96 + S. Ohiraetal

support to the conclusion that AIP-based treatment planning is a
clinically acceptable approach for estimating the actual dose for lung
tumors, even when they are in close proximity to the diaphragm,
with its relatively large motion.

For OARs with small respiratory motion (spinal cord, esophagus
and heart), dose discrepancies between AIP and 4D plans were negli-
gible, but for those with large respiratory motion, dose discrepancies
were prominent. The planned dose to the lung tissue was significantly
higher than the actual dose. Because the treatment plan for AIP was
designed to deliver a sufficient dose to the PTV, which was generated
from the ITV with an additional margin, the volume of the lung on
the AIP plan scheduled for high-dose irradiation was larger than that
on the 4D plan. However, the dose discrepancy was limited and
appeared to be clinically insignificant. For the liver, bowel and
stomach, the doses estimated with the AIP plan were less than those
estimated with the 4D plan. These findings could be explained by the
fact that OARs included in the irradiated volume at the exhale phase
were greater in volume than those at the inhale phase. Due to the
blurred image quality, the shape of the organs contoured on the AIP
was more like that at the inhale phase than at the exhale phase.
Because the liver is considered to be a paralle]l organ, the dose dis-
crepancy may not be clinically significant. However, for organs with
lower tolerance for irradiation, such as bowel and stomach, underesti-
mation of the dose on the AIP plan could cause serious harm in
large-dose hypofractionated treatment. Therefore, we consider 4D
dose calculation to be essential for predicting the actual dose to such
organs. Otherwise, treatment with larger fraction number, e.g. 60 Gy
in 10 fractions, might be required to reduce the biological effect of
radiation for OARs.

A new radiotherapy modality of respiratory-gated VMAT could
offer a solution for predicting actual doses to the targets as well as
to the OARs. Gating irradiates the tumor only when it is in a given
location, that is when it is near the exhale phase with a duty cycle of
25-70% [18]. Therefore, treatment planning for a gated VMAT
does not require the AIP generated from full-phase image sets of
4DCT, and the optimization process can be carried out without
being affected by the lack of scatter contribution. Moreover, this
method would diminish the interplay effect on a target dose. The
resultant planned dose distribution would constitute an accurate
representation of the actual dose to a target and OARs. However,
gated VMAT is only available for a limited number of machines due
to the complexity resulting from repeated interruptions by the
gating signal during VMAT dose delivery. Real-time target tracking
with CyberKnife would be another solution for a moving target.
Chan et al. evaluated 4D dose distributions of CyberKnife and
VMAT in lung SBRT and concluded that CyberKnife had some
advantage over free-breathing VMAT in the treatment of tumors
showing large motion range and/or which are surrounded by mul-
tiple critical organs [19].

Recently, another approach for lung VMAT-SBRT planning has
been proposed by Wiant et al. [20]. In their phantom study, treat-
ment plans based on free-breathing image sets with the ITV set at
tumor density and the PTV minus ITV set to a density intermediate
between lung and tumor resulted in a reduction in beam modula-
tion and significantly higher gamma passing rates than the ones
based on AIP. Moreover, in their clinical study of five patients, the

tumor volume was covered by the prescription dose for all respira-
tory phases, and the normal lung irradiation was reduced. That
method might thus be a more effective approach than AIP for pre-
dicting the actual dose.

In conclusion, the phantom and clinical study presented here
demonstrated the feasibility of AIP-based VMAT-SBRT planning.
The AIP approach was found to be practical, and the dose discrep-
ancies between the AIP and 4D plans were clinically acceptable
(<3%). AIP could therefore constitute an approach to be recom-
mended for a moving target located in close proximity to a dia-
phragm. However, the AIP approach underestimated doses for
OARs with large respiratory motion. We thus consider 4D dose cal-
culation to be essential when such OARs are located near the irra-
diated target.
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Definitive radiotherapy for primary vaginal cancer: correlation between
treatment patterns and recurrence rate
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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.

Keywords: high-dose-rate brachytherapy; prophylactic pelvic irradiation; radiotherapy; vaginal cancer

INTRODUCTION role in the management of primary vaginal cancer, but there

have been no prospective randomized trials for this cancer

Vaginal cancer is rare, comprising only about 2% of all  [1]. Thus, analysis of institutional retrospective data is im-
gynecologic malignancies. Radiotherapy plays a significant  portant for obtaining a better understanding of patterns of
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This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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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 AND METHODS

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.

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

I 19 39

11T 7 14

v 3 6
Clinical N stage

NO 34 69

N1 15 31
Size, cm

<4 31 63

24 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

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.

