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Abstract

Purpose Vaginal cancer (ICD-10: C52) is one of the rarest gynecological malignancies, with limited research on its fre-
quency, long-term survival, therapy-dependent survival, and follow-up of recurrences. This knowledge deficit may lead to
potential consequences such as medical over-, under- or wrong therapy.

Methods This nationwide retrospective population-based registry study analyzed patients with vaginal cancer diagnosed
between 2000 and 2022 in Germany. A total cohort of 1325 patients was included. To assess prognostic factors related to
lymph node involvement, overall survival, recurrence rates, and therapy-dependent survival were analyzed using binary
logistic regression, the Kaplan-Meier method, and univariable and multivariable Cox regression.

Results Mean age at diagnosis was 68.5 years and median age was 70.4 years. 30.0% (n=398) of patients showed lymph
node involvement. Younger age at diagnosis (<60 years), larger tumor size, and lymphatic invasion were noted as significant
risk factors for lymph node involvement in multivariable analysis. The 5-year overall survival rate was 53.8% (95%-CI
50.9-56.7), significantly influenced by age at diagnosis, nodal status, and tumor size in multivariable analysis. Cumula-
tive recurrence rates for locoregional and distant metastases were 20.4% and 14.3% after 5 years, increasing to 24.3% and
16.5% after 10 years. The most common primary treatment was surgery (39.2%, n=454). Surgery plus radiochemotherapy
(OP+RCT) provided the most favorable outcome as a primary treatment, whereas radiotherapy alone showed the least ben-
efit of all treatment options.

Conclusion Our study identifies important prognostic factors influencing vaginal cancer survival and offers information on
treatment optimization.

Keywords Vaginal cancer - Risk factors - Survival analysis - Recurrence rates - Lymph nodes - Treatment outcomes -
Cancer registry

Introduction

Vaginal cancer is one of the rarest gynecological malignan-
cies. In the European Union, a disease is considered rare
if it affects no more than 5 in 10,000 people (Bundesge-
sundheitsministerium 2025). In 2022, the global estimated
incidence was 18,800 cases, representing 0.1% of all can-
cers (Bray et al. 2024). In Germany, approximately 500 new
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cases are expected annually (Schniirch et al. 2019). In 2020,
the German Robert Koch Institute (RKI) documented 390
new cases and 164 deaths (RKI und GEKID, 2023).
Vaginal neoplasms occur predominantly in women over
70 years of age. One of the most significant risk factors is the
infection with HPV, detected in 74% of malignant vaginal
tumors. A prevention can be achieved through vaccination
(Schniirch et al. 2019). The most frequent histological type
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is squamous cell carcinoma (SCC), accounting for 85-87%
of cases, followed by adenocarcinoma in 10% of patients
(Albuquerque et al. 2022). Sarcomas and melanomas are
rare (<7%) (Dittmer et al. 2011). SCC is more prevalent in
elderly women, with individuals over 70 years accounting
for more than half of all cases. In contrast, vaginal adeno-
carcinoma particularly clear cell carcinoma associated with
intrauterine exposure to diethylstilbestrol (DES) — predomi-
nantly occurs in younger women (Stein et al. 2021; Kalte-
necker et al. 2025).

The leading symptom is vaginal bleeding, often accompa-
nied by signs of local infiltration, such as frequent urination
(Chow et al. 2021). Local relapses are relatively frequent,
presenting in 23-26% of patients. In 90% of cases, relapses
occur within the first 5 years after primary diagnosis (Jhin-
gran 2022). Therefore, follow-up physical examination is of
great significance. In Germany, continued medical follow-
up is recommended every three months in the first three
years, followed by semi-annual examinations in the next
two years (Schniirch et al. 2019). Subsequently, an annual
gynecological examination should be carried out (Schniirch
et al. 2019). In addition, the stage at initial diagnosis sig-
nificantly impacts the chances of survival. Hence, patients
with localized stage have better survival rates compared to
patients with more advanced stages (Adams et al. 2021).

