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Abstract

Purpose: Treatment of post-operative pelvic side-wall relapses of cervical cancer has always been a therapeutic
challenge for radiation oncologists. Radiation dose boost to recurrent tumor by brachytherapy is necessary, but diffi-
cult to achieve. Our treatment center has successfully achieved precise transvaginal insertion of a pelvic side-wall mass,
using a metal tube with real-time ultrasound guidance. This study investigates the efficacy and safety of image-guided
high-dose-rate (HDR) interstitial brachytherapy (IBT) for patients with post-operative pelvic side-wall relapses.

Material and methods: Between 2018 and 2020, 36 post-operative pelvic side-wall relapses of cervical cancer pa-
tients receiving external beam radiotherapy (EBRT) combined with HDR-IBT were analyzed retrospectively. Doses per
fraction ranged from 6.0 to 7.0 Gy, whereas cumulative equivalent doses in 2 Gy fractions ranged from 80 to 100 Gy.
Effects of prognostic factors on local control (LC) and progression-free survival (PFS) were analyzed, and late toxicity
data were evaluated.

Results: A total of thirty-six patients were included, with a median follow-up of 19.3 months. The tumor response
was obtained for all patients, with radiological complete remission in 20 (55.6%) patients. Two-years LC and PFS rates
were 72.2% and 47.2%, respectively. Grade II rectal toxicity was observed in 5 patients (13.9%). Multivariate analyses
for LC and PFS using proportional regression model were performed, in which shape of exophytic tumor was associat-
ed with a significantly better prognosis for both LC and PFS (HR = 0.071, 0.128, p = 0.005, 0.002). Clinical target volume
(CTV) Dy, remained associated with a significantly better prognosis for PFS (HR = 0.056, p = 0.000).

Conclusions: A metal tube placed in the vagina, under the guidance of real-time ultrasound in transvaginal IBT for
pelvis masses can be accurately achieved. The shape of exophytic tumor and CTV Dy, were associated with a signifi-
cantly better prognosis for PFS, and the shape of exophytic tumor was also associated with a better prognosis for LC.
Therefore, radiation dose boost using IBT can improve the prognosis of patients with post-operative pelvic side-wall
recurrences of cervical cancer.
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Purpose

Treatment of patients with post-operative pelvic side-
wall relapses of cervical cancer has always been a ther-
apeutic challenge for radiation oncologists to deliver
optimal irradiation doses, and to achieve acceptable clin-
ical outcomes with minimal toxicities [1, 2]. Because of
critical radio-sensitive organs, such as the small bowel,
even with intensity-modulated radiation therapy (IMRT),

it is difficult to deliver doses over 60 Gy, while respecting
normal tissue tolerance [3]. Usually, 60 Gy of radiation
dose is not enough to control recurrent tumor on the pel-
vic side-wall [4]. In this setting, selective radiation dose
boost to the tumor with brachytherapy is necessary to
achieve better local control (LC) [5, 6]. Previously, inter-
stitial brachytherapy (IBT) was often used for treatment
of a relapsed disease in pelvic cancer [7, 8]. For recurrent
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lesions in the pelvic side-wall, it was difficult to achieve
accurate treatment through IBT, and therapeutic effect
was not satisfactory. The main reason to be considered in
IBT regarding a relapse in the pelvic side-wall is that the
tumor cannot be accessed through the vagina. IBT oper-
ation through the perineum using free-hand technique is
difficult and inaccurate, and real-time guidance of ultra-
sound is impossible. Up till now, not much literature is
available for adequate IBT in selected group of patients
with pelvic side-wall recurrences.

In the current study, we present our experience
of using a metal tube combined with real-time ultra-
sound-guided accurate IBT after external beam radiother-
apy (EBRT) in post-operative pelvic side-wall recurrences
of cervical cancer. The aim of reporting this experience
was to explain that 1. If a metal tube is used to assist the
implantation of recurrent pelvic masses at various parts,
the process can be easily achieved under the guidance of
real-time ultrasound; 2. Through accurate IBT, a higher
dose of radiation boost to the recurrent tumor can be ac-
complished, and some of these patients are expected to be
cured; and 3. Clinical toxicities of the rectum, bladder, and
bowel can be reduced in these selected patients of post-op-
erative pelvic side-wall recurrences of cervical cancer.

