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Background: The current study was designed to evaluate the clinical outcomes of curative
intent radiation therapy for young patients with invasive uterine cervical carcinoma in Japan.
Methods: One hundred and eighteen patients aged <40 were registered in the multi-institu-
tional study of the Japanese Society of Therapeutic Radiology and Oncology (JASTRO) from
26 major institutions in Japan. The age range was 2439 years and the maximum tumor
diameter was 2.0-9.2 cm. The International Federation of Gynecology and Obstetrics clinical
stages were Ib, lla, lib, Illa, llib and IVa in 17, 6, 40, 2, 50 and 3, respectively. Curative intent
radiation therapy consisted of the combination of external beam radiation therapy and high-
dose rate intra-cavitary brachytherapy. The total dose of external beam radiation therapy
ranged between 44 and 68 Gy. Both the median and mode of total high-dose-rate intra-cavi-
tary brachytherapy dose to point A were 24 Gy in four fractions. Ninety-six patients (58%)
received chemotherapy.

Results: The 5-year overall survival rate and local control rate of all patients were 61 and
65%, respectively. The 5-year overall survival rates of International Federation of Gynecology
and Obstetrics Stage Ib, lla, lib, llia, llib and IVa were 88, 100, 75, 100, 37 and 0%, respect-
ively. The 5-year local control rates of International Federation of Gynecology and Obstetrics
Stage Ib, lla, llb, llla, lllb and [Va were 82, 75, 75, 100, 51 and 0%, respectively. Sixteen
patients experienced grade 3 or greater late radiation morbidity.

Conclusions: The 5-year overall survival rate of young patients with Stage llib was compara-
tively low at 37%.
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548 RT for young patients with cervical carcinoma

INTRODUCTION

The incidence of cervical carcinoma has tended to increase
since the late 1990s, especially among young women (1).
Many earlier reports demonstrated a poorer prognosis in young
women (2), while some studies indicated no difference or a
better prognosis for young patients (3). Therefore, it remains
controversial whether young patients with invasive cervical
carcinoma have a poorer prognosis than older women.
Research has suggested that the prognosis of the younger age
group is worse than that of the older age group (4).

It is reported that convalescence is bad for the young
fellow uterine cancer, but a radiation therapy method and a
dose of radioactivity to use and the combination therapy are
the same as other age groups. -

It has been reported that prognosis is bad for the young
patients with uterine cervical cancer, but a radiation therapy
method and a total irradiated dose to use and the combin-
ation therapy are the same as other age groups. Therefore,
the possibility that biological properties were different was

Table 1. Patient characteristics

Number

Age (years) 24-39 (median: 34.5)

Histopathological type

Squamous cell carcinoma 105 89%
Adenocarcinoma 7 6%
Adenosquamous 3 3%
Others 3 3%
FIGO stage
Ib 17 14%
iz 6 5%
b 40 34%
IIla 2 2%
IIib 50 42%
Iva 3 3%
Pelvic lymph node metastasis
Without 73 62%
With 45 38%
Para-aortic lymph node metastasis
Without 109 92%
With 9 8%

Maximum tumor diameter {mm) 20-92 (median: 55)

Treatment method

CRT 96 81%
CCRT 69 58%
Radiotherapy alone 22 19%

CRT, chemoradiotherapy; CCRT, concurrent chemoradiotherapy; FIGO,
International Federation of Gynecology and Obstetrics.

suggested. Each past report is around dozens of cases, and
this study is the largest. As for the report in the well-
organized case of young patients with cervical cancer, the
trial of this national investigation may discover a new fact as
never before in Japan.

The aim of this study was to examine the outcomes in
young (age <40 years) woman with invasive cervical cancer
treated in Japan.

PATIENTS AND METHOD
PATIENT INFORMATION

Patients <40 years of age with cervical carcinomas treated
from 2000 to 2005 in the multi-institutional study of Japanese
Society of Therapeutic Radiology and Oncology (JASTRO)
chaired by Niibe Y. MD, from 26 major institutions in Japan
were retrospectively reviewed (Table 1). Carcinoma in situ of
the cervix was not registered, and only cases of invasive cer-
vical cancer were included in the study. The clinical staging
was based on the International Federation of Gynecology and
Obstetrics (FIGO) classification.

RADIOTHERAPY

Curative intent radiation therapy was given with a combin-
ation of external beam radiation therapy (EBRT) and high-
dose rate intra-cavitary brachytherapy (HDR-ICBT).
HDR-ICBT was performed with iridium-192 applications.
The median total dose of EBRT was 50.4 Gy (range: 44—
68 Gy). EBRT was directed at whole pelvis before inserting
a midline block using AP/PA parallel opposed or a 4-field
box with >10MV. The para-aortic node region was
included in EBRT fields for para-aortic node positive
patients. The median dose per fraction was 2.0 Gy (range:
1.8-2.0 Gy). The median dose to the whole pelvis without a
midline block was 30.6 Gy (range: 0—51.3 Gy). The median
remaining dose of EBRT with a midline block as a boost
was 19.8 Gy (range: 10.8—51.3 Gy). The median total dose
of HDR-ICBT to point A was 24 Gy (range: 12—48 Gy).
The median dose per fraction to point A was 5.7 Gy (range:
4.0—7.5 Gy). The median biological effective dose (BED)
was 76.8 Gyg (range: 45.82—96.0 Gyq) (/B is 10) in the
central area. In T3b, the median BED was 80.2 Gy, (range:
64.5-96.0 Gy ).

The tandem length was 5—6 cm from the external uterine
orifice. No interstitial implantation was used in this multi-
center study. It does not mean that young patients were
excluded from this report because of an interstitial implant-
ation technique.

CHEMOTHERAPY

Chemotherapy was administered to 96 patients. Out of them,
69 patients received concurrently. Other 27 patients received
chemotherapy before RT. It decided on different policies at
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each institution. In all case, platinum-based chemotherapy
was carried out. The number of patients who underwent
chemotherapy was 11 in stage Ib, 5 in stage Ila, 35 in stage
IIb, | in stage IITa, 41 in stage I1Ib and 3 in stage [Va.

STATISTICAL ANALYSIS

The Kaplan—Meier method was used for the estimation of
overall survival and local control rate. The times for survival
were calculated from the start of any therapy for cervical
cancer. Statistical analyses were performed using SAS
version 9.0 software (SAS Institute, Inc., Cary, NC). A
P value of <0.05 was considered significant. All tests were
two-sided. ) :

Both acute and late complications were graded in accord-
ance with the Common Terminology Criteria for Adverse
Events (CTCAE) Version 4.0.

RESULTS
PATIENTS

We registered 118 patients <40 years of age treated between
2000 and 2005 in this multi-institutional study. The median
age was 34.5 years old (range: 24—39 years old). The
median maximum tumor diameter was 5.5 cm (range: 2.0—
9.2 cm). In most patients (104 cases), the histopathological
type was a squamous cell carcinoma. The number of FIGO
clinical Stages Ib, Ila, IIb, 1lla, IITb and IVa was 17, 6, 40,
2, 50 and 3. Forty-five patients had pelvic lymph node me-
tastasis and 9 patients had para-aortic lymph node metasta-
sis. Computed tomography and MRI and/or PET were used
for nordal evaluation.

The proportion of pelvic lymph node metastasis of
patients with Stages IIb, IIIb and IVa was 48% (19 of 40
cases), 46% (23 of 50 cases) and 67% (2 of 3 cases), re-
spectively. The median maximal tumor size of patients with
Stages IIb, IIIb and I'Va was 5.2 cm (range: 3.7-8.2 cm),
5.8 cm (range: 2.0—9.2 cm) and 7.5 cm (range: 6.0—7.5 cm).