Radiotherapy

All three hospitals had facilities for high-dose-rate (HDR)
brachytherapy with a '*?Iridium 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
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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 JCBT 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 (EQD,) 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
o/B =10 Gy. The equation used to calculate the EQD, was as

follows:

EQDZ = EQDZEBRT —+ EQDZbrachytherapy

= Nd(d + «/B)/(2 + a/B) + Ngds(dgs + o/B)/
(2+a/B),

where N is the fraction number for EBRT, d is the dose frac-
tion for EBRT, Ny is the fraction number for brachytherapy,
and dp 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 EQD, 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. A Cox 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 (ATMS Co., 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-1V 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 vs II/IV) and clinical N
stage (NO 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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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.

Correlation between total EQD, and recurrence
rate

Correlations between total EQD, 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 I or
higher, despite use of a relatively high dose (median EQD,
dose: 79 Gy). For enlarged lymph nodes, 11 cases (73%)
with good control of the tumor received a total dose of >50
Gy (median EQD, dose: 60 Gy), whereas all four cases with
recurrence received a total dose of <50 Gy. In FIGO Stage 1
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 EQD, 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 EQD, 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
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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 3-year DFS P 3-year LRC 4
% % : %
Age, years 0.114 0.207 0.846
<70 25 90 66 70
270 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
71 39 83 63 77
v 10 83 40 48
Clinical N stage 0.395 0.100 0.023
NO 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 3 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.

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

FIGO n MeanEQD, Median EQD, Range Percent
recurrence
(GYwp10) (GYosp10) (number)
Primary Overall 65 70 38-96 18 (9/49)
1 20 57 57 38-80 5 (1720)
1T 19 70 70 53-96 16 (3/19)
I-1v 10 73 79 44-90 50 (5/10)
Gross node  Overall 15 56 60 44-66 27 (4/15%)
Prophylactic  Overall 39 50 0-60 22 (11/49)
r 8 0 0 0 38 (38)
I 12 46 50 30-50 17 (2/12)
II 19 47 50 30-60 11 (2/19)
m-Iv 10 49 50 40-60 40 (4/10)

®All four cases with recurrence received a total dose of 50 Gy or less. "Prophylactic lymph

node irradiation was not

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 EQD, 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,

performed. EQD, =equivalent dose
FIGO = Federation of Gynecology and Obstetrics.

in 2-Gy fractions,

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 HI 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 EQD; of 79 Gy, and the rate of prophylactic
lymph node recurrence was also high (40%) with a median
EQD, 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 EQD, 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
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Table 4. Practice pattern and recurrence rate according to
tumor and patient characteristics

li?::;;lirtl;g Single modality
recurrence rate recurrence rate
% Number % Number P

Age, years

<69 29 (6/21) 75 3/4) 0.076

270 23 (3/13) 36 4/11) 0.476
Histological type

SCC 21 (6/30) 42 (5/12) 0.149

Others 75 3/-4) 67 (2/3) 0.809
FIGO stage

7 15 (4/26) 46 (6/13) 0.038

v 50 (4/8) 100 (2/2) 0.197
Clinical N stage

NO 18 (4122) 42 (5/12) 0.137

N1 33 (4/12) 100 3/3) 0.038
Size, cm

<4 17 (4/23) 43 (3/8) 0.241

>4 45 (5/11) 57 4/7) 0.629
Involvement of lower 1/3

No 19 421) 44 (4/9) 0.149

Yes 38 (5/13) 50 (3/6) 0.636

SCC =squamous cell carcinonma, FIGO = International

Federation of Gynecology and Obstetrics.

were treated with concurrent weekly cisplatin at a dose of
40 mg/m* for 5 weeks, Samant ez al. found 5-year OS and
PFES 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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ABSTRACT

The purpose of this study was to analyze the patterns of care and outcomes of patients with FIGO Stage I/1I cer-
vical cancer who underwent definitive radiotherapy (RT) at multiple Japanese institutions. The Japanese Radiation
Oncology Study Group (JROSG) performed a questionnaire-based survey of their cervical cancer patients who
were treated with definitive RT between January 2000 and December 2005. A total of 667 patients were entered in
this study. Although half of the patients were considered suitable for definitive RT based on the clinical features of
the tumor, about one-third of the patients were prescribed RT instead of surgery because of poor medical status.