Material and methods
Patient selection
Between February 2018 and May 2020, a total of

36 consecutive patients with post-operative pelvic side-

Table 1. Baseline patients’ characteristics (n = 36)

Parameter Number
Age (years)

Median (range) 48 (24-72)
Pathological type

Squamous carcinoma 31

Adenocarcinoma 5
FIGO stage at initial diagnosis

| 29

IA 16

IB1

B2 4

Il 7
Maximum tumor diameter (cm)

<4 28

>4 8
Shape of tumor

Exophytic shape 30

Infiltrative shape 6
Tumor number

Single 29

Multiple 7

FIGO — International Federation of Gynecology and Obstetrics

wall recurrences of cervical cancer treated using IBT with
EBRT were evaluated. Patients were regarded eligible ac-
cording to the following inclusion criteria: 1. Histological
diagnosis of cervical cancer; 2. Recurrent tumor located in
the pelvic side-wall; 3. No prior radiotherapy for cervical
cancer; and 4. Written informed consent obtained from
patient. Patients were excluded if any of the following ex-
clusion criteria were fulfilled: 1. Evidence of distant me-
tastasis at the time of pelvic side-wall relapse diagnosis;
2. Patients with severe thrombocytopenia (platelet count
< 50 x 10%/1), which could not tolerate radiotherapy;
3. Contraindications for irradiation, including complete
obstruction of the vagina and fistula in the vagina.

Pre-treatment evaluation and clinical
characteristics

Pre-treatment evaluation consisted of history and
physical examination. Extent of disease was evaluated
based on computed tomography (CT), magnetic reso-
nance imaging (MRI), and positron emission tomogra-
phy/CT (PET/CT, if available). Patients” characteristics
are shown in Table 1. Median age was 48 years (range,
24 to 72 years). All patients presented histologically con-
firmed squamous cell carcinoma, except five (13.9%) pa-
tients who had adenosquamous carcinoma. According
to the International Federation of Gynecology and Ob-
stetrics stages, at initial diagnosis, twenty-nine patients
presented with stage I disease, and 7 were stage II. Twen-
ty-eight (77.8%) patients had a tumor with a clinical size
<4 cm, and eight (22.2%) had a clinical size > 4 cm. Base-
line tumors’ characteristics are demonstrated in Table 1.
Almost all patients underwent EBRT and IBT. Whole
pelvic EBRT was delivered by IMRT or image-guided ra-
diotherapy (IGRT) for all patients. Clinical target volume
(CTV) for EBRT included recurrent tumor, vaginal culff,
internal iliac, external iliac, common iliac, obturator, pre-
sacral lymph node, and para-aortic lymph node regions
in cases of positive para-aortic lymph nodes [9]. CTV
upper limit was half of the fourth lumbar vertebrae, and
CTV lower limit included lower edge of the obturator.
Planning target volume (PTV) was defined as a 10-mm
expansion around CTV. GTV corresponded to recurrent
tumors in the pelvic cavity. Prescribed dose was 45 Gy
to PTV, and 60 Gy to GTV in 25 fractions at a single-dose
of 1.8-2.4 Gy per fraction. Dose-volume constraints were
defined for the small bowel (V;3, < 40%, D ., < 52 Gy),
bladder (V5 <45%), and rectum (V5 < 60%), which were
adjacent to CTV. Concurrent chemotherapy with TP (pa-
clitaxel 135 mg/m? + cisplatin 70 mg/m?) regimen was
given every three weeks to patients during and after ra-
diotherapy, to a maximum of six cycles [10]. All patients
were hospitalized and monitored weekly in the course of
treatment for acute toxicity and symptomatic manage-
ment.