Currently, there are only a few studies available address-
ing vaginal cancer. Few studies provide information on
prognostic factors and survival outcomes. There is little
clinical registry data available which makes it difficult to
conduct high-level studies with real-world data. Moreover,
the guideline recommendations are also not clearly defined
yet, resulting in analogous treatment of vaginal and vul-
var carcinoma, making evidence-based patient care more

Vaginal neoplasm

(ICD-10:C52)
01/2000 - 12/2022
OS180% Other histology (other
carcinoma, sarcoma,
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Fig. 1 Flowchart showing inclusion and exclusion criteria
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difficult. In 2020, a U.S. study utilizing the Surveillance,
Epidemiology, and End Results (SEER) database was con-
ducted to estimate survival rates and identify prognostic fac-
tors. However, recurrence rates were not analyzed (Huang
et al. 2020). Similarly, a German study, published in 2022,
presented epidemiological registry data, without providing
information on recurrence rates or treatment details (Forner
2023). This draws attention to the existing research gap in
the areas of therapy and recurrences.

Thus, the goal of the present study is to evaluate prog-
nostic factors for lymph-node involvement, long-term sur-
vival and recurrence rates based on clinical cancer registry
data from Germany. Furthermore, it aims to analyze data on
therapy-dependent survival to optimize future treatments.

Materials and methods
Study design and patient cohort

Our nationwide population-based, retrospective cohort
study used data from 15 German clinical cancer registries
from the Federal States of Baden-Wiirttemberg, Bavaria,
Berlin, Brandenburg, Hesse, Lower Saxony, Mecklenburg-
Western Pomerania, Saxony, Saxony-Anhalt and Thuringia.
A pooled anonymized dataset was analyzed. In total, 1325
patients were included, who were diagnosed with an inva-
sive vaginal neoplasm (ICD-10 C52) between January 2000
and December 2022. The collected data, as well as the retro-
spective analyses of the patients were anonymized and con-
sistent and in accordance with the state cancer registry laws
of the participating registries.

Patient inclusion and exclusion criteria

Inclusion and exclusion criteria are depicted in Fig. 1.
Patients were classified according to the UICC (Union inter-
national contre le cancer) TNM staging to assess the extent
of lymph node involvement. Only patients with a histology
of SCC and adenocarcinoma were included in the study,
whereas rare histological subtypes and patients with pri-
mary distant metastases (UICC stage IVB) were excluded
to focus on tumor recurrence. Recurrences occurring within
the first three months after diagnosis were not counted as
recurrences. To achieve sufficient case numbers, gradings
Gl and G2, as well as G3 and G4 were combined. Any pri-
mary lymph node involvement was marked as N+.

Data on lymphatic and venous invasion were incomplete
due to registry-specific reporting requirements that were not
mandatory throughout the study period. Analyses of these
real- life variables were therefore not restricted to cases with
complete data, in order to reflect the real-life data refraining
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from exclusion of cases, and the results were interpreted as
exploratory. As the missing data are unlikely to be random,
no imputation methods were applied.

Furthermore, only patients with RO resection and those
treated with the major therapy forms surgery alone, surgery
combined with radiotherapy or chemoradiotherapy, radio-
therapy alone or chemoradiotherapy—were involved in
analyses of recurrence rates, with each therapy form includ-
ing an adequate patient number of more than 100 patients.

Some potentially relevant prognostic factors, such as
tumor localization within the vagina, HPV status, perfor-
mance status, comorbidities, chemotherapy protocols,
and radiation dosage/fractionation, were not consistently
reported across all registries and years. Therefore, these vari-
ables could not be included in the multivariable analyses.

Statistical analysis

Means and medians with 95%-confidence intervals (95%-
CI) as well as interquartile range (IQR), minimum and
maximum values were used to characterize continuous data.
Categorial data were displayed as absolute frequencies and
relative percentages. Continuous data were evaluated with
the two-tailed Student’s t-test in case of normal distribution,
otherwise the Mann-Whitney U test was used. For assess-
ing the independence between categorical variables, the
Pearson’s Chi-square test was utilized. Multivariable binary
logistic regression was conducted to analyze the likelihood
of lymph node involvement, reported as odds ratios (OR)
along with the 95%-CI.

