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The purpose of this study was to determine the outcomes and optimal practice patterns of definitive radiother-
apy for primary vaginal cancer. Between 1993 and 2012, 49 patients were treated with definitive radiotherapy
for primary vaginal cancer in three hospitals. Of these, 15 patients (31%) had clinically positive regional
lymph node metastasis. A total of 34 patients (70%) received external beam radiotherapy with high-dose-rate
brachytherapy (interstitial or intracavitary), and 8 (16%) (with small superficial Stage I tumors) were treated
with local radiotherapy. The median follow-up was 33 months (range: 1–169 months). The 3-year overall
survival (OS), disease-free survival (DFS), and loco-regional control (LRC) rates were 83%, 59% and 71%,
respectively. In multivariate analysis, the histological type (P = 0.044) was significant risk factors for LRC.
In Federation of Gynecology and Obstetrics (FIGO) Stage I cases, 3 of 8 patients (38%) who did not undergo
prophylactic lymph node irradiation had lymph node recurrence, compared with 2 of 12 patients (17%) who
underwent prophylactic pelvic irradiation. For Stage III–IV tumors, the local recurrence rate was 50% and the
lymph node recurrence rate was 40%. Patients with FIGO Stage I/II or clinical Stage N1 had a higher recur-
rence rate with treatment using a single modality compared with the recurrence rate using combined modal-
ities. In conclusion, our treatment outcomes for vaginal cancer were acceptable, but external beam
radiotherapy with brachytherapy (interstitial or intracavitary) was needed regardless of FIGO stage.
Improvement of treatment outcomes in cases of FIGO Stage III or IV remains a significant challenge.
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INTRODUCTION

Vaginal cancer is rare, comprising only about 2% of all
gynecologic malignancies. Radiotherapy plays a significant

role in the management of primary vaginal cancer, but there
have been no prospective randomized trials for this cancer
[1]. Thus, analysis of institutional retrospective data is im-
portant for obtaining a better understanding of patterns of
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failure and for determining optimal treatment regimes for
radiotherapy. However, most retrospective studies have had a
limited number of patients and have used a variety of modal-
ities, schedules and total doses. Therefore, the optimal dose
and combinations of modalities are still poorly understood.
Here, we present a retrospective analysis of definitive

radiotherapy for primary vaginal cancer at our hospital (Osaka
University Hospital) and related hospitals (Osaka Rosai
Hospital and the National Hospital Organization Osaka
National Hospital). The goal of this study was to determine
the optimal treatment practice patterns for this disease by
evaluating the outcomes, toxicities, prognostic factors, and
correlations of recurrence rates with the extent of radiother-
apy and total dose.

MATERIALS ANDMETHODS

Patient characteristics
Between May 1993 and July 2012, 49 patients were treated
with definitive radiotherapy for primary vaginal cancer at
Osaka University Hospital, Osaka Rosai Hospital and the
National Hospital Organization Osaka National Hospital.
Patient characteristics and outcomes were obtained from
hospital records. For patients who were no longer being
followed up, we contacted them or their family by telephone.
Informed consent was obtained from all patients. The study
was approved by the institutional review board of Osaka
University Hospital.
Patient and disease characteristics are listed in Table 1. Of

the 49 patients, 21 (43%) were treated at Osaka University
Hospital, 16 (33%) at Osaka Rosai Hospital, and 12 (24%) at
the National Hospital Organization Osaka National Hospital.
Vaginal cancer occurring 5 or more years after complete re-
sponse of uterine cervical cancer was defined as primary
vaginal cancer, based on the definition of the International
Union Against Cancer. Therefore, four patients with a
history of uterine cervical cancer and five with a history of
pelvic irradiation were included in the study. Pretreatment
abdominal and pelvic computed tomography (CT) scans
were obtained for all patients, and a positive diagnosis was
made based on a lymph node short axis >10 mm. Of the 49
patients, 15 (31%) had clinically positive regional lymph
node metastasis. One patient had distant lymph node metasta-
sis (common iliac lymph node), but was treated with radical
intent. Chemotherapy was used for six patients (12%), in-
cluding concurrently with radiotherapy in two cases. The
other four patients received pre- or post-radiotherapy. All
cases treated with chemotherapy received platinum-based
regimens, including two patients given weekly cisplatin con-
currently with radiotherapy and four who received pre- or
post-radiotherapy with: (i) carboplatin and peplomycin; (ii)
pirarubicin, cisplatin and peplomycin; (iii) nedaplatin and
peplomycin; and (v) carboplatin and paclitaxel, respectively.

