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Abstract

Purpose: The aim of this study was to report the clinical results of uterine cervical cancer patients treated by primary
radiation therapy including brachytherapy, and investigate the role of interstitial brachytherapy (ISBT).

Material and methods: All consecutive uterine cervical cancer patients who were treated by primary radiation therapy
were reviewed, and those who were treated by ISBT were further investigated for clinical outcomes and related toxicities.

Results: From December 2008 to October 2014, 209 consecutive uterine cervical cancer patients were treated with
primary radiation therapy. Among them, 142 and 42 patients were treated by intracavitary and hybrid brachytherapy,
respectively. Twenty-five patients (12%) were treated by high-dose-rate (HDR)-ISBT. Five patients with distant metas-
tasis other than para-aortic lymph node were excluded, and 20 patients consisted of the analysis. Three-year overall
survival (OS), progression-free survival (PFS), and local control (LC) rate were 44.4%, 38.9%, and 87.8%, respectively.
Distant metastasis was the most frequent site of first relapse after HDR-ISBT. One and four patients experienced grade

3 and 2 rectal bleeding, one grade 2 cystitis, and two grade 2 vaginal ulcer.
Conclusions: Feasibility and favorable local control of interstitial brachytherapy for locally advanced cervical can-
cer was demonstrated through a single institutional experience with a small number of patients.
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Purpose

In the management of cervical cancer with definitive
radiation therapy, brachytherapy plays a central role be-
cause it has intrinsic physical property of steep dose gra-
dient and has a potential to deliver relatively large dose
while sparing the surrounding organ at risk (OAR) as low
as possible [1,2]. Small tumors, which are within isodose
line generated by conventional intracavitary brachyther-
apy (ICBT), consisted of intrauterine (tandem) and vag-
inal (ovoid/ring) sources, calculated based on the tradi-
tional Manchester principles [3,4], can be well controlled.
Tumors, which are slightly larger than isodose volume
created by ICBT, can be well treated by image-guided
adaptive brachytherapy (IGABT) [5,6,7,8] with or without
additional interstitial needle insertion (hybrid brachy-
therapy - HBT) [9,10,11,12]. On the other hand, guidelines
from the American Brachytherapy Society recommends
high-dose-rate (HDR) interstitial brachytherapy (ISBT) for

cervical cancer patients in certain clinical situations such
as bulky lesions, a narrow vaginal apex, inability to en-
ter the cervical os, extension to the lateral parametria or
pelvic sidewall, and lower vaginal extension [1]. In ISBT,
multiple applicators insertion is required and it is more in-
vasive compared to ICBT or HBT technique with patients
laid on bed overnight with the applicators in place during
treatment period. However, a certain groups of patients
exists whose tumors are too large to be well covered by
ICBT or HBT.

In this study, consecutive uterine cervical patients in
our department treated by primary radiation therapy in-
cluding brachytherapy were overviewed and the role of
ISBT was explored.