Overall survival (OS) rates were estimated from infor-
mation given by clinical reports, death certificates, and
registration offices. Relapses were categorized into locore-
gional recurrences, comprising relapse of the primary and/
or regional lymph nodes, and distant metastases. The date
of primary diagnosis until the first event determined the
survival times in years for OS and time to first recurrence.
The cut-off date was determined as 31 December 2022.
Mean and median follow-up was estimated by applying the
reverse Kaplan-Meier method. The Kaplan-Meier method
was used to estimate the endpoints 5-year-OS rate, the
recurrence-free survival rate, and the cumulative recurrence
rate. The two-sided log-rank test (i.e., Mantel- Cox) was
used to present the statistical significance in survival out-
comes. The statistical significance threshold was defined as
0.05. To determine the effect of the patient and tumor char-
acteristics on survival, the Cox proportional hazard mod-
els with univariable and multivariable regression analyses
were applied. In addition, sensitivity analyses were carried
out with a backward stepwise selection with a cut-off value
of 0.10. For covariates, such as age at diagnosis, histologi-
cal type, grading, UICC staging, tumor size, nodal status,

lymph vessel, and venous invasion, the Hazard ratio (HR)
for overall survival and cumulative recurrence was esti-
mated. The evaluation of HRs along with the 95%-CI were
conducted. They were deemed statistically significant, if the
95%-CI did not include 1.0 and the two-sided p values were
less than 0.05.

To check the assumption of proportionality, Kaplan-
Meier curves were used and interaction terms linked to OS
time were included in the Cox-regression model. IBM®
SPSS® Statistics (IBM Corp. IBM SPSS for Windows, Ver-
sion 29.0. Armonk, NY, USA) was applied to analyze all
data.

Results
Patient characteristics

The cohort study included information on 1325 patients
obtained from German clinical tumor registries. An over-
view of the tumor and patient characteristics is summa-
rized in Table 1. The mean age at diagnosis was 68.5 years
(95%-CI 67.8-69.3, SD 13.7) and the median age was 70.4
years (95%-CI 69.4-71.3, IQR 59.0-79.2). Minimum and
maximum values were 23.5 and 99.7 years. The interquar-
tile range was 59.0-79.2 years. 27.0% (n=358) of patients
were under 60 years of age, while 22.4% (n=297) were
between 60 and 69 years old. The majority of our patients,
29.2% (n=387), were aged 70-79, and a significant propor-
tion of 21.4% (n=283) were over 79 years old. The lead-
ing histological type was squamous cell carcinoma (93.0%,
n=1232). The predominant stage according to UICC was
stage I (37.4%, n=495). Correspondingly, T1 (42.6%,
n=>564) was the most frequently detected tumor size. In
most patients G1/G2 (55.8%, n=740) grading was found.
30.0% (n=398) of patients had lymph node involvement
(N+). Although limited data was available on lymph ves-
sel and venous vessel invasion, the existing information
indicated that only few patients did show any involvement
(L1=14.4%,n [, =191, V1=3.8%, n y,; =50).

Risk factors for lymph node involvement

Lymph node involvement (N+) was found in 398 patients
(30.0%). Mean and median age at diagnosis for patients
with lymph node infestation was 68.2 years and 70.0
years. Among those patients, the majority had a histology
of squamous cell carcinoma (92.0%, n=366) (Suppl. Tab.
A). Significant risk factors for nodal involvement at pri-
mary diagnosis were younger age at diagnosis (<60 years)
with significantly lower OR of 0.644-0.648 for older age
groups, larger tumor size compared to T1 tumors (T2:
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Table 1 Patient and tumor characteristics

Diagnosis ICD-10

C52 vagina
n %
Age at diagnosis (years) 0-59 358 27.0
60-69 297 22.4
70-79 387 29.2
80+ 283 21.4
Age at diagnosis (metric)  Mean (SD) 68.5 (13.7)
Median (IQR) 704 (59.0-79.2)
Histological type SCC 1232 93.0
Adenocarcinoma 93 7.0
Stage UICC 1 495 374
I 266 20.1
I 359 27.1
IVA 205 15.5
Tumor size (T) Tl 564 42.6
T2 408 30.8
T3 150 11.3
T4 203 15.3
Nodal status (N) NO 927 70.0
N+ 398 30.0
Grading (G) G1/2 740 55.8
G3/4 477 36.0
GX/ns 108 8.2
Lymph vessel invasion (L) LO 388 29.3
L1 191 144
LX/ns 746 56.3
Venous invasion (V) Vo 480 36.2
\%! 50 3.8
VX/ns 795 60.0
Total 1325 100.0

IQR=Interquartile range, SD= Standard deviation, SCC= Squamous
cell carcinoma, ns=non-specified

OR 3.2, 95%- CI 2.3-4.5, p<0.001; T3: OR 6.1, 95%-CI
4.0-9.5, p<0.001; T4: OR 8.1, 95%-CI 5.5-12.1, p<0.001)
and lymphatic invasion L1 vs. LO (OR: 5.1, 95%-CI 3.1-
8.4, p<0.001), derived from multivariable binary logistic
regression. Histological type, grading and venous invasion
were not found to be independent risk factors (Suppl. Tab.
B).