SURVIVAL

The median follow-up of 76 survivors was 48 months, with
a range of 2—100 months until the last follow-up date of 10
December 2008. Of the living patients, six have recurrent
disease. Sixty-six patients have no evidence of disease
relapse and are still alive. Thirty-seven patients died of cer-
vical cancer and five patients died of other diseases. As for
the cause of death of the five patients, unidentified sudden
death, acute asthma, cerebral hemorrhage and chronic heart
failure were by for each one person.

The 5-year overall survival rate and local control rate of
all patients was 61.1 + 4.8 and 64.7 + 4.6%, respectively.
The 5-year overall survival rates of FIGO Stages Ib, Ila, ITb,
IITa, IITb and IVa were 88.2 + 7.8, 100, 75.3 + 7.2, 100,
36.7 £+ 7.5 and 0%, respectively (Fig. 1). The 5-year local
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control rates of FIGO Stages Ib, IIa, IIb, IlIa, IIIb and IVa
were 81.6 + 9.6, 75.0 +21.7,75.2 + 7.3, 100, 51.3 + 7.4
and 0%, respectively (Fig. 2).

Out of 36 patients with local recurrence, 25 (69%)
received chemotherapy, and the median total treatment time
of RT was 48 days (range: 3775 days). On the other hand,
out of 82 patients without local recurrence, 70 patients
(85%) received chemotherapy and median total treatment
time of RT was 48 days (range: 1182 days).

PATTERNS OF FAILURE

Loco-regional disease within the radiation field persisted in
six patients (five patients were Stage I1Ib and one patient
was Stage IIb). Half of them had adenocarcinoma. With the
exception of those 6 patients, the first site of recurrence was
uterine cervix in 13 patients, pelvic lymph nodes in 7
patients, both uterine and pelvic lymph nodes in 7, parame-
trium in 1 patient, per-rectal in 1 patient, lung in 3 patients,
and liver in 1 patient. No isolated para-aortic lymph node
recurrences were seen.

Stages iz &lila

e

mm
Wonths.

Figure 1. Overall survival curves by FIGO stages.
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Figure 2. Local disease-free survival curves by FIGO stages.
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550 RT for young patients with cervical carcinoma

Toxicrry

Number of cases with toxicity was shown in Table 2. Late
urinary, rectal and small-intestinal morbidities grade >3 oc-
curred in 3 patients, 5 patients and 9 patients, respectively.
Late lower-limb edema grade >3 was one patient.

DISCUSSION

In Japan, uterine cervical cancer increases rapidly in their
20s. This retrospective study was designed to evaluate the
prognosis of young women with cervical carcinoma in
Japan. This retrospective study was certified by the Japanese
Society of Therapeutic Radiology and Oncology (5). The
5-year overall survival rates of FIGO Stages Ib, Ila, IIb, IlIa,
I1Ib and IVa in our study were 88, 100, 75, 100, 37 and 0%,
respectively. We think that it is valuable to examine younger
patients with cervical cancer, even though this is a retro-
spective study by a single arm without the control arm (ap-
propriate comparative object). Although there are several
previous studies examining the clinical outcome in young
patients with invasive cervical cancer from abroad, this is
naive in the country of Japan as for the report of RT results
of the young fellow. There is more number of cases in our
study than other studies including the foreign countries.
Earlier reports (2, 6) demonstrated that young patients with
cervical cancer have a poorer prognosis than older patients.
However, some reports (7—10) indicate that the prognosis by
FIGO stage at diagnosis is worse in older aged women than
young women. In this way, the effect of age on survival is
variable. In our population, patients with stage IIIb and IVa
had a worse outcome than those with stage I to II disease
that is trivial.

Table 2. Number of cases with toxicity

Grade 1 Grade 2 Grade 3 Grade 4
Acute
Hematological toxicity 2 2 22 3
Fever 0 0 3 0
Proctitis 6 5 3 2
Dermatitis 6 0 0 0
Urinary tract 4 0 3 0
Late
Pelvic fracture 0 0 0 0
Rectal and sigmoid 0 0 0 0
Vagina 0 0 0 0
Small intestine 4 2 9 0
Cystitis 2 1 4 0
Infection 0 0 1 0
Lower-limb edema 3 1 1 0

In 2010, Kokawa et al. (7) in the Kinki District in Japan
reported that the prognosis trends were better in younger
women than in older patients, especially in Stage III disease.
The S-year survival rate of 441 young women aged <35
years in their study (7) was 95% for Stage I disease, 73% for
Stage II, 68% for Stage III and 19% for Stage IV. Although
our outcome in stages I and II was nearly equal to this,
stages III and IV were inferior to this. However, 418 among
441 young patients (95%) were treated with surgery and only
4 patients with CRT and 9 patients with RT-alone were
included in the study (7).

In Japan, the 5-year OS of all ages was FIGO Stage Ib =
88%, II = 69%, Illb = 56% and [Va = 21% in 1148 patients
treated with a combination of EBRT and HDR-ICBT from
1968 to 1986 (11). According to some retrospective studies
in Japan, 5-year OS of FIGO Stages III and IVa was 77 and
43% (12) and 52 and 34% (13). In a French Cooperative
Group study of 1875 patients who received RT according to
Fletcher’s guidelines, Barillot et al. (14) reported a 5-year
survival rate of 45% in patients having stage IIIb tumors.
The FIGO annual report (15) showed that 5-year survival
rates for Stages IB, IIB, IIIB and IVA patients treated from
1993 to 1996 were 90.3, 73.4, 64.3 and 20.0%, respectively.
Clinical outcomes of FIGO Stages I-II (5-year OS: 88% in
Stage Ib, 100% in Stage IIa and 75% in Stage IIb) were
equivalent to the Japanese standard treatment results of all
ages. However, clinical outcomes of FIGO Stages IIIb and
IVa (5-year OS: 37% in Stage IIIb and 0% in Stage IVa)
were lower than those of all ages.

In Japan, 30 years’ experience with the use of HDR-ICBT
with EBRT for locally advanced uterine cervical carcinoma
suggests that the BED of 67 to 86 Gy is an acceptable dose
as stated in the Patients and Methods section, and this is
recognized as the community standard dose (11). The
American Brachytherapy Society recommends HDR-ICBT
dose of 100—108 Gy,q for locally advanced uterine cervical
carcinoma (16), much higher dose than that generally used
in Japan. We also used a lower dose than generally recom-
mended/used for tandem and ovoid brachytherapy in Europe
and the USA (i.e. 6 Gy x 5 fractions or 7 Gy x 4 fractions).
The EBRT and the brachytherapy in this study do not reflect
the modern method of European practice (17). In phase II
JCOG 1066 study of concurrent chemoradiation with
HDR-ICBT in patients with locally advanced (FIGO stages
III-IVA) uterine cervical cancer, Toita et al. (21) reported
efficacy and toxicity of a low cumulative radiation dose
schedule. They demonstrated that CCRT using HDR-ICBT
with a low cumulative RT dose schedule, in which the cu-
mulative linear quadratic equivalent dose (EQD2) was 62—
65 Gy prescribed at point A, achieved comparable outcome
as those achieved with global dose schedules (EQD2 =
85 Gy) with a lower incidence of late toxicity for locally
advanced uterine cervical cancer in a Japanese population of
72 patients. However, the lower radiation doses in this study
may contribute to the poor results of FIGO Stages IIIb
or IVa.
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In Japan, young patients tended to be more willing to
undergo surgery. In Japan, a report in 2005 demonstrated
that the population of primary treatment including surgery
was 79 of 719 (11%) for Stage II1. In Kokawa’s cases aged
<35, primary treatment including surgery was 6 of 11
(54.5%) women for Stage III (7). Therefore, it is possible
that the distribution of treatment methods affects the poorer
prognosis observed in our young patients with FIGO Stages
IIIb and IVa. In other words, in Japan, definitive radiother-
apy might be performed for Stages I1Ib and IVa cases with
relative poor prognosis since radical surgery is selected for
better prognosis. Japanese patients may have a higher rate of
surgery for advanced stage disease than elsewhere, although
surgery in not recommended for stage III or IV patients by
the treatment guideline for the cervical cancer in 2011
edition by Japan Society of Gynecologic Oncology. As such
the advanced stage cases treated with definitive RT may rep-
resent a population with a worse outcome than elsewhere.
The experts of each institution talk about the treatment
methods (RT or surgery) and decide it.