IBT implant procedure

In our institution, brachytherapy is a component of
definitive radiotherapy or concurrent chemo-radiother-
apy for cervical cancer. Usually, this procedure is per-
formed after the completion of EBRT [11]. A day before
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implantation procedure, patients are given an appropri-
ate bowel preparation. A CT-scan with bladder filling
(100 ml) protocol to minimize internal organ motion was
obtained before IBT and during the last week of EBRT,
to assess treatment response. When post-EBRT response
evaluation shows shrinking of the tumor of more than
50%, it means higher sensitivity to radiotherapy, but if
the tumor does not shrink or shrinks to 50%, a higher
dose of radiotherapy during IBT treatment is adminis-
tered to the local tumor to achieve better tumor control.
Therefore, during the implantation process, the tube was
placed into the vagina without using a vaginal speculum.
Under ultrasound guidance, the direction of the tube was
adjusted until the tangent of longitudinal axis of the tube
could directly reach the angle of the pelvic mass, without
any anesthesia (Figure 1). We used a stainless steel metal
tube with openings at both ends, 17 cm long and 1.5 mm
in diameter. The longest insertion needle used is 20 cm.

Interpolating needle was inserted directly into the tumor
tissue along the tube. CT-scan (with 3-mm slice thickness)
was performed to verify interstitial needle positioning,
rectum, bladder volume, and small bowel distribution
around the treatment site. If these were satisfactory, a ra-
diation oncologist used these CT images to contour the
target and organs at risk (OARs). The overall duration of
EBRT plus IBT was aimed to be less than 57 days.

Target delineation and treatment planning

Brachytherapy inverse planning simulated annealing
(IPSA) was performed using Oncentra Brachy v. 4.5.3.
Target volume consisted of high-risk clinical target vol-
ume (HR-CTV) and OARs, including the rectum, bladder,
and small bowel (Figure 2). HR-CTV was contoured ac-
cording to GYN GEC-ESTRO recommendations [11, 12].
Doses to the bladder, rectum, and small bowel were de-

Fig. 1. A) Ultrasound shows the direction of metal tube in the vagina; B) In real-time guidance, the interstitial needle is inserted
directly into the tumor tissue of the pelvic side-wall; C) Inserted needle is displayed in CT image; D) Inserted needle is dis-

played in CT across image; E) This illustration shows the maximum tilt angle of transvaginal needle using vaginal speculum;

F) This illustration shows the maximum tilt angle of transvaginal needle without the use of vaginal speculum
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Fig. 2. Three-dimensional reconstruction of the contoured
volumes, showing bladder (red), rectum (yellow), and
clinical target volume (pink) in the tumor region

termined according to the International Commission on
Radiation Units (ICRU) requirements [13]. Appropriate
dose prescription was assigned for all OARs. At the same
time, D,.. volume of the rectum and bladder should not
receive more than 60% and 80% of the prescribed dose,
respectively. Biologically effective dose (BED) was calcu-
lated for HR-CTV using the equation for radio-biological
equivalence, with standard conventional fractionation
suggested by Fowler, as follows: BEDfr = ND {1 + d/
(0./B)}, where N is radiotherapy treatment fractions’ num-
ber, d is dose per fraction in Gy, and o,/ is tissue-specific
parameter depending on whether it is early or late reac-
tion to radiotherapy. The value of o,/ was taken as 10 for
tumor and early reacting tissues, such as the bladder, rec-
tum, and small bowel, and 3 for late reacting tissues, such
as muscle and nerve [14, 15]. Cumulative doses of EBRT

Table 2. Treatment characteristics of interstitial

brachytherapy
Parameter Number
No. interstitial needles

Mean 6

Range 1-14
IBT total dose (Gy)

Mean 10.9

Min.-Max. 9-12
IBT BED dose (Gy)

Mean 14.7

Min.-Max. 11.7-16.8
Bladder D, (Gy) 79.6 £0.2
Rectum D, (Gy) 62.1+0.4

Effective needles inserted 94.5% (435/460)

IBT complication

Bladder penetration 0.0
Rectum penetration 0.0
Infection 0.0

IBT — interstitial brachytherapy, BED — biological effective dose, Min. — mini-
mum, Max. — maximum

and IBT to the bladder, rectum, and the small bowel were
calculated to achieve optimal coverage, where HR-CTV
receives optimum dose without affecting the tolerances
of these critical OARs. After approval of the treatment
plan, the patient was taken to brachytherapy room for the
treatment. Implant needles could be removed immediate-
ly after the completion of the treatment.