Radiotherapy
All three hospitals had facilities for high-dose-rate (HDR)
brachytherapy with a 192Iridium source. The treatment strat-
egy was almost the same in the three hospitals. Generally,
patients with small, superficial tumors (tumor thickness
<5 mm) were treated with local radiotherapy [brachytherapy
or external beam radiotherapy (EBRT)] alone. Other tumors
were treated with EBRT with brachytherapy, except in two

Table 1. Patient and disease characteristics

Characteristics n %

Age, years

<69 25 51

≥70 24 49

Histological type

Squamous cell carcinoma 42 86

Adenocarcinoma 6 12

Carcinosarcoma 1 2

FIGO stage

I 20 41

II 19 39

III 7 14

IV 3 6

Clinical N stage

N0 34 69

N1 15 31

Size, cm

<4 31 63

≥4 18 37

Location

Upper 2/3 30 61

Lower 1/3 11 22

Whole vagina 8 16

Chemotherapy

Yes 6 12

No 43 88

Radiotherapy

EBRT alone 8 16

ICBT alone 4 8

ISBT alone 3 6

EBRT + ICBT 9 19

FIGO = International Federation of Gynecology and Obstetrics,
EBRT = external beam radiotherapy, ICBT = intracavitary
brachytherapy, ISBT = interstitial brachytherapy.
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cases with a poor performance status. The initial 20–40 Gy
was delivered to the whole pelvis, and then pelvic irradiation
with a central shield was performed. If the tumor remained
large (tumor thickness >5 mm) at the time of brachytherapy,
HDR interstitial brachytherapy (ISBT) was performed instead
of HDR intracavitary brachytherapy (ICBT). The EBRT to
brachytherapy ratio and the total dose were determined on an
individual basis by each physician. EBRT was administered
to 42 patients (86%), including 41 with a primary lesion and
regional lymph node drainage defined by the primary lesion
location.
For primary tumors confined to the proximal two-thirds

of the vagina, the clinical target volume (CTV) for EBRT
included the areas of the obturator lymph nodes, external
and internal iliac lymph nodes, and common iliac nodes. For
tumors that had invaded the distal one-third of the vagina,
the area of the inguinal lymph nodes was included, in add-
ition to that of the pelvic lymph nodes. The planning target
volume (PTV) for EBRT was generated using a 10-mm
uniform expansion of the CTV. The prescribed doses of
EBRT were at the center of the PTV. The CTV for brachy-
therapy comprised the whole tumor (at the time of brachy-
therapy) plus 5 mm in all directions, except for the posterior
(rectal) margin. The posterior margin varied from 2 to 5
mm, depending on the distance to the rectal wall.
Prophylactic vaginal wall irradiation was not performed.
Measurement of the tumor thickness was carried out by pal-
pation and ultrasound.
HDR-ISBT was performed in 28 patients (57%) at a

median dose of 30 Gy in 5 fractions (range: 10–50 Gy in 2–
10 fractions). HDR-ICBT was performed in 13 patients
(27%) at a median dose of 30 Gy in 5 fractions (range: 10–
38 Gy in 2–6 fractions). The ICBT dose was defined at a
depth of 5 mm from the vaginal surface. In HDR-ISBT, the
planning system used was either PLATO or Oncentra
(Elekta, Stockholm, Sweden) was used in combination with
manual modification to ensure the 100% isodose line encom-
passed the CTV on every slice after computer optimization
using the geometrical optimization algorithm.
Practice patterns of radiotherapy are shown in Table 1.