© The Author 2015, Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Radiation Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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The RT schedule most frequently utilized was whole-pelvic field irradiation (WP) of 30 Gy/1S fractions followed
by WP with midline block of 20 Gy/10 fractions, and high-dose-rate intracavitary brachytherapy (HDR-ICBT) of
24 Gy/4 fractions prescribed at point A. Chemotherapy was administered to 306 patients (46%). The most
frequent regimen contained cisplatin (CDDP). The median follow-up time for all patients was 65 months (range,
2-135 months). The S-year overall survival (OS), pelvic control (PC) and disease-free survival (DES) rates for all
patients were 78%, 90% and 69%, respectively. Tumor diameter and nodal status were significant prognostic indica-
tors for OS, PC and DFS. Chemotherapy has potential for improving the OS and DFES of patients with bulky
tumors, but not for non-bulky tumors. This study found that definitive RT for patients with Stage I/II cervical

cancer achieved good survival outcomes.

KEYWORDS: cervical cancer, early stage, radiotherapy

INTRODUCTION

Several retrospective studies have reported favorable outcomes for
patients with cervical cancer who were treated with definitive radio-
therapy (RT), not only for early-stage, but also for advanced-stage
cancer [1-9]. One randomized clinical trial (RCT) found that there
was no significant difference in the overall survival (OS) of patients
treated with surgery and those treated with definitive RT [10]. After
the results of that RCT, the clinical practice guidelines of the National
Comprehensive Cancer Network (NCCN) recommended both
surgery and definitive RT as treatment modalities for patients with
resectable early-stage uterine cervical cancer [11, 12]. The RCT also
found significantly poorer outcomes for patients with bulky tumor
(diameter >4 cm) who underwent either surgery or definitive RT
[10]. Therefore, additional treatment is thought necessary for

patients with bulky tumors. Although several RCT's of neoadjuvant
' chemotherapy (NAC) followed by surgery versus surgery alone have
been performed, none demonstrated improved survival for the NAC
arm [13, 14]. Intermediate or high-risk pathological findings in the
surgical specimen are indications for adjuvant treatments such as
postoperative RT or concurrent chemoradiotherapy (CCRT) [11, 12].
However, increased incidence and grades of complications were
reported for patients treated with surgery followed by postoperative
RT [10]. On the other hand, several RCTs have demonstrated that
definitive CCRT improved survival compared with RT alone [15].
The effect was significant, especially for patients with FIGO Stage 1
or II uterine cervical cancer [15]. Based on these findings, it seems
reasonable to choose definitive RT or CCRT as the first treatment,
except for some surgical cases who would not need adjuvant RT/
CCRT.

The Japan Society of Obstetrics and Gynecology (JSOG) have
periodically conducted a nationwide clinical practice pattern survey of
uterine cervical cancer. Although the Japan Society of Gynecologic
Oncology (JSGO) guidelines have recommended either surgery or
definitive RT as treatments for early-stage cervical cancer [14], the
JSOG survey reported that only 7% of patients with Stage I cervical
cancer and 33% of patients with Stage II disease were treated with RT
or CCRT [16].

Most clinical data on RT for Stage I/II Japanese cervical cancer
patients have been derived from the experience of single institutions
with small numbers of patients. Additional evidence on the efficacy
and safety of RT for patients with early-stage cervical cancer is
needed before the use of RT for these patients will increase. In add-
ition, there is no available information on the use of RT for patients
with bulky disease, although treatment results from a prospective

multicenter study of RT for non-bulky disease have recently been
reported [17]. The objective of this retrospective study was to
analyze the treatment outcomes of a large number of patients with
early cervical cancer who were treated with RT at multiple Japanese
institutions.

MATERIALS AND METHODS
The Japanese Radiation Oncology Study Group (JROSG) sent a
questionnaire-based survey to 18 institutions that treated patients
with FIGO Stage I/II uterine cervical cancer between January 2000
and December 2005 using definitive RT. Data were sent back to the
data center at the Department of Medical Physics and Engineering,
Osaka University.

The study was approved by the institutional ethical committee
affiliated with the study chair (University of the Ryukyus). The ques-
tionnaire consisted of the following items: age, FIGO stage, indica-
tions for RT, pathology, maximum tumor diameter, lymph node
status, modalities used for evaluation, start and end date of external
beam radiotherapy (EBRT), total dose and dose per fraction of
EBRT (with or without midline block), dose rate of intracavitary
brachytherapy (ICBT), dose prescribing point of ICBT, total dose
and dose/fraction (fr) of ICBT, chemotherapy regimen and timing of
delivery (concurrent or not), starting date of chemotherapy, date of
recurrence, recurrence site, and date and site of adverse effects
(rectum, small intestine, bladder, other organs). The median follow-
up time of all patients was 65 months (range, 2~135 months).

The Kaplan-Meier method was used to derive estimates of the
08, pelvic control (PC), and disease-free survival (DFS) rate. For all
tests, P values <0.05 were considered statistically significant. The
tests for equivalence of the estimates of OS, PC and DFS consisted of
the Breslow and log-rank tests. Multivariate analysis was performed
using the Cox proportional hazards regression model. Adverse effects
that occurred 90 days or more from the start of treatment were
defined as late complications. Late complications were classified
according to the Radiation Therapy Oncology Group (RTOG) late
morbidity scoring criteria [18].