Material and methods

Principles of management for locally advanced uter-
ine cervical cancer in our institution were described in our
previous report [13]. If patients were under 75 years old
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and had adequate organ function, concurrent chemora-
diation therapy with weekly cisplatin (40 mg/m?/week)
was delivered. External beam radiation therapy (EBRT)
was delivered by 3D conformal 4-fields box technique
with 15 MV linear accelerator (Clinac iX, Varian Medical
System, Palo Alto, CA, USA). The common EBRT fields
included whole uterus, parametrium, upper part of va-
gina down to the level of lower border of the obturator
foramens, and the draining pelvic lymph nodes up to
the level of the common iliac (L4 /5 junction). The subclin-
ical regional lymph node clinical target volume (CTV) was
contoured according to the guideline [14]. If the primary
lesion involved lower third of vagina or there were clini-
cally palpable metastatic inguinal lymph nodes, inguinal
regions were also included in EBRT portals. During radi-
ation therapy, tumor response was assessed weekly by
an attending radiation oncologist through gynecological
examination. To lower the rectum and the bladder dose,
4 cm-width of central shield (CS) was inserted after 30-
40 Gy of whole pelvic radiation therapy (WPRT). The ini-
tiation of CS depends upon the tumor shrinkage accord-
ing to Japan Society of Gynecologic Oncology guidelines
[15]. In cases with poor tumor response against EBRT, no
CS was utilized. Total pelvic sidewall dose was 50 Gy in
25 fractions. After the CS was initiated, HDR-ISBT was
delivered. All brachytherapy was carried out by ?Ir re-
mote after loading system (RALS, Microselectron HDR™,
Nucletron, Veennendaal, The Netherlands). From 2008,
computed tomography (CT)-based image-guided ICBT
for uterine cervical cancer patients was started in our de-
partment [16], and CT-based image-guided HDR-ISBT
was started in the same year. Hybrid brachytherapy has
started from 2010 for tumors with mild to moderate para-
metrial invasion that could not be adequately covered
with ICBT [16, 17]. Indication for application of ISBT was
according to ABS guideline as mentioned above [1].

The detailed procedure of HDR-ISBT for patients
with cervical cancer was described in our previous stud-
ies [18,19,20]. In brief, transperineal needle applicators
were inserted under either the combination of general
and epidural, or the combination of local anesthesia and
sedation with the patients in lithotomy position. Trans-
perineal needle insertion was guided by transrectal ul-
trasound (TRUS). Whenever possible, a tandem was also
inserted under TRUS guidance [21]. Simulation CT was
carried out by large-bore CT (Aquilion® LG, Toshiba,
Tokyo, Japan), which could take images with patients
lying in the lithotomy position with applicators in place
without moving patients. The image-guided brachyther-
apy planning was performed based on those CT imag-
es with slice interval of 2 mm. Treatment planning was
done with a brachytherapy planning system (Oncentra®
Nucletron, Veenendaal, The Netherlands). The Syed-
Neblett perineal template (Best Medical International,
Inc., Springfield, VA, USA) was used because it has an
advantage of ensuring parallelism and stability of ap-
plicator needles throughout the treatment period. A few
titanium seed markers were inserted into the target and
these markers were used as a reference for daily correc-
tion of needle deviation. The CTV was defined based on
the CT image taken after needle insertion with patients

in the lithotomy position. Information obtained from gy-
necological examination performed immediately before
needle insertion, intra-operative TRUS images, and the
most recent magnetic resonance images (MRIs), which
were taken in majority of cases, were also taken into con-
sideration for CTV determination. Reference points were
set on the surface of the CTV and the prescribed dose
was delivered to those points. Dose calculation was per-
formed by geometrical optimization or dose point volume
optimization, followed by manual graphical modification
to cover the CTV with the prescription dose while keep-
ing the dose to OAR to a minimum. Hyper-dose sleeve,
which represents 200% of prescribed dose of a certain
applicator should not fuse to that of another applicator
in order not to increase the high dose volume. The dose
constraint of combining dose of WPRT and HDR-ISBT for
the rectum and the bladder D, was 75 Gy and 90 Gy
(EQD,, a/B = 3 Gy), respectively [6]. Our previous study
found that vaginal D, greater than 145 Gy (EQD,,
o/ = 3 Gy) was associated with increased risk of devel-
oping late vaginal ulcer development, therefore, dose con-
straint for vagina was set under 145 Gy [19]. Although no
specific dose constraint was set to urethra, urethral cath-
eter was inserted in all cases and it was easy to visualize
the urethra, attention was paid not to deliver large dose to
urethra. The prescription dose per fraction of HBR-ISBT
at our department is 6 Gy. In a whole treatment session,
needle insertion was performed once and irradiation was
conducted twice daily at 6-hour interval with patients
kept in bed overnight throughout the treatment period.
Figure 1 shows an example of dose distribution of CT-based
image-guided HDR-ISBT.