In our study, no isolated para-aortic lymph node recur-
rence was seen. According to Niibe et al. (18), of the 3137
patients with uterine cervical carcinoma in staged JA—IVA
in 12 Japanese hospitals between 1994 and 2003, 2.1%
experienced recurrence in isolated para-aortic lymph nodes
and isolated para-aortic lymph node recurrence was better
prognosis than the other site (19—20). The first recurrent site
was within the pelvis in 35 patients including local residual
case and distant metastasis in four patients in our study.

However, this study has also some limitations. First, the
power of this study may be poor because it involved only
118 patients in a retrospective setting. Especially, FIGO
Stages Illa and IVa were only two and three patients, re-
spectively. Secondly, we collected eligible cases from 26
institutions in Japan. Therefore, radiation dose, with or
without combined chemotherapy, chemotherapy regimen,
follow-up method or salvage therapy after recurrence were
not uniform. Although the patients with stages III and IV
disease have a BED of 80.2 Gy to Point A, it is recom-
mended in patients with bulkier disease such as IIIB and IV
that, perhaps, dose be increased beyond that which was
achieved in the multicenter study. The increase in dose may
have improved the results of the stage III or IV patients inde-
pendent of their age.

CONCLUSIONS

Although clinical outcomes of young patients with FIGO
Stages I-II were equivalent, Stages IIIb and IVa were lower
than the Japanese standard treatment results of all ages.
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Abstract

Background: To investigate the three-dimensional (3D) distribution patterns of clinically metastatic (positive) lymph
nodes on pretreatment computed tomography (CT)/magnetic resonance imaging (MRI) images of patients with
locally advanced cervical cancer.

Methods: We enrolled 114 patients with uterine cervical cancer with positive nodes by CT/MRI (210 mm in the
shortest diameter). Pretreatment CT/MRI data were collected at 6 institutions. The FIGO stage was IB1 in 2 patients
{29%), 1B2 in 6 (5%), A in 3 (3%), IIB in 49 (43%), llIB in 50 (44%), and IVA in 4 (4%) patients. The median cervical
tumor diameter assessed by T2-weighted MRl was 55 mm (range, 10-87 mmy). The anatomical distribution of the
positive nodes was evaluated on CT/MRI images by two radiation oncologists and one diagnostic radiologist.

Results: In these patients, 273 enlarged nodes were assessed as positive. The incidence of positive nodes was
104/114 (91%) for the obturator region, 31/114 (27%) for the external iliac region, 16/114 (14%) for the internal iliac
region, 22/114 (19%) for the common iliac region, and 6/114 (5%) for the presacral region. The external iliac region
was subdivided into four sub-regions: lateral, intermediate, medial, and caudal. The obturator region was subdivided
into two sub-regions: cranial and caudal. The majority of patients had positive nodes in the cranial obturator and/or
the medial external iliac region (111/114). In contrast, few had positive nodes in the lateral external iliac, caudal
external iliac, caudal obturator, internal iliac and presacral regions. All cases with positive nodes in those low-risk
regions also had positive nodes in other pelvic nodal regions concomitantly. The incidence of positive nodes in the
low-risk regions/sub-regions was significantly related to FIGO stage (p=0.017) and number of positive nodes
(p<0.001).

Conclusions: We demonstrated the 3D distribution patterns of clinical metastatic pelvic lymph nodes on
pretreatment CT/MRI images of patients with locally advanced cervical cancer. These findings might contribute to
future individualization of the clinical target volume of the pelvic nodes in patients with cervical cancer.

Keywords: Radiotherapy, Lymph node, Clinical target volume, Uterine cervical cancer
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Background

Radiotherapy plays very important roles in the treatment
of uterine cervical cancer. Definitive radiotherapy for
cervical cancer consists of external beam radiotherapy
and intracavitary brachytherapy. Recently, external beam
radiotherapy techniques have advanced considerably, as
have those for intracavitary brachytherapy. Treatment
planning for uterine cervical cancer has transitioned
from a two-dimensional (2D) approach based on bony
landmarks to a three-dimensional (3D) technique based
on computed tomography (CT)/magnetic resonance im-
aging (MRI). Intensity-modulated radiotherapy (IMRT)
has been proven to have a significant dosimetric advan-
tage and less toxicity compared with conventional 2D/
3D treatment planning for various malignancies, includ-
ing gynecologic cancers [1]. It is essential to define the
proper clinical target volume (CTV) for appropriate de-
livery of IMRT. Guidelines that provide a standard defin-
ition of CTV nodes are now published by the Radiation
Therapy Oncology Group (RTOG) [2], UK investigators
[3] and the Japan Clinical Oncology Group (JCOG) [4].
However, these guidelines were developed mainly from
information on the normal anatomical pelvic lymph
node distribution. The actual distribution of clinically
metastatic (positive) nodes in the pelvis has not been
studied in definitive radiotherapy series. If areas with a
low risk of node metastases could be deleted from the
CTV, toxicity could be reduced without sacrificing re-
gional control.

The purpose of this study was to investigate the 3D
distribution patterns of clinically metastatic nodes
assessed by CT/MRI in patients with uterine cervical
cancer.

Methods
We enrolled 114 patients with uterine cervical cancer
who were diagnosed as having clinically metastatic (posi-
tive) pelvic nodes by CT/MRI (210 mm in the shortest
diameter) and treated by definitive radiotherapy/
chemoradiotherapy at 6 institutions between January
2001 and December 2007. This study conformed to the
ethical principles contained in the Declaration of
Helsinki [5], and was approved by the institutional re-
view board of the principal investigator (T.T.). Lymph
nodes greater than or equal to 10 mm in the shortest
diameter, as assessed by CT/MRI, were defined as posi-
tive in this study. Patient characteristics are summarized
in Table 1. Digitized CT/MRI images burned to CD-
ROMs were collected from each institution. The images
were reviewed by two radiation oncologists (G.K, T.T.)
and one diagnostic radiologist (A.Y.).

Pelvic lymph node area was divided into five anatom-
ical regions: the obturator region, the external iliac re-
gion, the internal iliac region, the common iliac region,
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Table 1 Patient characteristics (n=114)

Characteristic (n)
FIGO stage
1B1 2
1B2 6
IIA 3
1B 49
s 50
VA 4
Age
median 52 range 26-88
Histology
SCC 109
Adeno 5
Tumor size*
<20 mm 0
21-40 mm 18
41-60 mm ‘ 58
61 mm< 38

Number of metastatic LN in the pelvis

1 32
2 36
3 23
4 14
25 9

*assessed by MRI.

FIGO=Federation Internationale de Gynecologie et de Obstetrique.
SCC=Squamous cell carcinoma.