Post-treatment patient follow-up

Patients were followed-up every three months, up to
two years. At each visit, a clinical examination was per-
formed to evaluate treatment response, and to assess any
treatment-related complications. During the treatment,
hematological toxicity was assessed for each patient us-
ing the World Health Organization (WHO) common
acute and sub-acute toxicity criteria for anti-cancer drugs
[16]. CT of the whole abdomen and pelvis was performed
at third and sixth months for accurate assessment of local
response.

Statistical analysis

All of the statistical analyses were performed using
SPSS version 23.0 software (SPSS Inc., Chicago, IL, USA).
Local control was determined as the time from diagnosis
of recurrence to progression of disease in the pelvic cav-
ity. Progression-free survival (PFS) was calculated from
the diagnosis of recurrence to the progression of target
lesions or the occurrence of new lesions. Log-rank tests
were used to compare LC and PFS rates. The parameters
analyzed were LC and PFS using univariate and multi-
variate Cox regression analysis, considering age at re-
currence, pathological type, maximum tumor diameter,
hemoglobin level, time to surgery, chemotherapy, shape
of the tumor, number of tumors, and CTV Dy,. The level
of significance was set as p < 0.05.

Results

All the patients received EBRT combined with IBT.
The EBRT duration ranged from 35 to 40 days. When
post-EBRT response revealed more than 50% of disease
volume regression, a partial response was considered.
All patients received concurrent chemotherapy with cu-
rative intent, except for five patients who experienced
non-tolerance or other medical comorbidities. The treat-
ment characteristics are shown in Table 2. One out of
fourteen needles were placed per fraction, with a mean of
6 needles. The planning CT scan did not reveal any organ
penetration due to needle placement. Dose to target vol-
umes and OAR structures were summed up, and EQD,
was calculated. The dose to HR-CTV ranged from 18 to
28 Gy (median, 24.3 Gy). Conversion to equivalent dose
in 2 Gy/fx. (EQD,) to the target volume ranged from
24.0 to 39.67 Gy. The doses received by 90% (Dgy) and
100% (D;qg) of the HR-CTV conversion to EQD, ranged
from 24.0 to 39.67 Gy and 20.47 to 28.93 Gy, respectively.
The mean cumulative 2 cc rectal and bladder doses were
62.1 +0.4 Gy and 79.6 0.2 Gy, respectively (including the
doses received by EBRT). Dose limits for total EQD, of
OARs were <90 Gy for the bladder, <75 Gy for the rectum,
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Table 3. Patients’ toxicities after irradiation
Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
No. % No. % No. % No. % No. %
of patients of patients of patients of patients of patients
Gl reaction 0 0.0 23 63.8 13 36.1 0 0.0 0 0.0
Radiation enteritis 3 8.3 19 52.8 14 389 0 0.0 0 0.0
Radiation cystitis 12 333 11 30.6 3 8.3 0 0.0 0 0.0
Myelosuppression 5 13.9 9 25.0 22 61.1 0 0.0 0 0.0

Gl reaction — gastrointestinal reaction

<75 Gy for the sigmoid colon, and < 75 Gy for the small
bowel. Radiotherapy-associated toxicities were evaluat-
ed with common terminology criteria for adverse events
(CTCAE), version 4.0 (Table 3) [17]. No treatment-relat-
ed grade 3 toxicity was reported. Grade 2 rectal toxicity
was seen in five patients, and the median D, rectal dose
was 78.8 Gy. Radiation proctitis occurred during 6 to
18 months after completion of treatment, with a median of
10 months. A strong correlation with dose delivered to the
rectum was noted. The largest HR-CTV volume involved
in the present study was 148 cm® and the smallest was