When calculating the combined dose of EBRT and
HDR-ISBT, the equivalent dose in 2 Gy fractions (EQD,)
was utilized according to the linear-quadratic dose-effect
model [22,23,24]. For calculating tumor and OAR doses,
o/ P was assumed as 10 Gy and 3 Gy, respectively. Dose
contribution from CS was not taken into consideration ac-
cording to Japan Society of Gynecologic Oncology guide-
lines [15]. The minimum dose covering 90% of the CTV
(CTV Dy) in EQD, was used as the representative dose
of HDR-ISBT.

Patients with histologically proven cervical squamous
cell carcinoma, adenocarcinoma, or adenosquamous car-
cinoma, who were treated by primary radiation therapy
including HDR-ISBT with a minimum follow-up period of
24 months were included in this study. Patients with dis-
tant metastasis, except para-aortic lymph node (PALN),
were excluded from this study. Demographic, disease-spe-
cific, treatment details, and outcome data were collected.
Survival time was calculated from the start of the radiation
therapy until the last follow-up attendance or death from
any cause. The local control rate (LC) was calculated from
the start of the radiation therapy and histological or ap-
parent radiological evidence of pelvic disease recurrence
within the radiation field, which was considered to be an
event and was censored at the time of death, non-local
relapse, or last follow-up visit. Progression-free survival
(PFS) was calculated from the start of the radiation thera-
py until the last follow-up attendance or any recurrence of
the disease. The cumulative overall survival (OS) and PFS
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Fig. 1. An example of dose distribution of computed tomography based image-guided high-dose-rate interstitial brachytherapy
and pictures of perineal needle insertion through Syed-Neblette template

Study period: December 2008 - October 2014
Definitive radiation therapy for cervical cancer: 209

Excluded
ICBT: 142
HBT: 42

y

\
Patients treated with ISBT: 25 |

142 (67.9%)

[ icBT [ HBT []ISBT

_ | Excluded
" | Distant metastasis other than PALN: 5

A\ 4
Analysis object: 20

ICBT - intracavitary brachytherapy, HBT - hybrid brachytherapy, ISBT - intersti-
tial brachytherapy, PALN - para-aortic lymph node

Fig. 2. Consolidated Standards of Reporting Trials (CON-
SORT) flow diagram of uterine cervical patients treated as
primary radiation therapy from December 2008 to October
2014 in our hospital

after radiation therapy were calculated by the Kaplan-
Meier method. Univariate survival curve comparisons
were performed by the log-rank test. The level of statisti-
cally significance was defined as p < 0.05.

This retrospective study was approved by the Insti-
tutional Ethical Review Board of the National Cancer
Center Hospital (approval number: 2015-359) and was
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments.

Bulky tumor

Intensive vaginal
invasion

Post supra-vaginal
hysterectomy

Fig. 3. Venn diagram showing reasons for selecting comput-
ed tomography based image-guided high-dose-rate intersti-
tial brachytherapy

Results

Consolidated Standards of Reporting Trials (CON-
SORT) flow diagram is shown in Figure 2. From Decem-
ber 2008 to October 2014, 209 consecutive uterine cervical
cancer patients were treated with primary radiation ther-
apy. Among them, 142 and 42 patients were treated by
ICBT and HBT, respectively. Therefore, these 184 patients
were excluded from this study and remaining 25 patients
(12%) were treated by HDR-ISBT. Patients who had dis-
tant metastasis other than PALN were further excluded
from the study, therefore, 5 patients were excluded and
a total of 20 patients consisted of this analysis. In Figure 3,
the reasons for having chosen ISBT are shown. Bulky tu-
mor and intensive lower vaginal invasion were two major
reasons for choosing ISBT.
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Table 1. Patients and disease characteristics (n = 20)
Factor

Table 2. Treatment details (n = 20)