LN=Lymph node.

and the presacral region. The external iliac was further
divided into four sub-regions: the medial external iliac,
the intermediate external iliac, the lateral external iliac,
and the caudal external iliac. The subcategories of med-
ial external iliac, intermediate external iliac, and lateral
external iliac refer to the definitions proposed by Taylor
et al. [6] and Lengelé et al. [7]: medial external iliac=the
dorsal area of attachment and along the external iliac
vein, intermediate external iliac=the anterior area be-
tween the external iliac artery and vein, and lateral exter-
nal iliac=the lateral area of the external iliac artery.
These three sub-regions are all located cranial to the as-
pect of the femoral head. On the other hand, the caudal
external iliac is located caudal to the aspect of the fem-
oral head. The obturator was also divided into two sub-
regions, with the border of the aspect of the femoral
head as the external iliac: cranial obturator and caudal
obturator. An atlas of these sub-regions (except for com-
mon iliac region) is presented in Figure 1 (a)-(b).

First, the number of positive nodes in each region and
in the sub-regions was counted. Next, the distribution
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OB=obturatorregion, El = external iliac region, lat-El = lateral external iliac
region, int-El = intermediate external iliac region, med-El = medial external
iliac region, Inl= internal iliac region, PS = presacralregion

Figure 1 Atlas of the CTV nodes: regions and sub-regions. Middle-level of pelvis' for (a), and 'low-level of pelvis' for (b).

patterns of the positive nodes were analyzed in each
area.

Statistical analyses were performed with the chi-square
test. A probability level of 0.05 was chosen for statistical
significance.

Results

There were 273 positive nodes as assessed by CT/MRL
The median number of positive nodes per patient was 2
(range, 1-7). Figure 2 shows the incidence of positive
nodes in each nodal region. The area that most fre-
quently contained positive nodes was the obturator re-
gion. In contrast, positive nodes were rarely observed in
the presacral region. Table 2 shows the anatomical

distribution of positive nodes in the pelvis. A solitary
positive node was observed only in the obturator and
the external iliac regions. In contrast, no solitary positive
node was observed in the internal iliac, common iliac,
and presacral regions. Within the obturator and external
iliac regions, positive nodes were rarely observed in the
caudal and lateral external iliac sub-regions. Ninety-
seven percent of the patients (111/114) had one or more
positive nodes in the cranial obturator and/or the medial
external iliac regions. A solitary positive node was
observed only in the cranial obturator, and medial/
intermediate external iliac regions. For other regions
or sub-regions, patients with positive nodes also had
positive nodes concomitantly in other pelvic nodal



Kasuya et al. Radiation Oncology 2013, 8:139
http://www.ro-journal.com/content/8/1/139

Page 4 of 6

-
o
it

Patients (n)
o
o

s

OB El

Inl

OB = obturator region, El = external iliac region, Inl = internal iliac region,
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Figure 2 Incidence of clinically metastatic pelvic lymph nodes in each region. *Including duplication.
-

W;/

Cl PS

regions or sub-regions. We defined each of these regions
as a NSR (non-solitary region). Patients with NSR metas-
tases had high FIGO stages or a large number of positive
nodes. Patients with high FIGO-stage disease (III, IVA)
had a significantly higher frequency of positive nodes in
the NSR (23/54, 43%) compared with patients who had
low FIGO-stage disease (15/60, 25%) (P=0.047). The aver-
age number of metastatic lymph nodes was 3.7 for pa-
tients with NSR and 1.9 for patients with non-NSR. There
was no significant relationship between tumor diameter
and the incidence of NSR metastases: 6/18 (30%) for tu-
mors<40 mm, 20/58 (34%) for tumors 41-60 mm, and
15/38 (38%) for tumorsz6l mm. All 16 patients with
nodal metastases in less common (< 6/114, 5%) areas
(presacral, caudal obturator, and caudal/lateral external
iliac regions) had large tumors (> 4 cm), of which all 9
cases who had NSR metastases in the lateral external iliac
and presacral regions were stage IIB or more. In addition,
all 9 cases with NSR metastases in the caudal obturator or
caudal external iliac regions also had positive lymph nodes
in the ipsilateral cranial obturator or medial external iliac
region, and all 3 cases with NSR metastases in the lateral
external iliac region had positive nodes in the ipsilateral
intermediate external iliac region.

Discussion

To minimize the risk of inter-planner variability on pel-
vic node CTV contouring, consensus-based CTV guide-
lines have been developed for patients with cervical
cancer [2-4]. Modification of the standard CTV guide-
lines based on the probability of subclinical disease, in
other words, risk of recurrence is the next challenge for
individualized treatment planning.

The CTV could be divided into subgroups, e.g., high-
risk CTV and low-risk CTV, according to the probability
of recurrence. The high-risk CTV would be defined as
the volume that involves frequent metastases, and
should be treated for every patient. In contrast, the low-
risk CTV would be defined as a region with rare disease
involvement, and might be able to be excluded from the
CTV in certain situations. The arrangement of CTV
nodes could reduce the dose/volume of organs at risk
(OAR) and lead to lower side effects. In the previously
published guidelines, the CTV nodes cover the entire
anatomical pelvic node distribution [2-4,6]. The guide-
lines did not emphasize the actual probability of nodal
involvement, in other words, the risk of recurrence. In
head and neck cancers, individualization of CTV nodes
for 3D planning was proposed according to the primary

Table 2 Number of patients* with clinically pelvic nodal metastases # by region/subdivided region

Total OB El Inl cl PS

Cranial Caudal Med Int Lat Caudal
Positive nodes in other regions 82 76 5 10 13 3 6 16 22 6
No positive nodes in other regions 32 28 0 2 2 0 0 0 0 0
Total 114 104 5 12 15 3 6 16 22 6

*including duplication, # assesed by CT/MRI (>= 10 mm in shortest diameter).

OB = obturator region, El = external iliac region, Inl = internal iliac region, Cl = common iliac region, PS = presacral region, Med = medial, Int = intermediate,

Lat = lateral.
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site or T/N stage [8]. For uterine cervical cancer, in an
attempt at dose reduction for OAR, small pelvic field ir-
radiation has been investigated [9,10]. The treatment
fields were designed to exclude the common iliac region.
In this study, we tried to analyze the 3D distribution pat-
terns of positive nodes in the pelvis assessed by pretreat-
ment CT/MRI to quantify the nodal metastasis
probability in patients with uterine cervical cancer.

Some surgical series have indicated that the obturator
and external iliac regions have the highest frequency of
metastatic lymph nodes [11,12]. This is consistent with
the findings demonstrated in the present study. We
subdivided the obturator and external iliac regions
according to craniocaudal distribution at the border of
‘the femoral head. Analyses with this subdivision revealed
that positive lymph nodes were rarely seen on the caudal
side, and most were observed on the cranial side.
Benedetti and colleagues also subdivided the obturator
region into deep and superficial regions. They demon-
strated that there were few metastatic lymph nodes in
the deep region [12]. Our results are consistent with that
report. No previous study supports our finding that the
caudal external iliac sub-region rarely had positive
nodes. However, the present results suggest the appro-
priateness of the definition of the external iliac region in
the RTOG and JCOG guidelines, which set the lower
end of the external iliac region at the top of the femoral
head [2,4].

For the external iliac region above the aspect of the
femoral head, 3 anatomically subdivided regions have
been proposed [6,7]. According to the definition, positive
nodes in the medial external iliac and intermediate ex-
ternal iliac regions were frequent in contrast to the lat-
eral external iliac regions in our study. This observation
was also made by Graham et al. [13]. Taylor et al. dem-
onstrated that the normal node distribution extended
more than 10 mm laterally to the external iliac artery
and veins in their USPIO MRI study. Based on this find-
ing, they recommended that the CTV should expand 17
mm laterally from the vessels to cover the region suffi-
ciently [6]. However, our present study demonstrated
that positive nodes were rare in the lateral external iliac
region, and suggested that the expansion that Taylor
proposed could be omitted in some cases.