RESULTS
A total of 667 patients were entered in this study. Patients treated with
ICBT alone were excluded. Table 1 shows the number of patients
from each institution. Table 2 summarizes the characteristics of the
patients, focusing on the tumor. Although half of the patients were
considered suitable for definitive RT, based on the features of the
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Table 1. Participating institutions Table 2. Patient and tumor characteristics (n = 667)
Institution Number of patients ~ Characteristics n %
Natjonal Institute of Radiological Sciences 114 Median age (year): 63 (range: 24-95)
University of the Ryukyus 100 FIGO stage
Saitama Cancer Center 72 1A 1
Tohoku University 58 1B 199 30
Saga University 52 IB1 122 18
Kurume University 45 iB2 S1 8
Shizuoka Cancer Center Hospital 34 IB unknown 26 4
Kitasato University 31 IIA 87 13
Sapporo Medical University 27 1B 380 57
Hiroshima University 25 Pathology
Kyushu University 23 SqCC 612 92
Chiba University 22 Adeno + AS 46 7
Gunma University 18 other 9 1
Nagoya City University 17 Primary tumor diameter
Kansai Medical University 10 median (mm): 41 (range: 3-125)
Yamagata University 9 <4 cm 262 39
Kobe University 7 >4 cm 352 S3
St Marianna University 3 unmeasurable 53 8
Total: 667 667
Lymph node metastasis®
negative S12 78
tumor, about one-third of the patients were prescribed RT instead of .
. . positive 145 22
surgery because of age or poor physical condition.
Table 3 summarizes the details of RT and chemotherapy. The unknown 10 1
median total dose of EBRT without a midline block (MB) was o i .
30 Gy/1S fr (range, 0-65 Gy), and the median total dose with MB Indication for definitive radiotherapy:
was 20 Gy/10 fr (range, 0-50.4 Gy). The median total dose of ICBT Characteristics of the cancer 334 S0
at point A was 24 Gy/4 fr (range, 5-35 Gy for high-dose-rate [HDR] . . B
and 20-54 Gy for low-dose-rate [LDR]). The median overall treat- Unsuitable for surgery (e.g. poor physical condition) 239 36
ment time for RT was 47 days (range, 14-160). The most frequent Patient’s decision 47
chemotherapy was concurrent delivery of cisplatin (CDDP).
Other 47 7

The five-year OS, PC and DFS rates for all 667 patients were 78%
(95% confidence interval [CI], 75%-81%), 90% (95% CI, 88%-
93%) and 69% (95% CI, 66%-73%), respectively. Mortality included
113 patients who died of cervical cancer, and 45 patients who died of
other causes. Figure 1 shows the OS curves according to FIGO stage.
Table 4 shows the 5-year actuarial outcomes of various tumor-related
factors. Patients with adenocarcinoma and adenosquamous carcin-
oma had significantly poorer OS and DFS than patients with squa-
mous cell carcinoma, but there was no significant difference in PC.
Patients with bulky tumor (>4 cm) had significantly poorer OS, PC
and DES than those with non-bulky tumors. Patients with lymph
node metastasis had significantly poorer OS, PC and DFS than those

*Lymph nodes >10 mm in minimum diameter by computed tomography or magnetic
resonance imaging. SqCC = squamous cell carcinoma, Adeno = adenocarcinoma,
AS = ademosquamous carcinoma.

without nodal metastasis. Table S shows the 5-year actuarial out-
comes according to maximum tumor size and lymph node status.

For all 667 patients, no significant differences were observed in
the respective OS, PC or DFS of patients treated with RT alone
or those treated with chemoradiotherapy (S-year OS: 81% vs 76%,
P =0.14; 5-year PC: 89% vs 92%, P = 0.13; S-year DES: 81% vs 76%,
P=098).
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Chemotherapy was administered to 68% of patients with bulky
tumors (240 of 352) and 79% of lymph node metastasis patients
(114 of 14S). Chemotherapy was most frequently administered to
these high-risk patients concurrently with RT.

Table 3. Details of radiotherapy and chemotherapy

n %
Radiotherapy (n = 667)
EBRT
Whole pelvic field 622 94
Extended field 27 4
Small pelvic field* 10 1
Others or details not available 8 1
667
ICBT
HDR-ICBT 637 95
LDR-ICBT 24 4
No ICBT 6 1
Chemotherapy (n = 306)
Concurrent 268 88
Neoadjuvant 18 6
Adjuvant 2
Intra-arterial injection S 2
Details were not available 13 4

*Small pelvic field excluded the common iliac region. EBRT = external beam
radiotherapy, ICBT = intracavitary brachytherapy, HDR = high-dose-rate, LDR = low-
dose-rate.