Median age (range), years 62 (42-82)
T stage

3a 2

3b 15

4a 3
N stage

0 7

1 13
M stage

0 13

1 7
FIGO stage

[1A 2

1B 10

IVA 1

IVB 7
Histological subtype

Squamous 16

Adeno 3

Adenosquamous 1
Median tumor size at initial presentation (cm) 7.0 (4-14)
Hydronephrosis

Yes 4

No 16
Corpus invasion

Yes 14

No 6
Pyometra

Yes 5

No 15

Median hemoglobin value at initial
presentation (g/dl)

12.2 (8.3-13.1)

Table 1 demonstrates patients and tumor character-
istics. All the patients had tumor stage greater than IIL
As many as 7 patients had radiologically evident PALN
metastasis at the time of presentation. Median tumor
diameter was as large as 7 cm (range 4-14 cm). Table 2
shows treatment detail. All the patients received higher
than 30 Gy of WPRT before delivery of ISBT, and medi-
an WPRT dose was 40 Gy. Median fractions of ISBT was
4 times (range 3-6). Median size of HR-CTV measured by
CT taken after needle insertion was 115.5 ml (range 6.6~
175.6 ml), and median HR-CTV Dy, in EQD, was 74.2 Gy
(60.4-88.5 Gy). Because radioactivity of iridium source

Factor

Median dose prescribed to whole 40 (30-50.4)
pelvice (Gy)

HDR-ISBT fractions (n) 4 (3-6)
Median number of needles used in ISBT 18.5 (10-33)

Percentage of dose delivered from
interstitial component* (%)

Median volume of HR-CTV (ml)

Median dose of HR-CTV Dgq in EQD, (Gy)
Median dose of bladder D, in EQD, (Gy)
Median dose of rectum D, in EQD, (Gy)

68.2 (17.7-95.2)

115.5 (6.6-175.6)
74.2 (60.4-88.5)
71.0 (48.4-84.0)
67.5 (52.3-76.4)

Concurrent chemotherapy

Yes 17

No 3
6.4 (5.3-8.3)

*Ratio of dwell time of all intersititial needles divided by total treatment time.
Patients who received supra-vaginal hysterectomy for uterine myoma (n = 3) were
excluded from the analysis because no tandem was inserted in those patients.

Median overall treatmet time (weeks)

1.0 1

0.8 1

. 06-
<
2
2
@

0.4 1

0.2

0 .

0 10 20 30
Months
------- LC —OS ---PFS

Fig. 4. Kaplan-Meier survival curves for local control (LC),
progression-free survival (PFS), and overall survival (OS)
of uterine cervical cancer patients without distant metasta-
sis other than para-aortic lymph nodes treated by comput-
ed tomography based image-guided high-dose-rate inter-
stitial brachytherapy

varies from time to time, percentage of interstitial com-
ponent was calculated by dividing sum of dwell time of
all interstitial needles with total treatment time. Patients
who received supra-vaginal hysterectomy for uterine
myoma (n = 3) were excluded from this calculation, be-
cause no tandem was inserted in those patients. Median
percentage of dose delivered from interstitial component
was 68.2% (range 17.7-95.2%).
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Median follow-up period for patients still alive at last
contact was 32.0 months (range 27.0-67.2 months). Three-
year OS, PFS, and LC were 44.4%, 38.9%, and 87.8%, re-
spectively (Figure 4). At the time of analysis, seven pa-
tients were alive without disease relapse, while eleven
patients died because of progression of cervical cancer,
and one due to other reasons without any evidence of dis-
ease progression. Figure 5 demonstrates patterns of first
relapse. Major site of relapse was distant metastasis and
only two local recurrences were found. Clinical factors
were compared between patients with or without disease
progression or local relapse by univariate analysis (Tables
3 and 4). Patients with local relapse had significantly high-
er ratio of hydronephrosis and lower hemoglobin value at
initial presentation (p = 0.032 and p = 0.032, respectively).