Radiotherapy using EBRT alone, ICBT alone, ISBT alone,
EBRT + ICRT and EBRT + ISBT was performed in 16%,
8%, 6%, 19% and 51% of cases, respectively. Collectively,
radiotherapy using a single modality and combined modal-
ities was performed in 30% and 70% of cases, respectively.
To compare the combined dose of brachytherapy (ICBT or

ISBT) and EBRT with a single modality dose (brachytherapy
or EBRT alone), the total dose was calculated as the bio-
logically equivalent dose in 2-Gy fractions (EQD2) using the
linear quadratic model. The dose to the primary tumor was
the prescription dose of EBRT (excluding the fractions with
central shielding) plus the prescription dose of brachyther-
apy. The value used for assessing effects on the tumor was
α/β = 10 Gy. The equation used to calculate the EQD2 was as

follows:

EQD2 ¼ EQD2EBRT þ EQD2brachytherapy

¼ Ndðdþ a=bÞ=ð2þ a=bÞ þ NBdBðdB þ a=bÞ=
ð2þ a=bÞ;

where N is the fraction number for EBRT, d is the dose frac-
tion for EBRT, NB is the fraction number for brachytherapy,
and dB is the dose fraction for brachytherapy.
We divided the radiation field into three regions: primary

lesion, enlarged lymph nodes and prophylactic lymph nodes,
and evaluated the correlation between total EQD2 and recur-
rence rates in the respective regions. Recurrence was defined
as a tumor that recurred or persisted in the same region
(primary, obturator, external iliac, internal iliac, common
iliac or inguinal) after radiotherapy.

Statistical analysis
Overall survival (OS), disease-free survival (DFS) and loco-
regional control (LRC) rates were calculated from the start of
initial treatment. In evaluating LRC, common iliac LN recur-
rence was defined as regional recurrence. Rates were estimated
using the Kaplan–Meier method, and differences between fac-
tors were examined by log-rank test. ACox proportional hazard
model was used for multivariate analysis. P < 0.05 or a 95%
confidence interval (CI) of the hazard ratio >1.0 was considered
to indicate a significant difference. All statistical analysis was
performed using Stat Mate IV (ATMSCo., Ltd, Tokyo, Japan).

RESULTS

Outcome analysis
At the time of analysis, the median follow-up time of the 49
patients was 33 months (range: 1–169 months). The 3-year
OS, DFS and LRC rates were 83%, 59% and 71%, respectively
(Fig. 1A). According to FIGO stage, the 3-year OS for Stages
I, II and III–IV patients was 81%, 86% and 83%, respectively
(Fig. 1B), and the corresponding 3-year DFS was 60%, 65%
and 40%, respectively (Fig. 1C). Relationships among out-
comes, tumor types, and treatment factors are summarized in
Table 2. The histological type (P = 0.037) and FIGO stage
(P = 0.026) were significantly associated with DFS; and histo-
logical type (P = 0.028), FIGO stage (P = 0.019), and clinical
N stage (P = 0.023) were significantly associated with LRC. In
patients treated with brachytherapy, LRC did not differ signifi-
cantly between patients treated with ISBT and ICBT.
Multivariate analysis was performed with histological type
(SCC vs others), FIGO stage (I/II vs III/IV) and clinical N
stage (N0 vs N1), which were judged to be potential risk
factors in univariate analysis. In multivariate analysis, the histo-
logical type (HR = 3.82, 95% CI = 1.04–13.08, P = 0.044) was
a significant risk factor for LRC. OS showed no significant dif-
ferences between different tumor types and treatment factors.
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Correlation between total EQD2 and recurrence
rate
Correlations between total EQD2 doses to primary lesions,
enlarged lymph nodes and prophylactic lymph nodes with
tumor recurrence rates for lesions of different FIGO stages
are shown in Table 3. In primary lesions, recurrence clearly
increased for a primary tumor with a diagnosis of Stage III or
higher, despite use of a relatively high dose (median EQD2

dose: 79 Gy). For enlarged lymph nodes, 11 cases (73%)
with good control of the tumor received a total dose of >50
Gy (median EQD2 dose: 60 Gy), whereas all four cases with
recurrence received a total dose of ≤50 Gy. In FIGO Stage I
cases, three of eight patients (38%) who did not undergo

prophylactic lymph node irradiation had lymph node recur-
rence, compared with two of 12 patients (17%) who received
prophylactic pelvic irradiation (median EQD2 dose: 50 Gy),
but the difference was not significant (P = 0.29). The rate of
lymph node recurrence remained high (40%), even with
prophylactic irradiation, in all Stage III or IV patients
(median EQD2 dose: 50 Gy).