Overall survival rate (%)

Table 6 summarizes the 5-year actuarial outcomes as a function of
tumor size/nodal status and treatment. Among the patients with bulky
tumors, OS and DFS were significantly better for patients treated with
chemotherapy than for those who did not undergo chemotherapy,
and there was no significant difference in PC between the two treat-
ment groups. For patients with non-bulky tumors, there were no sig-
nificant differences in OS, PC or DFS between the patients who were
treated with CCRT and those who received RT alone.

Among lymph-node—positive patients, OS was better for patients
treated with chemotherapy than for those who did not undergo
chemotherapy. There were no significant differences in the PC or
DFS between the two treatment groups. For patients without lymph
node metastasis, similar trends were observed. OS was better for
patients treated with chemotherapy than for those who did not
receive chemotherapy, and there were no significant differences in PC
or DES between the two treatment groups.

Table 7 summarizes the results of multivariate analysis of out-
comes according to prognostic factors. Administration of chemother-
apy had a significant impact on OS and DES, but there was no
significant impact on PC.

Recurrence developed in 159 of 667 patients as follows: 60
patients (9%) had pelvic recurrence alone, 86 patients (13%) had
distant metastases only, and 13 patients (2%) developed both pelvic
recurrence and distant metastases, The most frequent site of distant
metastasis was the extrapelvic lymph nodes. The rate and site of
metastases to lymph nodes were as follows: 52 patients (8%) had
para-aortic metastatic lymph nodes, 18 patients (3%) had scalene
nodes, 12 patients (2%) had mediastinal nodes, and 4 patients (1%)
had other nodes. Other sites of metastases were as follows: 35
patients (5%) had lung metastases, 16 patients (2%) had bone metas-
tases, 5 patients (1%) had liver metastases, and 4 patients (0.6%) had
brain metastases.

Late complications developed in 178 patients (27%). There were
35 patients (5%) who developed severe (Grade 3 or higher) compli-
cations. The 5-year severe complication rate was 5.5% (95% CI:
3.6%-7.9%). The details are shown in Table 8. LDR-ICBT had a sig-
nificant impact on the incidence of severe complications (P = 0.036).

00 05 10 % 20 25

30 35 40 45

Time after mdiation therapy (year)

Fig. 1. Overall survival curves of cervical cancer patients treated with definitive radiotherapy according to FIGO stage.
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Table 4. Five-year actuarial outcomes according to tumor-related factors (n = 667)

(n) OS (%) PC (%) DFS (%)
FIGO stage
IA 1 100 100 100
B 199
IB1 122 92 98 86
1B2 S1 84 96 77
IB unknown 26 65 91 61
IIA 87 76 89 68
B 380 74 88 65
P <0.001 P=0.003 P=0.001
Pathology SqCC 612 80 91 72
Adeno + AS 46 61 89 50
P=0.001 NS P=0.001
Maximum tumor diameter
<4 cm 262 83 93 75
>4 cm 352 75 88 65
P=0.02 P=0.01 P=0.004
Lymph node metastasis
Negative 512 82 92 75
Positive 14S 65 83 50
P <0.001 P <0.001 P <0.001

OS = overall survival, PC = pelvic control, DFS = disease-free survival, SqCC = squamous cell carcinoma, Adeno = adenocarcinoma, AS = adenosquamous carcinoma.

Table S. Five-year actuarial outcomes by tumor size/nodal status

n 0S (%) PC (%) DES (%)
Tumor size® Nodal status
Bulky Positive” 119 64 82 49
Bulky Negative 230 80 91 74
Non-bulky Positive® 23 68 90 56
Non-bulky Negative 237 84 94 77
P <0.001 P=0.003 P <0.0001

OS = overall survival, PC = pelvic control, DFS = disease-free survival, *Bulky = maximum tumor diameter >4 cm. bLymph nodes with minimum diameter >10 mm as
measured by computed tomography or magnetic resonance imaging.

Other factors (total dose of EBRT without MB, total dose and dose/ DISCUSSION
fr HDR-ICBT, administration of chemotherapy) did not have a sig-  To the best of our knowledge, this is the largest study (n=667) of
nificant impact on the incidence of severe complications. patients with early cervical cancer who were treated with definitive
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RT, mainly with HDR-ICBT. The standard Japanese RT schedule
achieved favorable survival rates and acceptable rates of complications
that were comparable with previous studies [1-9].