3.77 cm®. The average volume of HR-CTV was 41.24 cm®.
Radiation proctitis was also correlated with large HR-
CTV volumes (> 130 ml) and those approaching close to
the rectal mucosa. Dose distribution to the whole bowel
was insignificant due to high conformity, even though
the bowel was close to target volume. However, after
one year, two patients showed complications, including
numbness, pain, and even limping claudication of the af-
fected side. Tumor response after IBT was obtained in all
the patients, and complete remission (CR) was confirmed
radiologically in 20 cases. Disease progression during fol-

Table 4. Univariate analysis of local control (LC) and progression-free survival (PFS) in 36 patients with recur-

rent cervical cancer

Prognosis factors 2-year LC rate (%) p-value 2-year PFS rate (%) p-value
Age at irradiation 0.782 0.571
< 50 years 79.2 50.0
> 50 years 83.3 583
Pathological type 0.351 0.036*
Squamous carcinoma 833 63.3
Adenocarcinoma 66.7 16.7
Maximum tumor diameter 0.036* 0.003*
<4cm 913 73.9
>24cm 61.5 23.1
Hemoglobin level 0.002* 0.013*
< 8.0 g/dl 333 16.7
> 8.0 g/dl 90.0 63.3
Interval to operation 0.611 0.986
< 12 months 773 54.4
>12 months 85.7 57.1
Chemotherapy 0.468 0.833
Yes 81.8 66.7
No 66.7 54.5
Shape of tumor 0.000* 0.000*
Exophytic shape 93.3 66.7
Infiltrative shape 16.7 0.0
Tumor number 0.003* 0.001*
Single 89.7 66.7
Multiple 429 0
CTV Dy 0.003* 0.000*
< 85 Gy 57.1 7.1
> 85 Gy 95.1 86.4
p <0.05
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Table 5. Multivariate analysis of survival outcomes in 36 patients with recurrent cervical cancer

Factors Local control Progression-free survival

Exp (B) 95% Cl p-value Exp (B) 95% Cl p-value
CTV Dy 0.109 0.012-1.016 0.052 0.056 2.141-28.550 0.000*
Shape of tumor 0.071 2.199-89.299 0.005* 0.128 0.015-0.213 0.002*

LC—local control; PFS — progression-free survival

low-up was detected in 16 patients, with 7 patients expe-
riencing a local recurrence, and 9 patients suffering from
a distant metastatic disease. The LC rate at two years was
80.9%. The univariate analyses of LC and PFS with log-
rank test were performed according to age, pathological
type, maximum tumor diameter, hemoglobin level, inter-
val time to operation, chemotherapy, tumor shape, tumor
number, and CTV Dy, (Table 4). Among all these factors,
maximum tumor diameter < 4 cm (2-year LC: 91.3% vs.
61.5%, p = 0.036), hemoglobin level > 8.0 g/dl (2-year
LC: 90.0% vs. 33.3%, p = 0.002), exophytic shape (2-year
LC: 93.3% vs. 16.7%, p = 0.000), single-tumor (2-year LC:
89.7% vs. 42.9%, p = 0.003), and CTV Dy, = 85 Gy (2-year
LC:95.5% vs. 57.1%, p = 0.003) were associated with a sig-
nificantly better prognosis for LC. In addition to patho-
logical type squamous carcinoma (2-year PFS: 63.3%
vs. 16.7%, p = 0.036) and hemoglobin level > 8.0 g/dl
(2-year PFS: 16.7% vs. 63.3%, p = 0.013), maximum tu-
mor diameter < 4 cm (2-year PFS: 73.9% vs. 23.1%,
p = 0.003), exophytic shape (2-year PFS: 66.7% vs. 0.0%,
p = 0.000), single-tumor (2-year PFS: 65.5% vs. 14.3%,
p = 0.001), CTV Dy, = 85 Gy (2-year PFS: 86.4% vs. 7.1%,
p = 0.000) were all found to be significantly associated
with a better prognosis for PFS (Table 4). Multivariate
analyses for LC and PFS using proportional regression
model were performed, with the shape of tumor and CTV
Dy, remaining associated with a significantly better prog-
nosis for PFS (p < 0.05). Moreover, the shape of tumor was
the only factor associated with a better prognosis for LC
(p <0.05) (Table 5).