Overall survival analyses

Mean and median follow-up time was 9.3 years (95%-CI
8.9-9.8) and 8.2 years (95%- CI 7.6-8.9). During the fol-
low-up period, 684 of the 1325 patients died (48.4%). The
S5-year survival rate was 53.8% (95%-CI 50.9-56.7). The
median survival time was 6.3 years (95%-CI 5.2-7.3). The
overall survival curves in the entire cohort and according
to the patient and tumor characteristics are shown in Fig. 2.
Results from univariable and multivariable Cox-regressions
are listed in Table 2.

@ Springer

Fig. 2 Overall survival according to patient and tumor characteristics }
(Kaplan-Meier). ns=non-specified

In the univariable Cox-regression analysis all variables
except histological type and grading showed a significant
influence on OS. The risk factors remaining significant in
the multivariable analysis were age at diagnosis, nodal sta-
tus, and tumor size. Patients aged over 70 and over 80 years
demonstrated a highly significant decrease in OS with an
HR of 2.2 (95%- CI 1.8-2.8, p<0.001) and 3.0 (95%-CI
2.4-3.7, p<0.001) compared to younger patients. Addition-
ally, OS significantly worsened with tumor extension to T2,
T3 and T4, with an HR of 1.5 (95%-CI 1.3-1.9, p<0.001),
1.6 (95%-CI 1.2-2.1, p<0.001) and 2.3 (95%- CI 1.8-3.0,
p<0.001), compared to T1. Patients with involved lymph
nodes (N+) showed a highly significant worse OS with an
HR of 1.3 (95%-CI 1.3-1.1, p<0.001) in contrast to patients
with nodal status NO.

G3/G4 grading displayed a statistical significant influ-
ence in univariable analysis with an HR of 1.2 (95%-CI 1.0—
1.4, p=0.042) in contrast to G1/G2. However, multivariable
analysis revealed a borderline non-significant effect despite
an HR of 1.2 (95%-CI 1.0-1.4, p=0.073).

In the multivariable analysis within the full model,
venous spread showed a marginally non-significant effect in
patients with V1 compared to VO involvement, but had an
HR of 1.5 (95%- CI 1.0-2.3, p=0.060). After performing a
stepwise backward selection, the p-value for venous inva-
sion was 0.032 for V1 compared to VO.

Cumulative recurrence rate

After excluding patients who were not RO, 1202 patients
remained in the cohort. Of these, 197 (16.4%) had locore-
gional relapse and 130 (10.8%) had distant metastases.
After 5 years, the cumulative locoregional recurrence rate
was 20.4% (95%-CI 17.6-23.2), increasing slightly to
24.3% (95%-CI 21.1-27.6) after 10 years (Supp. Fig. A).
As to distant metastases, the 5-year and 10-year recurrence
rates were 14.3% (95%-CI 11.8-16.8) and 16.5% (95%-
CI 13.7-19.3). The most common distant metastases were
found in the lung (3.3%, n=40), followed by bones (2.3%,
n=28) and liver (2.1%, n=25) (Suppl. Tab. C). None of the
tumor characteristics demonstrated a significant effect on
locoregional recurrences neither in univariable nor in multi-
variable analysis (Suppl. Tab. D).

However, several factors proved to be significant for the
occurrence of distant metastases (Suppl. Tab. E). Patients
with adenocarcinoma had a significantly higher recurrence
rate with an HR of 2.6 (95%-CI 1.6-4.2, p<0.001) in com-
parison to SCC. Tumor size T4 also showed a highly signifi-
cant impact on recurrence rate with an HR of 2.8 (95%- CI
1.7-4.8, p<0.001) as opposed to T1. In contrast to patients
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Table 2 Univariable and multivariable Cox regression for overall survival according to risk factors