The JSOG survey reported that the S-year OS rates of patients
with Stage I cervical cancer who were treated with surgery or RT
were 93% and 80%, respectively, and the rates of Stage II patients
were 81% and 74%, respectively [16]. The S-year OS rates of our
Stage 1/II patients treated with RT were similar to the results of the
JSOG RT group, but poorer than the results of the JSOG surgery

Table 6. Five-year actuarial outcomes as a function of tumor
size/nodal status and treatment

n 0S (%) PC (%) DFS (%)
Tumor size
Bulky RT 112 60 86 56
(>4 cm) CRT 240 81 88 70
P=0.002 NS P=0.02
Non-bulky  RT 206 83 94 76
(<4 cm) CRT 56 81 90 72
NS NS NS
Nodal status
Positive® RT 31 43 77 36
CRT 114 71 85 54
P=0.062 NS NS
Negative RT 325 79 91 73
CRT 187 87 93 80
P=0016 NS NS

OS =overall survival, PC =pelvic control, DFS = disease-free survival, RT =
radiotherapy alone, CRT = chemoradiotherapy. “Lymph nodes with minimum
diameter >10 mm as measured by computed tomography or magnetic resonance
imaging.

group. Landoni et al. reported the results of their RCT, showing that
the S-year OS of Stage IB-IIA patients undergoing surgery was 83%,
which was equivalent to the survival of patients undergoing definitive
RT [10]. Selection bias might partially account for why the results of
our study were inferior to the JSOG surgery group. The JSOG survey
reported that >90% of Stage I patients and 67% of Stage II patients
were treated with surgery [16]. It may be that the JSOG RT patients
were mainly those who were unsuitable for surgery (poor general
physical condition, elderly, metastatic lymph nodes). Our study
might have had a similar selection bias. About one-third of our
patients were elderly and/or in poor physical condition; one-third of
the patients eventually died of other diseases.

A prospective study of definitive RT for patients with Stage I/1I
cervical cancer without bulky tumor or lymph node metastasis
demonstrated an excellent 3-year PC of 96% and a 3-year OS of 95%
[17]. In our study, the patients without bulky tumors and lymph
node metastasis achieved good OS compared with the JSOG patients
who underwent surgery. Even though they were treated with RT
alone, non-bulky tumor and/or node-negative patients achieved good
OS, PC and DFS. In contrast, our study patients with bulky tumors
and/or lymph node metastasis had poor OS and PC. RTOG9001, a
RCT of definitive CCRT, also included patients with Stage I/II cervical
cancer with bulky tumors (>5 cm) and/or lymph node metastasis, as
well as Stage III/IVA patients [19]. The outcomes of RTOG9001
were good for patients with Stage I/II disease treated with CCRT;
the S-year PC was 87% and the S-year OS was 79%.

Our study patients treated with CCRT achieved PC and OS,
similar to RTOG9001. We believe the fact that our outcomes were
inferior to those of the JSOG patients undergoing surgery might have
been accounted for by the low rate of chemotherapy administration
to our patients. In our study, only 70% of patients were treated with
chemotherapy, while the remaining patients did not receive chemo-
therapy even if they had bulky tumors and/or lymph node metastasis.
This lower rate of chemotherapy treatment for high-risk patients
might have adversely affected our outcomes, which were slightly
worse than the JSOG surgery patients. In our study, patients with
bulky tumors who were treated with chemotherapy achieved signifi-
cantly better OS and DFS compared with patients who did not
receive chemotherapy, and the same trend was observed for the
patients with metastatic lymph nodes. Our results indicate that

Table 7. Multivariate analyses for outcomes according to prognostic factors

0S (%) PC (%) DFS (%)
HR  95%CI p HR  95% CI P HR  95% CI p

Age (<63 vs >63) NS NS NS
FIGO Stage (IB1 vs IB2 vs ITAvs IIB) 14 1.2-1.7  0.0005 2.0 1.3-29  0.001 13 L.I-1.5  0.0003
Pathology (SCC vs Adeno/AS) 2.3 1.3-4.3 0.005 NS 2.3 14-39 0.0009
Tumor diameter (<4 cm vs >4 cm) NS NS NS
Lymph node status (negative vs positive) 2.1 1.4-3.1 0.0003 1.9 1.0-3.4 0.05 2.6 1.9-3.7 <0.0001
Administration of chemotherapy (no vs yes) 04 0.3-0.6 <0.0001 NS 0.6 0.4-0.8 0.0006

HR = hazards ratio, CI=confidence interval, OS = overall survival, PC = pelvic control, DFS = disease-free survival, Adeno = adenocarcinoma, AS =adenosquamous

carcinoma.