Discussion

Cervical cancer patients with vaginal vault recurrenc-
es or residual diseases after surgery, treated with conven-
tional radiotherapy have been associated with five years
locoregional control rates of 20-60% [18]. Patients with
pelvic side-wall recurrences after surgery for cervical
cancer, who were treated with EBRT alone have rarely
been reported cured. Treatment of residual and recur-
rent cervical cancer of pelvic side-wall recurrence poses
a therapeutic challenge to radiation oncologists, because
of various limitations. The main limitations concern oper-
ating technique and constraints related to OARs [19, 20].
It is difficult to deliver higher doses to target volume with
EBRT beyond 60 Gy, even if IMRT/IGRT techniques are
used because after surgery, the small bowel falls into the
true pelvis and approaches close to the target area. There-
fore, it is impossible to treat such patients using EBRT
only, and at the same time to essentially reduce the dose
to the small bowel, bladder, and rectum. Higher doses of
radiation could be delivered to the pelvic side-wall tumor
using IBT after EBRT, but the principle is that interstitial

needles can be inserted precisely into the tumor tissue.
However, it is common that IBT needles cannot reach up
to these pelvic side-wall lesions, therefore, cannot deliver
an adequate dose [21].

Although IBT is widely available, the majority of pub-
lished data on this technique is only for relapse tumors in
the central pelvic. There has been no reported data on IBT
treatment for pelvic side-wall recurrences. The reason
is transvaginal IBT of the pelvic side-wall mass that has
long been considered impossible (Figure 1E). At present,
IBT treatment for pelvic side-wall recurrence is mainly
achieved by free-hand technique through trans-perineal
insertion (Figure 1F). As we all know, perineal insertion
by free-hand is difficult and positioning is not accurate. In
particular, real-time guidance of ultrasound or CT cannot
be realized. Therefore, the precision of insertion cannot
be guaranteed during trans-perineal implantation.