Univariable Cox-regression

Multivariable Cox-regression

95%-CI 95%-CI
p HR Lower Upper D HR Lower Upper
Age at diagnosis (years) <60 <0.001 1.000 <0.001* 1.000
60-69 0.003 1.437 1.131 1.826 0.004 1.419 1.115 1.805
70-79 <0.001 2.127 1.711 2.644 <0.001 2222 1.784 2.767
80+ <0.001 3.231 2.580 4.047 <0.001 2.979 2.370 3.744
Histological type SCC 1.000 1.000
Adenocarcinoma 0.639 1.071 0.803 1.429 0.225 1.197 0.895 1.601
Tumor size (T) T1 <0.001 1.000 <0.001* 1.000
T2 <0.001 1.758 1.463 2.112 <0.001 1.545 1.273 1.874
T3 <0.001 2.017 1.577 2.581 <0.001 1.607 1.238 2.087
T4 <0.001 2.856 2.303 3.540 <0.001 2.322 1.822 2.958
Nodal status (N) NO 1.000 1.000
N+ <0.001 1.704 1.458 1.991 0.003 1.307 1.098 1.556
Grading (G) G1/2 0.125 1.000 0.131%* 1.000
G3/4 0.042 1.180 1.006 1.384 0.073 1.160 0.986 1.364
GX/ns 0.537 1.092 0.826 1.443 0.617 0.931 0.702 1.234
Lymph vessel invasion (L) LO <0.001 1.000 0.937* 1.000
L1 0.012 1.390 1.075 1.798 0.813 0.965 0.716 1.300
LX/ns <0.001 1.779 1.476 2.145 0.921 1.022 0.666 1.568
Venous invasion (V) VO <0.001 1.000 0.152* 1.000
\%! 0.008 1.721 1.149 2.577 0.060 1.514 0.982 2.333
VX/ns <0.001 1.706 1.439 2.022 0.329 1.222 0.817 1.828

* p-value in line of reference denotes p-value for entire variable, CI=Confidence interval, HR=Hazard ratio, SCC=Squamous cell carcinoma,

ns=non-specified

with venous invasion V0, patients with V1 posed an inde-
pendent risk of distant metastasis (HR=2.3, 95%- CI 1.1-

5.0, p=0.034).

Therapy

The final analysis included all patients, also those with
resection statuses other than R0. Of the initial 1325 patients,
166 were excluded because they had no record of one of the
primary therapies previously described. This resulted in a
final cohort of 1159 patients. Only treatment groups with
more than 100 patients were included, while groups with
fewer than 100 patients were excluded from the analysis. In
this cohort, the median follow-up time was 8.2 years (95%-
CI 7.6-9.0). The most common primary treatment was sur-
gery (OP, n=454, 39.2%), followed by a combination of
surgery plus radiotherapy (OP+RT, n=236, 20.4%).

Definitive radiotherapy (RT) was used in 196 patients
(16.9%), whereas 147 patients (12.7%) had radioche-
motherapy (RCT). The least common treatment was sur-
gery plus radiochemotherapy (OP+RCT, n=126, 10.9%,
Table 4). Patient and tumor characteristics according to
therapy groups are depicted in Table 3.

OP, either as a single or combination treatment, was pre-
dominantly performed on patients under 50 years of age
(84.7%, n=116). As to RT, more than half of the patients

@ Springer

(53.1%, n=104) were older than 80 years, whereas only
16.8% (n=33) were younger than 70 years. Among patients
receiving OP alone, 60.6% (n=275) were diagnosed with
UICC stage I, while 7.7% (n=35) were at stage IVA. This
suggests that the use of definitive OP decreases with increas-
ing UICC stage. Furthermore, among those who underwent
OP, 86.8% (n=394) showed no lymph node involvement
(NO0), 52.9% (n=240) had no lymph vessel invasion (LO0)
and 64.1% (n=291) were free of venous invasion (V0).
In contrast, among patients receiving combination ther-
apy (OP+RCT), a higher proportion presented with more
advanced tumor stages. 46.8% (n=59) showed lymph node
involvement, 32.5% (n=41) had lymph vessel invasion and
11.9% (n=15) displayed venous invasion. Similarly, among
patients treated with RCT and definitive RT, 50.3% (n=74)
and 40.3% (n=79) of patients had infested lymph nodes.