Based on the findings from our present analyses, high-
risk regions such as the cranial obturator and the medial
and intermediate external regions must be irradiated suf-
ficiently in all cases. In contrast, the caudal external iliac,
caudal obturator, lateral external iliac and presacral re-
gions, which demonstrated a very low incidence (< 5%)
of positive nodes, might be allowed to be excluded in pa-
tients who satisfy all of the following criteria: small
tumor size (< 4 cm) and no positive nodes on CT/MRL
The CTV shrinkage might help to reduce complications
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in the surrounding organs. Further investigation is
needed to justify such modification in clinical practice.
In the other remaining regions (i.e, common iliac, in-
ternal iliac), although no patient in this study had a soli-
tary positive lymph node, the positive rate was not low.
Therefore, we suggest that the common iliac and in-
ternal iliac regions should continue to be included in all
cases for radical radiotherapy for patients with uterine
cervical cancer. '

This study has some limitations. First, the insufficient
sensitivity of CT/MRI is critical. Bellomi and colleagues
reported that the sensitivity and specificity of CT were
64% and 93%, respectively, and those of MRI were 72%
and 93%, respectively [14]. The results of this study
should be interpreted carefully due to the inadequate
sensitivity and specificity of these methods. Meanwhile,
Choi and coworkers compared the sensitivity and speci-
ficity of MRI and positron emission tomography/com-
puted tomography (PET/CT) [15]. With MRI, the
sensitivity and specificity were 30% and 92%, respect-
ively, and with PET/CT, the sensitivity and specificity
were 57% and 92%, respectively. Further study using
PET/CT is encouraged. Second, the absence of histo-
pathological confirmation is a serious weakness of the
present study. Although some surgical series presented
detailed data on the pathological positive node distribu-
tion [11,12], data for inoperable advanced-stage patients
were sparse. In addition, it is difficult to apply the distri-
bution of metastatic nodes from surgical findings dir-
ectly to the 3D distribution on CT/MRI images for
accurate CTV contouring. For these reasons, despite its
insufficient sensitivity and specificity, some surrogate in-
formation could be obtained from the study using CT/
MRI. Third, this study consists of a relatively small num--
ber of patients and a heterogenous population (i.e. stage,
tumor size). Various systematic and random errors due
to multicenter assessment over a long time period might
negatively affect the validity of the study.

Conclusions

The present study demonstrated distribution patterns of
positive pelvic nodes in patients with cervical cancer
treated with definitive radiotherapy/chemoradiotherapy.
The findings might contribute to future investigations
for the individualization of CTV node contouring.
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The purpose of this study is to examine risk factors for late rectal toxicity for localized prostate cancer
patients treated with helical tomotherapy (HT). The patient cohort of this retrospective study was composed
of 241 patients treated with HT and followed up regularly. Toxicity levels were scored according to the
Radiation Therapy Oncology Group grading scale. The clinical and dosimetric potential factors increasing
the risk of late rectal toxicity, such as age, diabetes, anticoagulants, prior abdominal surgery, prescribed
dose, maximum dose of the rectum, and the percentage of the rectum covered by 70 Gy (V70), 60 Gy
(V60), 40 Gy (V40) and 20 Gy (V20) were compared between < Grade 1 and > Grade 2 toxicity groups
using the Student’s t-test. Multivariable logistic regression analysis of the factors that appeared to be
associated with the risk of late rectal toxicity (as determined by the Student’s t-test) was performed. The
median follow-up time was 35 months. Late Grade 2-3 rectal toxicity was observed in 18 patients (7.4%).
Age, the maximum dose of the rectum, V70 and V60 of the > Grade 2 toxicity group were significantly
higher than in those of the < Grade 1 toxicity group (P =0.00093, 0.048, 0.0030 and 0.0021, respectively).
"No factor was significant in the multivariable analysis. The result of this study indicates that the risk of late
rectal toxicity correlates with the rectal volume exposed to high doses of HT for localized prostate cancer.
Further follow-up and data accumulation may establish dose—volume modeling to predict rectal complica-
tions after HT.

Keywords: prostate cancer; helical tomotherapy; late toxicity; intensity-modulated radiation therapy;

image-guided radiation therapy

INTRODUCTION

Intensity-modulated radiation therapy (IMRT) has been
shown to reduce late rectal toxicity in high-dose external
beam radiation therapy (EBRT) for prostate cancer [1], but
essential issues remain to be solved. Factors increasing the
risk of late rectal toxicity include not only the prescribed
dose and radiation technique delivering the dose, but also
some clinical characteristics. Major factors reportedly asso-
ciated with rectal complication risks include diabetes melli-
tus [1, 2], advanced age [3], androgen deprivation therapy
(ADT) [4], rectum size [5], and prior abdominal surgery
[6]. In addition, acute rectal toxicity is now recognized to

be associated with an increased risk of developing late
rectal complications [7]. Rectum volumes at especially
high-dose areas on the dose—volume histogram (DVH) also
have an impact on late rectal toxicity. The following dose—
volume constraints are provided as a conservative starting
point for 3-dimensional conformal radiotherapy (3DCRT):
V50<50%, V60<35%, V65<25%, V70<20%, and
V75<15% [8], which have been derived from some
3DCRT experiences. However, such conventional dose—
volume constraints may not be valuable in current clinical
practices because the significance of IMRT has already
been established in EBRT for localized prostate cancer {9].
IMRT planning yields DVH curves in distinctly different

© The Author 2013. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Therapeutic
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shapes from those of forward-planned 3DCRT. In fact, the
ratio of IMRT vs 3DCRT increased from 0.15% in the year
2000 to 95.9% in the year 2008 in the United States [10].
The significance of image-guided radiation therapy (JGRT)
has also been established in this category [9]. Thus, dose—
volume modeling derived from non-image guided 3DCRT
may inevitably be modified to predict complications
derived from image-guided IMRT (IG-IMRT). Data are,
however, still too poor or insufficient to address dose—
volume constraints in this modern combination technique.

Helical tomotherapy (HT, TomoTherapy, Madison, WT)
is a form of IMRT, and detectors within the tomotherapy
system provide megavolt-age computed tomographic
(MVCT) images of patients, which can be obtained imme-
diately before processes for setup, registration, and reposi-
tioning (i.e. IGRT). Next, we examined the impact of
patient clinical characteristics and DVH parameters on late
rectal toxicity after HT treatment for non-metastatic prostate
cancer. We report the results of the examinations. It is of
particular interest to describe dose-volume modeling to
predict rectal complications after HT.

MATERIALS AND METHODS

Patients and treatment methods

A total of 241 consecutive patients clinically diagnosed
with non-metastatic prostate cancer, who were treated with
HT between June 2006 and December 2010 and followed
up regularly at our institution, were enrolled in this study.
Written informed consent for the treatment and an anonym-
ous data application were obtained from each of the patients
before the treatment. Pretreatment evaluations, androgen de-
privation therapy (ADT), and HT treatment were described
circumstantially in our previous study [11]. In brief, the
clinical target volume (CTV) was defined as the entire pros-
tate and the proximal seminal vesicle. The planning target
volume 1 (PTV1) included the CTV with a 6-8 mm
margin except for the prostatorectal interface, where a 4-6
mm margin was used. Outside PTV1, PTV2 was defined as
the seminal vesicle with a similar margin to that of PTV1.
By our definition, only the rectum around the PTV1 area
with a cranio-caudal 10-mm margin is delineated as an
organ at risk. Prescribed doses were PTV1 D95 (i.e. dose
delivered to 95% of PTV1): 74 Gy in the low-risk group,
78 Gy in the intermediate- and high-risk groups, and PTV2
D95: 64 Gy in all of the risk groups. Patients had a tube
inserted or were encouraged to defecate when their rectums
were dilated on daily MVCT, and were checked on MVCT
again.