Practice patterns and recurrence rate
Practice patterns (single modality vs combined therapy) were
analyzed according to tumor or patient characteristics
(Table 4). Patients with FIGO Stage I/II or clinical N1 stage
had a higher recurrence rate in treatment with a single

Fig. 1. (A) Overall survival, disease-free survival, and loco-regional control rates after definitive radiotherapy for
vaginal cancer. (B, C) Overall survival and disease-free survival rates according to FIGO stage.
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modality compared with that with combined modalities.
However, all three patients with clinical N1 stage who had
recurrence had received EBRT alone as a single modality.
Additionally, these patients received ≤50 Gy to the enlarged
lymph node and subsequently had recurrence in the same
lesion. Age, histological type, tumor size and length of
vaginal invasion did not influence the recurrence rate in
either single or combined modalities.

Toxicities
Treatment-related late toxicity was evaluated using the
Common Terminology Criteria for Adverse Events ver. 4.0.
Six patients (12%) had Grade 3 late toxicities, including rec-
tovaginal fistula (n = 5) and perforation of the sigmoid colon
(n = 1). All of these patients were treated with ISBT, and two

had a history of radiotherapy for pelvic lesions. Patients with
previous pelvic irradiation had higher rates of Grade 3 com-
plications compared with those without previous pelvic ir-
radiation [2/5 (40%) vs 4/44 (9%), P = 0.04]. There were no
vaginal complications of Grade 3 or higher and no Grade
4–5 late toxicities.

DISCUSSION

The outcomes in the current study are similar to or better
than those in previous studies and showed 3-year and 5-year
OS rates of 39–63% and 21–57%, respectively, for patients
treated with HDR brachytherapy with or without EBRT
[2, 3, 5], and rates of 0–15.8% for serious late complications
[2–6 ]. However, the main reason for the better outcome may

Table 2. Univariate analysis of prognostic factors for OS, PFS and LRC in patients with
carcinoma of the vagina treated with definitive radiotherapy.

Characteristics n 3-year OS P 3-year DFS P 3-year LRC P

% % %

Age, years 0.114 0.207 0.846

<70 25 90 66 70

≥70 24 73 47 73

Histological type 0.591 0.037 0.028

SCC 42 88 66 77

Others 7 50 19 38

FIGO stage 0.687 0.026 0.019

I/II 39 83 63 77

III/IV 10 83 40 48

Clinical N stage 0.395 0.100 0.023

N0 34 84 65 80

N1 15 82 47 53

size, cm 0.477 0.582 0.117

<4 31 82 59 77

≥4 18 85 58 62

Involvement of lower 1/3 0.976 0.831 0.280

NO 30 85 59 77

YES 19 81 58 62

Chemotherapy 0.268 0.657 0.764

NO 43 85 58 72

Yes 6 67 63 63

Brachytherapy 0.555 0.258 0.075

YES 41 84 61 76

NO 8 67 50 50

OS = overall survival rate, DFS = disease-free survival rate, LRC = loco-regional control rate,
SCC = squamous cell carcinoma, FIGO = Federation of Gynecology and Obstetrics.
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be the shorter median follow-up period of 33 months in the
current study.
The varying outcomes for the three hospitals and the lack

of a pre-specified protocol were significant limitations in the
analysis and interpretation of outcomes. To overcome these
limitations and to compare the combined total dose in
several different modalities and the extent of the radiation
field, we calculated the total dose as an EQD2 dose using the
linear–quadratic model. We also divided the radiation field
into three regions (primary lesion, enlarged lymph nodes,
and prophylactic lymph nodes) and then evaluated the re-
spective recurrence rates. Additionally, practice patterns
(single modality vs combined therapy) were analyzed accord-
ing to tumor or patient characteristics.
Patients with FIGO Stage I/II had a higher recurrence rate