In addition, a multivariable Cox-regression was per-
formed to analyze OS according to therapy within the total
cohort, as well as in subgroups categorized by age, tumor
size T, and nodal status N (Table 4). OP+RCT was the ref-
erence group. Definitive RT was the only therapy that had
a significantly worse influence on OS with an HR of 1.7
(95%- CI 1.2-2.5, p=0.004) in comparison to OP+RCT.
With the exception of the 70-79 age group, where RT alone
shortened OS (HR 2.7, 95%-CI 1.3-5.6, p=0.011) compared
to OP+RCT, none of the other treatment options displayed
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a statistically significant influence on OS across the other
age groups. Additionally, definitive RT rendered a worse OS
compared to OP+RCT in T2 tumors (HR=1.9, p=0.022,
95%-CI 1.1-3.4) and in patients with lymph node involve-
ment (HR=2.2, p=0.006, 95%-CI 1.3-3.8). In patients with
lymph node involvement, RCT demonstrated the best OS
(HR 0.9, p=0.954, 95%-CI 0.6-1.7) and also the second-
best OS rate overall compared to OP+RCT. It appears that
monotherapy consistently showed worse OS compared to
combination therapies.

However, this observation appears to be influenced by
baseline differences and should not be interpreted as evi-
dence of treatment superiority. Summarizing the results, the
best OS was found in patients with OP+RCT, followed by
RCT. Definitive RT provided the least benefit compared to
the other treatment options discussed. The observed find-
ings are likely driven by differences in patient selection and
tumor characteristics, not differences in treatment efficacy,
and should thus be interpreted with caution.

Discussion

Vaginal cancer is a rare malignancy. To date, research based
on retrospective and prospective studies remains limited.
Since the data on vaginal cancer therapy is based on limited
retrospective clinical reports, the German S2k-Level guide-
lines often refer to management recommendations analo-
gously to vulvar or cervix carcinoma (Schniirch et al. 2019).

In Germany, (Forner 2023) presented stratified survival
data from a large cohort of vaginal cancer patients using
data from German epidemiological registries. Our study
expands the data by including information on recurrence
rates and treatment modalities using data from population-
based clinical cancer registries.

Our research demonstrates that younger age at diagno-
sis, larger tumor size, and lymphatic invasion are the most
important prognostic factors for lymph node involvement.
OS was significantly lower for patients with older age at
diagnosis, larger tumor size and lymph node involvement.
Recurrence rates continue to rise after 5 years. Recurrence
rates for distant metastases were negatively influenced by
the histological type of adenocarcinoma, T4 tumors, and
venous invasion. As to treatment options, patients with
radiochemotherapy and surgery plus radiochemotherapy
had the best survival benefit. Patients with definitive radio-
therapy showed the worst OS.

It is important to note, that treatment comparisons are
subject to confounding by indication, as older and more frail
patients with advanced disease were more likely to receive
definitive radiotherapy. Despite multivariable adjustment,
residual confounding cannot be excluded. In addition,
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definitive radiotherapy was associated with poorer overall
survival, likely reflecting advanced age, disease stage, and
patient selection rather than treatment inefficacy.

According to the guidelines, the diagnostic workup of
vaginal carcinoma should include clinical examinations,
followed by imaging studies and biopsies for histological
analyses. For large tumors, screening for distant metastases
should be carried out prior to initiating treatment. Treatment
approaches are indicated based on UICC TNM classifica-
tion. Early-stage tumors (T1 NO MO) were primarily treated
with surgery, while in more advanced tumors (T2 NO MO,
T3 NO MO, T1-3 N1 MO) radio(chemo) therapy is the pre-
ferred treatment. The decision to combine surgery with
radiotherapy or chemotherapy for stages T1-T4 (any N MO0)
depends on the individual case, especially for more invasive
cancers. Follow-up examinations are recommended every
quarter in the first three years after diagnosis, followed by
semi-annual check-ups from years four to five, and annual
examinations thereafter (Schniirch et al. 2019).

In our study, the median age at diagnosis of 70.4 years
was consistent with the median age of 70 years presented by
Forner (2023). Wu et al. (2008) presented a slightly younger
age of 68 years, while Prameela et al. (2016) reported an
even younger median age of 64.28 years. In addition to the
prognostic factors for lymph node involvement identified in
this study, Baral et al. (2022) pointed out that that the loca-
tion of the tumor is a significant factor. In particular, lesions
involving the posterior wall of the vagina had a higher inci-
dence of lymph node metastases.

In our study, the 5-year OS rate was 53.8%, which dif-
fered from the results of other German studies. Forner
(2023) reported a lower rate of 48.6%, and Buttmann-
Schweiger et al. (2019) reported a rate of 44%. In contrast,
Meixner et al. (2023) observed a higher 5-year-OS rate of
62.8%. The comparability of the 5-year OS rate in our study
to other studies is limited due to the exclusion of patients
with primary distant metastases.