Follow-up evaluations and data collection

Follow-up evaluations after the treatment were performed at
3-month intervals. Toxicity levels were scored according to
the Radiation Therapy Oncology Group (RTOG) morbidity

grading scale [12]. In brief, Grade 1 toxicity represents
minimal side effects not requiring medication for symptom
control; Grade 2 toxicity indicates symptoms requiring
medication; Grade 3 indicates complications requiring
minor surgical intervention (i.e. laser coagulation); and
Grade 4 requires hospitalization and major intervention.
The time until the occurrence of late toxicity was repre-
sented as the period from the start date of HT.

Patient characteristics (e.g. age, T-stage, diabetes melli-
tus, anticoagulants, and history of abdominal surgery) and
DVH parameters (prescribed dose, PTV volume, rectal
volume, mean dose of the rectum, maximum dose of the
rectum, the percentage of the rectum at least covered by 70
Gy [V70], 60 Gy [V60], 40 Gy [V40], or 20 Gy [V20])
were collected from the patients on their initial visits to our
departments. Total ADT time and acute and late rectal toxi-
cities were reviewed on the patients’ charts in the analysis.
The prescribed dose on the DVH and the practically deliv-
ered dose varied from one another in seven of the patients,
because of HT cessation for a range of reasons such as
acute rectal symptoms. Practically delivered doses were 74
Gy in six of the patients and 70 Gy in one patient, despite
the prescribed dose of 78 Gy on the DVH. In these patients,
the prescribed dose, the mean dose of the rectum, the
maximum dose of the rectum, V70, V60, V40, and V20
were approximately shown by these values on the
DVH x practically delivered dose (70 or 74 Gy)/prescribed
dose on the DVH (78 Gy) in this analysis. Table 1 shows
patient characteristics and DVH parameters for this patient
cohort.

Statistical analyses

The impact of clinical and dosimetric factors on Grade 2 or
higher late rectal toxicity was analyzed. The clinical and dosi-
metric potential factors increasing the risk of late rectal tox-
icity were compared between the < Grade 1 and the 2 Grade 2
toxicity groups and were then analyzed by the Student’s
t-test. The following factors were examined: the patient char-
acteristics described above, total ADT time, the presence of
Grade 2 or higher acute rectal toxicity, and the DVH para-
meters described above. Multivariable logistic regression ana-
lysis was carried out for the factors that previously appeared
to be associated with the risk of late rectal toxicity by the
Student’s t-test (P < 0.10). Significance was determined at a P
value of <0.05.

RESULTS

Late rectal toxicity

The median follow-up time from the start of HT was
35 months (range, 13—-66 months). Rectal toxicity has been
described in detail in our previous study [11]. Briefly, 18
(7.4%) of the patients developed late Grade 2 or 3 rectal
toxicity. Of the 16 patients (6.6%) who developed late
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Table 1. Patient characteristics and DVH parameters
Characteristic Total (n=241)
Age (years) 69 (49-81)
PSA level (ng/ml) 15.17 (1.40-502.00)
Gleason score 7 (5-10)
Tumor stage

T1-T2 109 (45.2%)

T3-T4 132 (54.8%)
Risk group

Low ~ 17 (7.0%)

Intermediate 53 (22.0%)

High 171 (71.0%)
Diabetes (%) 23 (9.5%)
Anticoagulants (%) 41 (17.0%)
Abdominal surgery (%) 21 (9.4%)
ADT (month) 27 (4-92)
2 Grade 2 acute toxicity (%) 27 (11.2%)
PTV volume (cc) 59.0 (20.7-190.9)
Rectum volume (cc) 419 (21.8-113.7)
Prescribed dose (Gy) 78.0 (70.0-78.0)
Rectum mean dose (Gy) 38.8 (27.0-46.4)
Rectum max dose (Gy) 80.2 (70.1-83.8)
V70 (%) 7.2 (0.1-13.6)
V60 (%) 15.5 (1.9-25.6)
V40 (%) 38.1 (20.0-77.8)
V20 (%) 90.0 (45.0-100.0)

DVH = dose-volume histogram, ADT = androgen deprivation
therapy, V dose=the percentage of the rectum at least
covered by each dose; PTV =planning target volume. Age,
PSA, ADT and DVH parameters are represented as mean and
ranges.

Grade 2 rectal toxicity, 13 developed Grade 2 rectal bleed-
ing. Other Grade 2 symptoms were pain on defecation in
two of the patients and subtle fecal incontinence in one of
the patients. Two patients (0.8%) developed Grade 3 rectal
bleeding requiring laser coagulation. No Grade 4 late rectal
complications were observed. Figure 1 shows the rate of
developing late Grade 2 or higher rectal toxicity in the time
course after HT.

Analysis of risk factors associated with late rectal
toxicity

Table 2 shows the effects of patient characteristics and
DVH parameters on Grade 2 or higher late rectal toxicity
as analyzed by the Student’s t-test. Age, maximum dose of

Probability of late rectal toxicity
e R .y
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No.atrisk 241 235 171 115 58 15
Fig. 1. The rate of developing late > Grade 2 rectal toxicity after
helical tomotherapy.

the rectum, V70, and V60 were significantly variable
between the < Grade 1 and the > Grade 2 toxicity groups as
analyzed by the Student’s t-test (P=0.00093, 0.048,
0.0030 and 0.0021, respectively). To further evaluate the
independent effects of the factors that displayed a P-value
<0.10 by the Student’s t-test, such as age, anticoagulants,
the maximum dose of the rectum, V70 and V60 on = Grade
2 late rectal toxicity, a multivariable logistic regression ana-
lysis was performed. None of the factors were found to be
significantly correlated by this analysis, as shown in
Table 3.

Figure 2 shows the mean DVH and standard deviations
(SD) of patients with or without Grade 2 or higher late rectal
toxicity after HT. The maximum dose of the rectum, V70,
V60, V40 and V20 for patients with > Grade 2 late rectal
toxicity vs those with < Grade 1 late rectal toxicity were
80.1+2.0Gy vs 79.2+3.3 Gy, 9.0x2.9% vs 6.8+3.5%,
17.6%35% vs 14.8+5.0%, 39.6+84% vs 39.9+8.7%,
and 84.7 + 10.3% vs 87.1 + 10.1%, respectively.