in a single modality. Additionally, among Stage I patients,
40% received radiotherapy for the primary lesion alone
without prophylactic lymph node coverage. In cases without
prophylactic lymph node irradiation, the recurrence rate in
the prophylactic lesion tended to be higher, compared with
cases with pelvic node irradiation (38% vs 17%) (P = 0.29).
In a study of 21 FIGO Stage I patients treated with local radi-
ation only (without regional node coverage), Frank et al. [10]
found that three of nine patients (33%) treated with brachy-
therapy alone developed recurrent disease in the pelvis,
whereas patients who had received EBRT with or without
brachytherapy did not have pelvic recurrence. Collectively,
these findings indicate that the optimal radiation practice is
EBRT with brachytherapy (interstitial or intracavitary) re-
gardless of FIGO stage. Patients with clinical N1 stage had a
higher recurrence rate after treatment with a single modality,

and all three patients with clinical N1 stage who had recur-
rence had received EBRT as a single modality. These
patients received ≤50 Gy to the enlarged lymph node and
had recurrence in the same lesion. These data indicate that re-
currence in these patients was due mainly to a suboptimal
EBRT dose to enlarged lymph nodes, and not to the practice
pattern.
Improvement of treatment outcome in cases of FIGO

Stage III or IV vaginal cancer remains a significant chal-
lenge. In previous studies, 5-year OS rates for patients with
Stage III disease have ranged from 4% to 58% [2, 3, 15], with
LRC rates of 57% to 69% [2,9,10]. The outcome for Stage
IV disease is even worse, with survival rates of 0% to 35%
[2, 3,15].
In this study, the local recurrence rate was very high (50%)

with a median EQD2 of 79 Gy, and the rate of prophylactic
lymph node recurrence was also high (40%) with a median
EQD2 of 50 Gy for Stage III–IV tumors. The total dose for
the primary lesion or prophylactic lymph node may be con-
sidered as the upper limit for normal tissue. However, 3D
image-based HDR brachytherapy has recently been used in
cervical cancer. Therefore, these results using EQD2 of the
prescribed dose require verification in studies using image-
based brachytherapy.
For achievement of higher LRC, concurrent chemoradia-

tion (CCRT) therapy has been attempted for locally
advanced disease. In a study of 14 patients with vaginal
cancer [including 11 (71%) with Stage II or III disease] who
received CCRT with a 5-FU-based regimen, only one patient
had local recurrence and died of the disease [16]. In a review
of 12 patients with vaginal cancer in Stages II to IV who

Table 3. Correlation between total EQD2 dose and tumor control according to FIGO stage

FIGO n Mean EQD2 Median EQD2 Range Percent
recurrence
(number)(Gyα/β10) (Gyα/β10)

Primary Overall 65 70 38–96 18 (9/49)

I 20 57 57 38–80 5 (1/20)

II 19 70 70 53–96 16 (3/19)

III–IV 10 73 79 44–90 50 (5/10)

Gross node Overall 15 56 60 44–66 27 (4/15a)

Prophylactic Overall 39 50 0–60 22 (11/49)

Ib 8 0 0 0 38 (3/8)

I 12 46 50 30–50 17 (2/12)

II 19 47 50 30–60 11 (2/19)

III–IV 10 49 50 40–60 40 (4/10)

aAll four cases with recurrence received a total dose of 50 Gy or less. bProphylactic lymph
node irradiation was not performed. EQD2 = equivalent dose in 2-Gy fractions,
FIGO = Federation of Gynecology and Obstetrics.
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were treated with concurrent weekly cisplatin at a dose of
40 mg/m2 for 5 weeks, Samant et al. found 5-year OS and
PFS rates of 66% and 75%, respectively [17]. These findings
led to the conclusion that CCRT is feasible and effective for
management of primary vaginal cancer and should be con-
sidered as an option for patients being treated with curative
intent [17].
Despite these promising outcomes in patients with vaginal

cancer treated with CCRT, a randomized trial comparing ra-
diation alone with radiation plus chemotherapy has not been
performed in vaginal cancer. Additionally, many retrospect-
ive studies of CCRT for primary vaginal cancer are limited
by the small number of patients or inclusion of other cancers,
such as cervical and vulvar cancers. Therefore, further
studies are needed to clarify the potential therapeutic benefits
of CCRT. However, the design and execution of prospective
randomized trials is challenging because of the rarity of this
disease. In this study, the treatment and outcomes for vaginal
cancer were acceptable, but EBRT with brachytherapy (inter-
stitial or intracavitary) was needed regardless of FIGO stage.

Thus, improvement of treatment outcome in cases of FIGO
Stage III or IV remains a significant challenge.
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