Similar to our results, Huang et al. (2020) pointed out
that the case-specific survival rate decreases with increas-
ing age. Lymph node involvement has a considerable influ-
ence on OS. This result was also found by Forner (2023),
who showed a median OS of 24 months in case of lymph
node involvement compared to median OS of 83 months in
patients without lymph node involvement.

Lymph node metastases are commonly associated with
SCC and distant metastases with adenocarcinoma (Yang et
al. 2020). This explains the significant impact of adenocar-
cinoma on the recurrence rates of distant metastases found
in this study. Additionally, recurrence rates for both locore-
gional and distant metastases worsen slightly after 5-10
years, which raises the question of whether the follow-up
period should be extended.
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Table 4 Results from multivariable Cox regression for overall survival according to therapy in total cohort, and in subgroups by age, tumor size

T and nodal status N

Multivariable Cox-regression

95%-CI
Subgroup Primary therapy n % p* HR Lower Upper
Total OP+RCT 126 10.9 0.008 1.000
OP+RT 236 20.4 0.129 1.302 0.926 1.830
OoP 454 39.2 0.184 1.253 0.898 1.747
RCT 147 12.7 0.928 1.018 0.687 1.509
RT 196 16.9 0.004 1.711 1.184 2.472
Age 0-59 OP+RCT 62 18.9 0.553 1.000
OP+RT 72 22.0 0.177 1.526 0.826 2.818
OP 129 39.3 0.419 1.280 0.703 2.329
RCT 49 14.9 0.834 1.078 0.533 2.179
RT 16 4.9 0.210 1.821 0.714 4.646
Age 60-69 OP+RCT 34 12.7 0.287 1.000
OP+RT 61 22.8 0.465 1.289 0.653 2.543
OP 118 442 0.969 0.986 0.502 1.939
RCT 37 13.9 0.981 0.991 0.450 2.183
RT 17 6.4 0.100 2.004 0.875 4.588
Age 70-79 OP+RCT 26 7.6 0.047 1.000
OP+RT 73 21.5 0.169 1.654 0.808 3.387
OoP 136 40.0 0.080 1.880 0.928 3.810
RCT 46 13.5 0.326 1.500 0.668 3.368
RT 59 17.4 0.011 2.652 1.256 5.599
Age 80+ OP+RCT 4 1.8 0.343 1.000
OP+RT 30 134 0.500 0.663 0.201 2.189
OoP 71 31.7 0.725 0.821 0.273 2.463
RCT 15 6.7 0.159 0.378 0.098 1.462
RT 104 46.4 0.873 0.918 0.322 2.618
T1 OP+RCT 38 7.1 0.580 1.000
OP+RT 143 26.9 0.875 1.053 0.554 2.003
oP 295 55.5 0.612 0.849 0.451 1.599
RCT 12 2.3 0.320 0.516 0.140 1.900
RT 44 8.3 0.982 0.991 0.459 2.139
T2 OP+RCT 54 15.2 0.054 1.000
OP+RT 68 19.2 0.568 1.161 0.695 1.941
OoP 102 28.7 0.571 1.158 0.698 1.919
RCT 53 14.9 0.934 0.974 0.517 1.831
RT 78 22.0 0.022 1.938 1.102 3.409
T3 OP+RCT 15 12.5 0.556 1.000
OP+RT 10 8.3 0.675 1.373 0.313 6.020
OP 23 19.2 0.824 1.186 0.263 5.340
RCT 40 333 0.865 1.120 0.303 4.136
RT 32 26.7 0.283 2.085 0.545 7.986
T4 OP+RCT 19 12.5 0.052 1.000
OP+RT 15 9.9 0.600 1.331 0.457 3.872
OP 34 22.4 0.059 2.441 0.968 6.159
RCT 42 27.6 0.796 1.123 0.466 2.705
RT 42 27.6 0.068 2.399 0.937 6.143
NO OP+RCT 67 8.1 0.225 1.000
OP+RT 177 21.4 0.346 1.248 0.787 1.981
oP 394 47.6 0.561 1.142 0.731 1.784
RCT 73 8.8 0.935 0.976 0.547 1.742
RT 117 14.1 0.086 1.551 0.940 2.559
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Table 4 (continued)
Multivariable Cox-regression
95%-CI
Subgroup Primary therapy n % p* HR Lower Upper
N+ OP+RCT 59 17.8 0.005 1.000
OP+RT 59 17.8 0.443 1.236 0.720 2.122
OoP 60 18.1 0.071 1.634 0.958 2.785
RCT 74 22.4 0.954 0.984 0.561 1.724
RT 79 23.9 0.006 2.174 1.253 3.771