DISCUSSION

The DVH curves of IMRT are distinctly different from
those of forward-planned 3DCRT. The combined use of
IGRT may also have a possible impact on the DVH differ-
ence between IGRT and non-IGRT treatments because sig-
nificant margin reduction between the prostate and PTV
could be implemented clinically with the combined use of
IGRT [13]. The results of the present study indicate that the
risk of late rectal toxicity correlates with the rectal volume
exposed to high doses in the HT treatment (i.e. IG-IMRT)
for localized prostate cancer, although there were no signifi-
cant factors in the multivariable logistic regression analysis.
This suggestion is consistent with other reports derived
from the 3DCRT data. Kuban et al. assessed the impact of
70 Gy vs 78 Gy doses on gastro-intestinal (GI) toxicity in
301 patients treated with 3DCRT. After a median follow-up
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Table 2. The effects of patient characteristics and DVH parameters on 2 Grade 2 late rectal toxicity after helical tomotherapy, as

analyzed by the Student’s t-test

Characteristic < Grade 1 (n=223) 2> Grade 2 (n=18) P-value
Age (years) 68.5+6.1 71.2+4.2 0.0093*
Tumor stage (2T3) 55.2% 50.0% 0.34
Diabetes (%) 9.4% 11.1% 0.42
Anticoagulants (%) 15.7% 33.3% 0.074
Abdominal surgery (%) 9.0% 5.6% 0.28
ADT (227 months) 48.4% 27.8% 0.26
Acute toxicity (%) 11.7% 5.6% 0.11
PTV volume (cc) 62.1x229 66.6%18.3 0.17
Rectum volume (cc) 445+139 42.1+164 0.28
Prescribed dose (Gy) 77.5+14 773x1.5 0.28
Rectum mean dose (Gy) 39250 38.6x3.5 0.27
Rectum max dose (Gy) 79.2+33 80.1£2.0 0.048*
V70 (%) 6.8+35 9.0+29 0.0030*
V60 (%) 14.8+5.0 17.6+3.5 0.0021*
V40 (%) 39.9x8.7 39.5x84 0.43
V20 (%) 87.1+10.1 84.7+10.3 0.18

DVH = dose-volume histogram, ADT = androgen deprivation therapy, V dose =the percentage of the rectum at least covered by each
dose. Age and DVH parameters are represented as mean =+ SD. #Statistically significant.

Table 3. The effects of patient characteristics and DVH
parameters on=Grade 2 late rectal toxicity after helical
tomotherapy, as analyzed by multivariable logistic regression
analysis

Characteristic P-value Hazard ratio (CI)
Age (years) 0.10 1.08 (0.99-1.19)
Anticoagulants (%) 0.12 2.18 (0.81-5.88)
Rectum max dose (Gy) 0.87 0.99 (0.82-1.19)
V70 (%) 0.16 1.30 (0.91-1.85)
V60 (%) 0.85 0.98 (0.78-1.23)

DVH = dose~volume histogram, ADT = androgen deprivation
therapy, V dose=the percentage of the rectum at least
covered by each dose, CI=95% confidence interval,
NA =not applicable.

period of 8.7 years, GI toxicity more severe than RTOG
Grade 2 was often observed in high-dose patients (28% vs
15%; P=10.013). DVH analysis showed that the incidence
of complications could be significantly decreased by redu-
cing the volume of the treated rectum. When <25% of the
rectum was treated with >70 Gy, the Grade 2-or-greater
complication incidence at 6 years post-treatment was much
reduced, 16% as compared with 46% when this dose—
volume cutoff point was exceeded [14]. Tucker er al. also
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Fig. 2. The mean dose-volume histograms and standard
deviations (SD) of patients with or without 2 Grade 2 late rectal

toxicity after helical tomotherapy.

analyzed DVH data from 1009 patients treated with
3DCRT on RTOG protocol 94-06. In these data, no evi-
dence was found of any influence of the intermediate doses
on the risk of 2 Grade 2 late rectal toxicities. The critical
dose for this endpoint seemed to be 275 Gy [15]. The
results of our present study suggests that patients with
advanced age are at risk of rectal complication. The routine
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medication of anticoagulants may be also associated with
rectal bleeding, as shown in Table 2 and 3. These results
are in line with the reports of Skwarchuk er al. [3] and
Pederson et al. [16]. Even when optimal dose-volume con-
straints are applied, rectal complications can still occur due
to clinical factors such as anticoagulant medications or
advanced age.

Most of the matare published .clinical data on
dose-related rectal toxicity originate from 3DCRT. Some
data derived from 3DCRT éxperiences recommended
V60<35% and V70 <20% as a conservative starting point
for the dose-volume constraints: for 3DCRT [8]. As shown
in Table 1, the mean values of V70 and V60 were 7.2
(range, 0.1-13.6) and 15.5 (range, 1.9-25.6), respectively,
in this patient cobort treated with HT. Although these
values fulfill the terms of the conventional dose—volume
constraints described above, we observed late Grade 2 or 3
rectal toxicities in 7.4% of the patients. This result indicates
that tighter dose—volume constraints of the rectum would
be necessary for IG-IMRT than the converitional constraints
derived from the clinical data of 3DCRT. On the other
hand, caution should be taken in interpreting this result,
because Fig. 2 simply shows the mean DVH with or
without Grade 2 or higher late rectal toxicity. In fact, the
SDs of patients with or without late rectal toxicity over-
lapped considerably at each of the doses, as shown in
Fig. 2. Further follow-up and data accumulation are needed
to evaluate the clinical significance of the small absolute
difference in the high-dose areas. To our knowledge, only
one study has investigated dosimetric risk factors for late
rectal toxicity after IMRT. Pederson ez al. have reported
that the incidence of > Grade 2 rectal toxicity was 5% in
296 consecutive patients treated with IMRT with a median
follow-up period of 41 months [16]. They found that 100%
of men with rectal V70<10%, V65 <20%, and V40 <40%
were free from = Grade 2 rectal toxicity; 92% of men with
rectal V70<20%, V65<40%, and V40<80% as well as
85% of men exceeding these criteria were also free from
the toxicity. The results of their study together with those
of our study also suggest that more stringent dose—volume
constraints are necessary for IMRT compared with 3DCRT.

The reliability of this study resides in the use of IGRT
involving MVCT. The position of the rectum at the time of
the treatment planning CT scan is likely not fully represen-
tative of the position during RT because of intrafraction
variations in rectal filling, intestinal gas, and bladder
filling. We think that these uncertainties have little influ-
ence on the present study because we checked these situa-
tions carefully in both the CT simulation and the
pretreatment MVCT, and because patients had a tube
inserted or were encouraged to defecate as necessary. On
the other hand, two essential points need to be considered
when interpreting the results of this study. Firstly, we need
to define the rectum. This study has specified rectal lengths

only around the PTV1 area with a cranjo-caudal 10-mm
margin. However, DVH studies so far have used variable
definitions for the rectum [8, 16]. The rectosigmoid flexure
is an uncertainty as the superior limit in determining where
the rectum starts. The inferior limit has been variably
defined as being at the level of the anal verge, the ischial
tuberosities, or above the anus. Our definition of the rectum
has been reasonably accepted so far among physicians. It is
frequently contoured as a solid, and we have adopted this
definition in our study. Secondly, we need to consider the
problem of the diversity of the toxicity. We brought to-
gether all late rectal symptoms in the analyses of factors
associated with late rectal toxicity, including some types of
sequelae such as rectal bleeding, pain on defecation, and
fecal incontinence. Refined knowledge of the location of
dose maximums in combination with separate scoring and
modeling of the different aspects of rectal toxicity clarifies
specific anatomic regions of dose sensitivity [8]. However,
the symptoms were mostly rectal bleeding in this study
(15 of 18 patients who developed late Grade 2 or 3 rectal
toxicity). We considered that lumping all rectal symptoms
had little influence on the results of this study.

The treatment of rectal bleeding is also a critical issue
in high-dose EBRT for prostate cancer. Takemoto et al
evaluated the results of the treatment for hemorrhagic proc-
titis after IMRT for prostate cancer [17]. Among 403
patients treated with IMRT, 64 developed late rectal bleed-
ing with a median follow-up time of 35 months. Most
patients were ameliorated with the steroid suppositories as
medication, or even without any treatrent, but one patient
treated with steroid enemas for 12 months developed septic
shock and died of multiple organ failure. All of the 12
patients treated with Argon plasma coagulation (APC) were
ameliorated in that study. They concluded that steroid sup-
positories/enemas and APC were effective, although a short
duration of the administration with an appropriate steroid
dosage is recommended. We also treated patients develop-
ing rectal bleeding with steroid suppositories. Two of these
patients showed no response to steroid suppositories so
they then received APC. All patients with Grade 2 or 3
rectal bleeding got an improvement with steroid suppositor-
ies or APC in our present study, as in the report by
Takemoto et al.