Table 8. Details of late complications* (n = 667)

Grade 1 Grade2 Grade3 Grade4 Total

n % n % n % n % n %

Proctitis 63 9 30 4 S5 1 2 03 100 15
3

Cystitis 14 2 20 3 3 04 04 40 6
Enterocolitis 12 2 17 3 8 1 2 03 39 6

Others w2 17 3 7 1 8 1 43 6

*Some patients had complications in multiple organs. Toxicity was judged by the
Radiation Therapy Oncology Group late morbidity scoring criteria.

chemotherapy did not provide additional improvement of local
control for Stage I/II patients, although OS and DES were improved
by chemotherapy. Based on these findings, although chemotherapy
acts as an RT sensitizer, we think that the predominant role of
chemotherapy for Stage I/1I patients is to prevent distant metastases.
Patients with bulky tumors and/or lymph node metastasis have been
regarded as being at some risk of distant micrometastasis; therefore,
we believe that it is important to administer chemotherapy if applic-
able. Prospective clinical trials of CCRT for Stage I/II cervical cancer
patients with bulky tumors and/or lymph node metastasis are war-
ranted. Because it is believed that patients in poor physical condition
or of advanced age may be poor candidates for chemotherapy, we
should also conduct trials that investigate suitable regimens for
elderly patients or those in poor physical condition. Mitsuhashi et al.
reported acceptable toxicity for low-dose CDDP for elderly patients
[20]. Several reports have shown that nedaplatin achieved good sur-
vival with acceptable toxicity [21, 22]. We think that conducting clin-
ical trials using similar less toxic regimens or drugs is valuable.

However, our patients with non-bulky tumors achieved good OS,
PC and DEFS, even though they were treated with RT alone. These
findings are consistent with the results of a prospective clinical trial
previously performed in Japan [17]. Taken together with our results,
the findings suggest that for patients with non-bulky tumors, RT
alone may be an adequate treatment for achieving good PC, OS
and DFS.

Our study had some limitations. Some patients in this study had
inadequate follow-up periods. This could be a critical flaw. If an
adequate follow-up had been achieved for all patients, the outcomes
might have changed. The JSOG’s annual survey for survival analysis
only includes patients from institutions with follow-up rates of >80%
for treated patients [16]. A national cancer registration system that
can achieve an adequate follow-up should be developed. Another
limitation was on the types of data collected in this study. Unfortu-
nately, we minimized the numbers of survey items to reduce the
workload of our collaborators. '

In conclusion, this study demonstrated that definitive RT for
patients with Stage I/II cervical cancer achieved excellent PC. The
results indicate that definitive RT can be considered the treatment of
choice for patients with early-stage cervical cancer. However, it was
difficult to compare the survival outcomes of our series directly with
the outcomes from surgical series because of the diversity of patient
backgrounds in our series. Prospective studies of definitive CCRT for
patients with bulky tumors and/or lymph node metastasis are

Definitive RT for Stage I/1I cervical CA  « 847
warranted. Moreover, for appropriate outcome reports, we suggest
that a national database of patients treated with RT in Japan should
be developed.
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Abstract

Background The area of nodal dissection should be modi-
fied by the location of the primary tumor in an individual
patient. The purpose of this study was to evaluate the effi-
cacy of lymph node dissection based on station by the loca-
tion of the primary tumor based on a multi-institutional
nationwide registry of esophageal cancer.

Methods The study group comprised 1295 patients who
underwent RO resection and three-field esophagectomy.
The Efficacy Index (EI) was calculated by multiplying the
incidence of metastases to a station and the 5-year survival
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rate of patients with metastases to that station, by tumor
location.

Results  There were 550 patients without nodal metastases
and 745 patients with them. In patients with upper tumors,
the Els of recurrent nerve nodes, cervical paraesophageal
nodes and supraclavicular nodes were highest. In patients
with middle tumors, the Els of recurrent nerve nodes, car-
diac nodes and lesser curvature nodes were highest, and the
Els of supraclavicular nodes and cervical paraesophageal
nodes were not negligible. In patients with lower tumors,
the Els of cardiac nodes, lesser curvature nodes and left
gastric artery nodes were highest, and the EIs of recurrent
nerve nodes were also high.

Conclusion The Els of certain node stations were dif-
ferent by location of the primary tumor. Node stations for
dissection should be modified by the location of the pri-
mary tumor. For upper and middle esophageal tumors, the
three-field approach is recommended. Dissection of the
upper mediastinum is recommended for patients with lower
esophageal tumors.