Treatment related toxicities

One patient experienced grade 3 rectal bleeding re-
quiring hospitalization and blood infusion, although the
rectum D, . of this patient was 61.5 Gy. This patient un-
derwent intra-arterial infusion of chemotherapy despite
of no evidence of disease progression at the primary
hospital after receiving HDR-ISBT. Therefore, it can be
assumed that such intra-arterial treatment, which has
influence on circulation of normal tissue, would have

Pelvic recurrence
(local recurrence: 2, pelvic lymph node: 1)

2\

Para-aortic lymph node Distant metastasis

Fig. 5. Venn diagram showing patterns of first relapse after
computed tomography based image-guided high-dose-rate
interstitial brachytherapy

altered surrounding environment. Four patients experi-
enced grade 2 rectal bleeding, one grade 2 cystitis, and
two grade 2 vaginal ulcer.

Table 3. Potential predictors influencing disease progression

Without disease progression (n = 8) With disease progression (n = 12) p value
Histological subtype
Squamous 7 8 0.307
Non-squamous 1 4
M stage
MO 7 6 0.106
MA 1 6
Initial tumor size (cm) 7.7 (4-14) 7.9 (6.4-11.4) 0.821
Hydronephrosis
Yes 1 3 0.465
No 7 9
Corpus invasion
Yes 5 9 0.455
No 3 3
Pyometra
Yes 2 3 0.693
No 6 9
Hemoglobin value at initial 12.4 (11.6-13.1) 11.5 (8.3-12.8) 0.085
presentation (g/dl)
Concurrent chemotherapy
Yes 8 9 0.193
No 0 3
HR-CTV Dy, in EQD, (Gy) 743 (67.3-80.8) 72.9 (60.4-88.5) 0.687
HR-CTV (ml) 119.2 (6.6-175.6) 115.5 (28.2-167.9) 0336
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Table 4. Potential predictors influencing local relapse

Without local relapse (n = 18) With local relapse (n = 2) p value
Histological subtype
Squamous 14 1 0.447
Non-squamous 4 1
T stage
T3 15 2 0.716
T4 3 0
Initial tumor size (cm) 7.8 (4-14) 7.9 (6.4-11.4) 0.963
Hydronephrosis
Yes 2 2 0.032*
No 16 0
Corpus invasion
Yes 12 2 0.479
No 6 0
Pyometra
Yes 4 1 0.447
No 14 1
Hemoglobin value at initial 12.4 (11.6-13.1) 11.5 (8.3-12.8) 0.032*
presentation (g/dl)
Concurrent chemotherapy
Yes 15 2 0.716
No 3 0
HR-CTV Dy, in EQD, (Gy) 72.8 (60.4-88.5) 80.1 (75.1-85.1) 0.191
HR-CTV (ml) 115.5 (6.6-175.6) 13155 (105-139.2) 0.631
Discussion (23.0%) were treated with HBT. One of the reasons why

Interstitial brachytherapy with transperineal approach
in locally advanced cervical cancer is a well-established
method for decades and there are numerous studies on
ISBT; the vast majority of them are from 2D era [25,26,
27,28]. However, there is also an increasing number
of studies based on 3D image-based brachytherapy
[19,20,29,30,31]. Most of the reports of ISBT focused only
on patients treated with ISBT, but current study over-
looked all cervical cancer patients in a single institution
who were treated by brachytherapy including ICBT, HBT,
and ISBT, and reported the proportion of patients treated
by ISBT. It has been shown from several reports that most
of the tumors can be treated with ICBT or HBT. Neverthe-
less, there still exists a small group of patients whose tu-
mors require ISBT to achieve better local control at a cost of
its invasiveness. In current study, 12% of uterine cervical
patients who were treated with primary radiation therapy
received HDR-ISBT. Compared with recently published
retro EMBRACE study, a multicenter cohort study that
reported clinical outcome of image-guided brachytherapy
inlocally advanced cervical cancer [32], this number is rel-
atively high. In the retro EMBRACE study, median tumor
width at diagnosis was 5 cm and 168 out of 731 patients

so many patients were treated with ISBT in our institu-
tion was that, because there are only few institutions in
our country capable to perform ISBT, and such patients
who could not be well-treated with conventional ICBT
were referred to our institution. Another reason was in-
corporation of CS in our treatment schedule. Compared
to treatment schedule without using CS, brachytherapy
starts earlier before any considerable tumor shrinkage
from proceeding pelvic EBRT is allowed.