In conclusion, we have demonstrated the impact of
patient clinical characteristics and DVH parameters on late
rectal toxicity in a large number of non-metastatic prostate
cancer patients after HT treatment. Late Grade 2-3 rectal
toxicities were observed in 7.4% of the patients. The result
of this study indicates that the risk of late rectal toxicity
correlates with increase in age and the rectal volume
exposed to high doses in HT treatment for localized pros-
tate cancer. Further follow-up and data accumulation may
establish dose~volume modeling to predict rectal complica-
tions after HT.
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Background: We investigated the tolerability of cetuximab plus radiotherapy in Japanese
patients with untreated locally advanced squamous cell carcinoma of the head and neck.
Methods: Patients with epidermal growth factor receptor-expressing locally advanced squa-
mous cell carcinoma of the head and neck received cetuximab (400 mg/m? initial dose then
250 mg/m?® weekly) for 7 weeks plus concomitant boost radiotherapy (weeks 2—7: once daily
[1.8 Gy] for 3.6 weeks, then twice daily [1.8 Gy morning and 1.5 Gy afternoon] for 2.4
weeks). The primary endpoint was treatment completion rate (the rate of treated patients
completing >70% of the planned cetuximab dose and the full dose of radiotherapy within 2
weeks over the planned schedule).

Results: Twenty-two patients were evaluable. The treatment completion rate was 100%
(95% confidence interval 85~100). The response rate 8 weeks post-radiotherapy was 82%
(95% confidence interval 60~95). The most common grade 3/4 treatment-emergent adverse
evenis were mucosal inflammation (73%); dermatitis (27%); and infection, radiation skin
injury and stomatitis (23% each).

Conclusions: Cetuximab plus concomitant boost radiotherapy can be safely administered to
Japanese patients with locally advanced squamous cell carcinoma of the head and neck.
Tolerability and efficacy were in line with those reported in the Phase lli Bonner trial in a Western
population of patients with locally advanced squamous cell carcinoma of the head and neck.

Key words: cetuximab — concomitant boost — Japanese — locally advanced — radiotherapy —
squamous cell carcinoma of the head and neck
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INTRODUCTION

Globally, cancers of the lip, oral cavity, pharynx (other than
nasopharynx) and larynx account for over 4% of all malig-
nancies, with more than 500 000 new cases worldwide and
300 000 attributed deaths reported in 2008 (1). In Japan
alone, in 2007, 7879 people died of head and neck cancer,
representing 2.3% of all cancer deaths that year (2).

Patients with locally advanced squamous cell carcinoma
(SCC) of the head and neck (LASCCHN) have a number of
treatment options available, depending on regulatory author-
ity approvals. These options include concurrently adminis-
tered chemoradiotherapy with or without surgery and the
combination of the EGFR-targeting IgG1 monoclonal anti-
body cetuximab and radiotherapy (3,4). The use of cetuxi-
mab in combination with radiotherapy grew out of the
finding that epidermal growth factor receptor (EGFR) is
expressed by almost all SCCs of the head and neck
(SCCHN) (5,6) and the observation from in vivo models that
this combination enhanced tumor regression compared with
radiation or cetuximab alone (7). Regulatory approval of the
combination of cetuximab and radiotherapy in the USA and
the EU was based on the results of the large Phase IIT trial
conducted by Bonner et al. in centers in the USA and 14
other countries (8). This trial reported that the addition of
cetuximab to once-daily, twice-daily or concomitant boost
radiotherapy significantly improved overall survival,
progression-free survival and locoregional control compared
with radiotherapy alone in patients with LASCCHN.
Survival benefits were maintained long term, with S-year
overall survival rates of 46% in the cetuximab plus radio-
therapy arm and 36% in the radiotherapy alone arm (9).

It was notable that the addition of cetuximab to radiother-
apy in the Bonner trial did not exacerbate the adverse events
commonly associated with radiotherapy of the head and neck,
including mucositis, xerostomia and dysphagia (8). Among
grade >3 reactions, only acneiform rash and infusion reac-
tions, both with a known association to cetuximab, occurred
with a higher incidence in the cetuximab plus radiotherapy
arm compared with the radiotherapy arm of the trial.

The Phase II study reported here was initiated to assess the
tolerability and feasibility of administering cetuximab to-
gether with the concomitant boost radiotherapy regimen used
in the Bonner trial to Japanese patients with newly diagnosed
LASCCHN. The concomitant boost radiotherapy regimen
was chosen because it was the most frequently used in the
Bonner trial and the results from our trial would therefore be
appropriate for comparison with those from the Bonner trial.
Tumor response to treatment was also evaluated in this study.

PATIENTS AND METHODS
PATIENT SELECTION

The inclusion criteria used in this study closely followed
those used in the Bonner trial to ensure that the patient,

Cetuximab plus RT in LASCCHN Japanese patients

disease and treatment characteristics were similar in the two
studies. Japanese patients with Stage III or IV (Union for
International Cancer Control TNM classification) pathologic-
ally proven SCC of the oropharynx, hypopharynx or larynx
confirmed by magnetic resonance imaging (MRI) and com-
puted tomography (CT) and with tumor EGFR expression
and an expected survival of at least 12 months were eligible
for inclusion in the study. Tumor EGFR expression was
determined at a single reference laboratory (SRL
Medisearch, Inc., Tokyo, Japan) by immunohistochemistry
on formalin-fixed or paraffin-embedded tumor tissue using
the DAKO pharmDx kit (Glostrup, Denmark). The
minimum criterion required to confirm EGFR expression
was any intensity of membrane staining above-background
level by at least one cell. Other main criteria were: at least
bi-dimensionally measurable disease; age >20 years;
Karnofsky performance status (KPS) >60; adequate bone
marrow, kidney and liver function; no distant metastases; no
prior chemotherapy within the last 3 years; no prior radio-
therapy to the head and neck; and no prior treatment with
cetuximab.

The study protocol was approved by institutional review
boards and the trial was conducted in accordance with the
protocol and with the ethical principles of the Declaration of
Helsinki, as well as with the International Conference on
Harmonization (ICH) Note for Guidance on Good Clinical
Practice (GCP) (ICH Topic E6, 1996), the Japanese minister-
ial ordinance on GCP, the standard stipulated in Articles
14-3 and 80-2 of the Japanese Pharmaceutical Affairs Law,
and applicable regulatory requirements. A quality assurance
review of the data was conducted and an independent
Radiation Therapy Quality Assurance Committee was set up
to ensure compatibility of the type of radiotherapy used at
each center with that defined in the protocol. All patients
provided written informed consent and were also asked to
provide informed consent for investigation of blomarkers
other than EGFR in their tumor tissue,

STuDY DESIGN AND TREATMENT

This was an open-label, Phase II study conducted in patients
with newly diagnosed LASCCHN across four centers in
Japan. The primary endpoint of the study was tolerability,
the main variable of which was treatment completion rate:
the rate of patients who completed >70% of the cetuximab
planned dose administration (in terms of relative dose inten-
sity [RDI] of cetuximab) and the full dose of radiotherapy
within 2 weeks over the planned schedule of <8 weeks. The
RDI of cetuximab of >70% was estimated to be equivalent
to no more than one missed dose of cetuximab, which, based
on calculations on dose intensity data from the Bonner trial,
was considered to be the minimum dose level required for
cetuximab clinical activity. The selection of an RDI of
>70% as a component of the treatment completion rate was
therefore considered to represent tolerability at clinically ef-
fective doses. A secondary efficacy endpoint was the best
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