Many authors showed that high quality use of
brachytherapy was predicted to be a significant factor for
overall survival in multivariate analysis for recurrent cer-
vical cancer [21]. While we know the importance of high
quality brachytherapy, the key issue is to know how to
insert the interstitial needle conveniently and accurately.
The current work presented our experience using a tube
combined with real-time ultrasound-guided accurate in-
terstitial high-dose-rate brachytherapy for re-treatment
of locally recurrent tumors to boost the acceptance radio-
therapy dose. This research found that transvaginal im-
plantation of pelvic masses could be effectively solved by
using only a metal tube guided by real-time ultrasound.
As described in the methods section, without the use of
a vaginal speculum, we can use the characteristics of vag-
inal malleability through a metal tube, which is guided
by ultrasound to adjust the metal tube to an appropri-
ate angle; then, we can accurately implement the needles
into the tumor along the tube. This method can not only
deliver transvaginal implantation of pelvic side-wall
masses, but also be completed under real-time guidance
of ultrasound, which improves the precision and safety
of implantation. It is well-known that this is impossible
to achieve under the condition of operation using a vagi-
nal speculum. Through this technique, we have achieved
precise implantation into masses located at the pelvic
side-wall through the vagina. This procedure not only
shortens operation time, but also reduces pain of the pa-
tient, and organs at risk can be tolerated. Real-time guid-
ance of ultrasound achieves accurate and safe implanta-
tion, improves the suitability of target area, and delivers
higher-dose radiotherapy for recurrent tumors. Multivar-
iate statistical analysis showed that CTV Dy, and shape
of the tumor were closely related to patient’s PFS, and
shape of the tumor was associated with a better prognosis
for LC. Shape of the tumor in clinical implantation treat-
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ment process directly affects effective distribution of the
implantation needle. The exophytic shape of the tumor
allows for better distribution of the inserted needles and
achieving better dose distribution. In the current study,
the radiation doses used for IBT varied from 6 to 7 Gy
per session in 3-5 fractions, with different LC and com-
plication rates. Of note, a higher radiotherapy dose for
recurrent tumor next to the pelvic side-wall was applied,
especially when the tumor was located near the obturator
region. It was observed that two patients showed numb-
ness, pain, and even limping claudication of the affected
side. CT imaging of these two patients with claudication
showed that the local lesions had completely regressed.
Reasons for this complication were analyzed, such as
being related to local radiotherapy dose that reached
a cumulative total of 100 Gy, and lesions were all locat-
ed in the obturator hole adjacent to the pelvic wall. At
first, the patient developed numbness in the lower limb
of the affected side, about 1 year after the completion of
radiotherapy, and then further developed pain in the
same limb of the affected side. The symptoms of clau-
dication occurred due to worsening of pain. Therefore,
as the recurrent pelvic wall lesions in these two patients
were well controlled, so in our analysis, this was caused
by a radiation response for late reacting tissues, such as
muscle and nerve. In this study, the late toxicity reactions
observed in patients before the submission of the article
were mainly grade 2 rectal reactions, which were charac-
terized by intermittent mucus and blood in stools as well
as increased frequency of stools. As some patients had
a late onset of late toxicity due to radiotherapy, it is pos-
sible that some late toxicity may have been underestimat-
ed due to relatively short follow-up period of this study.
At present, we have not yet found an appropriate dose
that can not only control recurrent tumors, but also does
not trigger a pyriform syndrome-like response. Howev-
er, apart from IBT, robotic stereotactic radiotherapy can
also offer a short and well-tolerated treatment for lateral
pelvic recurrences tumors [23]. Regardless of the type of
radiotherapy technique, one of the challenges of treating
very lateralized pelvic recurrence is that better local con-
trol achieved by dose escalation has to be balanced with
toxicities due to high radiation dose to lymphatics path-
ways and damage to neuromuscular bundle.

Overall, in our study, we found that patients with pel-
vic side-wall recurrence, whose local radiotherapy dose
was boosted with IBT could achieve a good LC and sur-
vival rates. The advantages of this method of using a tube
combined with real-time ultrasound-guided treatment
are shown as follow. First, operation through the vagi-
na into the needle path is relatively short; the patient’s
pain is less, without anesthesia. Second, real-time ultra-
sonic guidance can be performed to ensure accuracy of
the interstitial needle. Moreover, local residual tumor
received a higher radiotherapy dose, which significantly
improved the prognosis of these patients. In patients with
failed treatment, the recurrent lesions generally showed
an invasive growth state before radiotherapy and low
hemoglobin level. In addition, due to a large size and ir-
regular shape of the tumor as well as proximity of organs
at risk, insufficient dose of HR-CTV Dy, and failure of the

treatment occurred. In this study, we found that in some
patients with large HR-CTV, in whom the tumor devel-
oped exogenously and recurrence position was in a way
from the rectum and bladder, tolerable dose of organ at
risk could be met if HR-CTV could be achieved. Also,
CTV Dy, dose would also be achieved, with good rate of
control. This research suggests that EBRT supplemented
with metal tube combined with accurate real-time ultra-
sound-guided IBT for post-operative pelvic side-wall re-
currence of cervical cancer, appears to be a practical and
appropriate approach to provide optimal therapeutic
benefits, with fewest side-effects. The real-time ultrason-
ic guidance assisted by a metal tube may not only avoid
loading the needles piercing the bowel, bladder, and rec-
tum, but also it can deliver a high-dose to target volumes.
This helped us to achieve a high local control rate, with
acceptable treatment-related complications.

Long-term follow-up with a larger number of patients
would be necessary to further assess the effective radia-
tion dose on local control as well as the overall outcome
of selected patients.
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