*p-value in line of reference denotes p-value for entire variable. CI=Confidence interval, HR= Hazard ratio, OP+RCT=Operation+Radioche
motherapy, OP + RT=Operation+Radiotherapy, OP=Operation, RCT=Radiochemotherapy, RT=Radiotherapy, SCC=Squamous cell carcinoma,

ns=non-specified

In terms of therapy, most studies recommend radiother-
apy as the primary treatment method for advanced tumors
(Adams et al. 2021; Jhingran 2022), while our study shows
its limitations. Our analysis compares the OS of different
treatment options with the OS of OP plus RCT.

In the multivariable Cox-regression definitive radio-
therapy shows a significantly worse OS. However, this find-
ing may be explained by the advanced age of patients who
received RT: 53.1% were older than 80 years. Interestingly,
the adverse effect on OS persists after adjustment in the
multivariable analysis. Not only radiotherapy, but all other
treatment options also show a worse OS than surgery plus
RCT.

An American study by Rajagopalan et al. published in
2014, highlighted the significant impact of concomitant
radiochemotherapy over definitive radiotherapy, showing
better survival outcomes: the 5-year OS rate was improved
by 6.9% (Rajagopalan et al. 2014). The chemotherapeutic
agents most commonly used were cisplatin and 5-fluoroura-
cil (Kulkarni et al. 2022).

Strengths and limitations

This is the first study analyzing clinical cancer registry data
on vaginal carcinoma in Germany. This study has several
strengths, including a large cohort of 1325 patients from
15 German cancer registries and a long follow-up time of
22 years, allowing for comprehensive analysis of long-
term survival, recurrence patterns, and therapy-dependent
outcomes. However, it has its limitations, especially its
retrospective design which may result in selection and infor-
mation bias. A further limitation of our study is the absence
of certain prognostic factors, including tumor location, HPV
status, patient performance status, comorbidities, chemo-
therapy protocols, and radiation dose/fractionation. These
factors were not consistently documented in the registries
and could influence survival and recurrence outcomes.
Consequently, unmeasured confounding cannot be fully
excluded. In addition this study is based on German cancer
registry data and reflects national treatment and follow-up
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procedures. While generalization to other countries should
be done with caution, major prognostic factors such as age,
tumor size and nodal status are likely relevant beyond the
German healthcare system.

Conclusion

The presented data from the population-based and therefore
representative clinical cancer registries, which are based
on a large cohort and a 22-year follow-up period, provide
important information for the future treatment and follow-
up of vaginal cancer patients in Germany. Given the rarity of
vaginal cancer and the limited research available, our study
significantly contributes to the existing knowledge. In par-
ticular, the information on therapy-dependent survival will
improve the understanding of treatment outcomes in Ger-
many. This will allow more specialized treatment of vaginal
cancer, rather than treating it analogously to cervix or vulva
carcinoma. Prognostic factors for lymph node involvement
included age at diagnosis (<60 years), larger tumor size
and lymph vessel invasion. Independent prognostic factors
associated with poorer OS included older age at diagnosis,
positive nodal status and larger tumor size. The fact that
recurrence rates continue to rise after 5 years, underlines
the importance of long-term follow-up and raises the ques-
tion of whether follow-up frequency should be increased
after 5 years. Surgery combined with RCT provided the
best treatment outcomes compared to other therapies. The
recurring link between monotherapy and shorter overall sur-
vival, along with the less favorable outcomes observed with
definitive radiotherapy in certain subgroups, could serve
as a basis for generating new hypotheses. These observa-
tions highlight the importance of conducting prospective
studies to identify optimal treatment strategies and to more
precisely determine which patient subgroups may benefit
from specific therapeutic approaches. Therefore personal-
ized treatment approaches based on patient characteristics
(age, tumor size, lymph node involvement) are needed to
guarantee the best patient care. Our study has highlighted
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important prognostic factors and treatment options, con-
tributing to a better understanding of vaginal cancer and
improved patient care.
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supplementary material available at https://doi.org/10.1007/s00432-0
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