Local control after HDR-ISBT was favorable despite
having several adverse clinical factors such as large tu-
mor size or advanced stage (Table 1). However, in cur-
rent study, distant metastases were frequently observed,
suggesting that microscopic distant metastasis would
supposedly have existed at initial presentation. Current-
ly, OUTBACK trial is under way [33], which tests the
superiority of adjuvant chemotherapy after cCRT over
cCRT alone for locally advanced uterine cervical cancer
patients. If the result of this trial will be positive, it is pos-
sible that adjuvant chemotherapy would be beneficial for
patients whose primary tumor require HDR-ISBT.

Median HR-CTV Dy, in EQD2 was 74.2 Gy and it was
lower than 87 Gy, which was recommended prescribed
dose for HR-CTV proposed by Dimopoulos et al. and
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ABS guidelines [1,2,7]. However, 74.2 Gy was calculated
by simply adding the dose from WPRT and ISBT, and
dose contribution from CS, which is utilized to minimize
dose delivered to the rectum or the bladder neck, was not
taken into account according to Japan Society of Gyne-
cologic Oncology guideline [15]. Recently, Tamaki et al.
calculated total dose delivered to HR-CTV including dose
from CS using deformable image registration technique,
and reported that actual dose delivered to HR-CTV was
higher than simple summation of WPRT and ISBT [34].
Although, deformable image registration technique has
its own limitation, the anatomical relationship would
change dramatically with the applicators in place com-
pared with the EBRT situation. Additionally, in our
treatment strategy, timing of delivering brachytherapy
is earlier than that of treatment schedule without using
CS. In the treatment schedule, in which no CS is applied,
brachytherapy is delivered after whole EBRT. In contrast,
in a treatment schedule with CS, brachytherapy is started
after initiation of CS. Therefore, overall treatment time is
much shorter in treatment schedule with CS than that of
without CS. Toita et al. showed the efficacy of treatment
schedule with CS in a series of multicenter prospective
clinical trials [35,36], and our group demonstrated favor-
able results with schedule with CS in CT based 3D image-
guided brachytherapy [16].

Hybrid brachytherapy is much easier to perform com-
pared with ISBT because it only requires a few intersti-
tial needles and could be performed in outpatient setting
[11]. In contrast, ISBT demands time and labor, and forc-
es the patients to lay on the bed overnight during treat-
ment period. Consequently, it is very hard to make ISBT
equally accessible nationwide. Therefore, it is important
to build a national system, in which patients who require
ISBT could be referred to high-volume centers efficiently.
Current matter in question is that there exist no concrete
guidelines for selecting ICBT, HBT, or ISBT for locally
advanced uterine cervical cancer. Yoshida et al. recently
published simulation analysis and they proposed tumors
that was larger than 5 x 4 x 4 cm were treated by ISBT
[37]. Because they used simple rectangular imaginary tu-
mor for their analysis, the results should be interpreted
with caution. If more applicable guideline will be estab-
lished, patient selection will become easier.

There were several limitations in our study that
was a retrospective study from a single institution with
a quite limited number of patients. Because of the limited
number of patients, any analytical results derived from
this study should be interpreted with a caution. There-
fore, the results of this study should not be generalized.
A prospective trial is warranted to validate the superior-
ity of ISBT over other types of brachytherapy methods in
locally advanced uterine cervical cancer patients.

Conclusions

Feasibility and favorable local control of interstitial
brachytherapy for locally advanced cervical cancer was
demonstrated through a single institutional experience
with a small number of patients.
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