LN involvement in patients with (lymph-)vascular space invasion
or grade 3. According to previous results, SLND appears to be also appro-
priate for these patients [5,6,8]. However, the groin staging of these pa-
tients should definitely be performed carefully analogue international
guidelines.

There are some limitations to this studywhich have to be addressed.
As subgroup analysis of a retrospective trial originally evaluating adju-
vant therapy in advanced vulvar cancer it might be prone to selection
and reporting bias. Only patients were included which underwent
groin dissection. Thereby, factors influencing the risk for LN metastasis
in very early vulvar cancer may be underestimated. However, the risk
for LN metastasis in patients with tumor stage Ia is reported to be
b2.6% [17]. So, it is not very probable that this groupwould significantly
have changed the results. Interestingly, although original inclusion of
the CaRE-1 study was restricted to tumor stages ≥ T1b, few patients
with depth of infiltration of b1 mmwere also documented in the data-
base which had a surprisingly high rate of LN metastases (22%). Due to
the multicenter retrospective design, single cases could not be vali-
dated. Most probable reasons for this finding are coding errors or a pre-
vious excision and histological examination of the main tumor in a
different pathological institute. Due to the retrospective design, missing
values could not be prevented. This led to a reduction of the analyzed
study population in the multivariate analysis. We did also not have in-
formation on the localization (lateral, midline or multifocality) and
tumor biology of the tumor. However, this is still by far the largest co-
hort in which multiple factors were analyzed and we were able to
reach statistically significant results in multivariate analysis. Especially,
in rare cancers like vulva cancer, such large cohorts are scarce and of
particular value. Additionally, the multicenter design represents a po-
tential strength of this study.

In summary, our results represent thefirst large study analyzingpre-
dictive factors on prevalence and extent of LNmetastasis in vulvar can-
cer. We could show that tumor stage or, if excluded, tumor diameter
appear to be independent factors associated with the number of af-
fected LN. This may help to better assess the risk for LN metastasis and
counsel patients with primary vulvar cancer.
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