Keywords Esophageal cancer - Lymphadenectomy -
Metastasis - Survival - Classification

Introduction

The prognosis of esophageal carcinoma is determined by
the extent of the primary tumor and the lymphatic spread
of the disease. In addition to primary tumor resection,
removal of all potentially involved lymph nodes is essential
for achieving cure. In the present 7th UICC TNM classi-
fication [1] and the 7th AJCC Cancer Staging manual [2],
the regional lymph nodes are those in the esophageal drain-
age area from the paraesophageal nodes in the neck to the
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celiac axis nodes, irrespective of the site of the primary
tumor. In classifying N, grades are designated by group-
ing the number of involved regional nodes. The extent of
lymph node dissection in esophageal cancer surgery is esti-
mated by the number of resected regional lymph nodes,
irrespective of the area of dissection [2]. However, many
surgeons accept that the area of nodal dissection should be
modified according to the location of the primary tumor in
an individual patient.

In the Japanese Classification of Esophageal Cancer,
authorized by the Japan Esophageal Society, the lymph
nodes are designated by stations, and each station is clas-
sified into four grades (N1, N2, N3, N4) by the location of
the primary tumor [3]. N1-3 lymph nodes are defined as
regional nodes, and N4 lymph nodes are defined as distant
nodes. The extent of lymph node dissection is classified
into three grades (D1, D2, or D3) by the location of the pri-
mary tumor. Dissection of N1 and N2 lymph nodes (D2) is
recommended as the standard treatment for curable esoph-
ageal cancer. Dissection of N3 lymph nodes (D3) is con-
sidered for advanced situations but is not a required proce-
dure. Dissection of N1 lymph nodes (D1) is considered a
minimal procedure for early stage tumors and patients with
morbidity.

The purpose of this retrospective study was to evaluate
the efficacy of lymph node dissection by station based on
the location of the primary tumor, calculating the frequency
and patient survival of metastases to the station in patients
with thoracic esophageal carcinoma who underwent
esophagectomy with curative intent. This study was based
on a large, multi-institutional, nationwide registry of esoph-
ageal cancer maintained by the Japan Esophageal Society.
The appropriateness of the grading of lymph nodes accord-
ing to the present Japanese classification was verified.

Methods
Patients

A comprehensive registry of esophageal cancer in Japan
was established and has been maintained by the Registra-
tion Committee for Esophageal Cancer of the Japan Esoph-
ageal Society since 1976. Registration was not restricted to
patients who underwent surgery, but included patients who
underwent non-surgical therapy. All patient data, includ-
ing demographic characteristics, symptoms, clinical stage,
treatment features, and survival information, were col-
lected. Surgical features, pathological stage, and detailed
lymph node metastatic status were also collected for
patients who underwent surgery.

A total of 12,880 patients with primary esophageal car-
cinoma treated in 2001, 2002, and 2003 were registered in
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2008, 2009, and 2010, respectively, from 241 institutions
in Japan [4-6]. Of the 12,880 patients, 10,896 had primary
thoracic esophageal carcinoma, excluding cervical esopha-
geal cancer and Siewert type II and type III junction can-
cers [7]. Of the 5734 patients who underwent esophagec-
tomy, 5111 underwent RO resection, and the 623 patients
who underwent R1 and R2 resections were excluded
due to limited node dissection. Of the 5111 patients who
underwent RO resection. 1768 patients underwent three-
field esophagectomy [8, 9]. For the purpose of evaluating
the incidence of metastasis to all regional node stations
precisely, only the patients who underwent three-field
esophagectomy were selected. The cervical, mediastinal,
and abdominal lymph nodes were dissected. Since it was
based on a multi-institutional, nationwide registry, the
selection of patients and indications for three-field dissec-
tion depended on each institution and were not specified.
Of the 1768 patients who underwent three-field esophagec-
tomy for RO resection, information about the locations of
pathological metastatic lymph nodes was available for
1427 patients, and outcome evaluations were available in
1309 patients. Excluding 14 patients who received defini-
tive chemoradiotherapy and underwent salvage esophagec-
tomy, the total study group comprised 1295 patients who
underwent RO resection and three-field esophagectomy
from 155 institutions (Fig. 1).

Tumor classification

Pathological stages for all patients were re-assessed accord-
ing to the 10th edition of the Japanese Classification of
Esophageal Cancer [3] edited by the Japan Esophageal
Society. The clinical stage using the Japanese Classifi-
cation was not available in this registration database for
patients treated in 2001, 2002, and 2003. The Japanese

Comprehensive Registry of Esophageal Cancer in Japan, 2001/2002/2003
12880
|
Primary thoracic esophageal cancer
10896
|
Underwent esophagectomy
5734
I
Three-field dissection for RO resection
1768
1
Locations of pathologic metastatic node
1427
|
Prognostic evaluation

13|09 From 155 institutions

Excluding Salvage esophagectomy
1295

Fig. 1 Patient disposition chart



