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HIGHLIGHTS

» There is no significant difference in outcomes of patients with cervical cancer treated with low-dose versus high-dose

rate brachytherapy, except in stage llIB disease.

 Patients with stage IIIB disease had statistically inferior local control when treated with high-dose rate brachytherapy.
o Patients with stage llIB disease had statistically inferior disease-free survival when treated with high-dose rate

brachytherapy.

ABSTRACT

Objective The majority of patients with cervical cancer
in Ghana present with locally advanced disease. In October
2014, high-dose rate (HDR) brachytherapy was introduced
at the National Center for Radiotherapy, Accra after years
of using low-dose rate (LDR) brachytherapy. The aim of this
study was to compare the treatment outcomes of patients
treated with LDR versus HDR brachytherapy.

Methods Patients with cervical cancer treated from
January 2008 to December 2017 were reviewed. Those
with stage IB-IIB who received chemoradiation plus
brachytherapy were included in the study. Post-operative
patients and those with stage IV were excluded. The study
end points were local control, disease-free survival, and
overall survival at 2 years. Endpoints were estimated

using the Kaplan—Meier method. Comparisons between
treatment groups were performed using the log-rank test
and Cox proportional hazards model.

Results We included 284 LDR and 136 HDR
brachytherapy patients. For stages IB, lIA, IIB, IlIA and

llIB disease, the 2-year local control for LDR versus HDR
brachytherapy was 63% and 61% (p=0.35), 86% and 90%
(p=0.68), 86% and 838% (p=0.83), 66% and 60% (p=0.56),
and 77% and 40% (p=0.005), respectively. The 2-year
disease-free survival for LDR versus HDR brachytherapy
was 64% and 61% (p=0.50), 81% and 69% (p=0.18),
81% and 80% (p=0.54), 62% and 33% (p=0.82), and 71%
and 30% (p=0.001) for stages IB, lIA, IIB, llIA, and lIIB,
respectively. The 2-year overall survival for LDR versus
HDR brachytherapy was 94% and 93% (p=0.92), 98%

and 68% (p=0.21), 89% and 88% (p=0.60), and 88%

and 82% (p=0.34) for stages IB, lIA, IIB, and lIIB disease,
respectively.

Conclusion There was no difference between LDR

and HDR brachytherapy in local control and disease-free
survival for all stages of disease, except in stage llIB. These
findings highlight the need to refine this brachytherapy
technique for this group of patients.

INTRODUCTION

Cervical cancer is the the most common gyneco-
logical cancer in Ghana, accounting for approxi-
mately 70% of all gynecological cancer managed
at the National Center for Radiotherapy, Accra. The
majority of patients present with locally advanced
disease attributable to poor screening practices.’
The standard curative treatment for locally advanced
disease consists of concurrent chemoradiation plus
intracavitary brachytherapy.? Brachytherapy allows
for dose escalation to the cervix and paracervical
tissues while differentially sparing normal tissues
from high radiation doses, significantly improving
pelvic disease control and survival.?

Historically, the brachytherapy component
has been delivered using low-dose rate (LDR)
brachytherapy, delivering radiation at doses of
0.4-2 Gy/hour.* Patients are typically hospitalized
for up to 72 hours to allow for radiation delivery.
Over the past few decades, high-dose rate (HDR)
brachytherapy, which delivers a dose of 12 Gy/hour,
has been explored for the treatment of cervical
cancer and is currently the dominant brachytherapy
delivery technique used in many developed nations.’
HDR brachytherapy addresses some of the draw-
backs of LDR brachytherapy such as prolonged
immobilization with its high cost, logistics, and risk
of deep vein thrombosis and pulmonary embolism.

The outcome of LDR versus HDR brachytherapy
after chemoradiation for cervical cancer has been
compared in several studies including randomized
trials and a meta-analysis, which found comparable
outcomes for the two brachytherapy techniques.®
However, all these studies were conducted in devel-
oped regions and parts of Asia which may have
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superior healthcare systems compared with Africa. In October
2014, HDR brachytherapy with a cobalt-60 source was introduced
for the management of cervical cancer at the Center after several
years of using LDR with caesium-137. The change from LDR to
HDR was necessitated by the need to treat more patients per week
as LDR allowed for treatment of only two patients per week, each
hospitalized for 3 days per insertion. Many resource-constrained
countries including Ghana prefer cobalt-60 over iridium-192
sources because of its extended half-life of 5.26 years compared
with 74 days for iridium-192.”

The objectives of this study were to compare treatment
outcomes—namely, local control, disease-free survival, and overall
survival at 2 years—in patients with cervical cancer who received
LDR versus HDR brachytherapy.

METHODS

Study Design

This is a retrospective study of patients with confirmed histolog-
ical diagnoses of cervical cancer managed at the National Center
for Radiotherapy from January 2008 to December 2017. Ethical
approval for this research was obtained from the Institutional
Review Board of the hospital.

Patient Characteristics and Staging

We reviewed records of all patients with cervical cancer 2009
International Federation of Gynecology and Obstetrics (FIGO) stages
IB2-1IB who received definitive chemoradiation plus brachytherapy
within the 10-year period. The FIGO 2009 staging was not adjusted
to the 2018 edition as the majority of patients were staged with
physical examinations, chest X-rays, and abdominopelvic ultra-
sounds and any adjustments could lead to discrepancies. Patients
who received post-operative and palliative radiotherapy were
excluded from the study.

Treatment

All patients received concurrent chemotherapy with weekly cisplatin
at doses of 40 mg/m2, maximum of five doses, with external beam
radiation (EBRT).

External Beam Field Design

Patients were simulated in the supine position with their legs on
a leg rest and arms above their heads. Anterior—posterior (AP)
and posterior—anterior (PA) isocentric fields were used for the
majority, except for patients with AP separation exceeding 22 cm
where four-field box techniques were used which included the AP/
PA fields and two lateral-opposing fields. The 50% depth dose for
cobalt-60 teletherapy units of 12c¢cm informed our choice of AP/
PA or four fields guided by the patient’s separation.? Plans were
manually generated.

The superior and inferior borders of the fields were placed at the
L4/L5 intervertebral disc space and the ischial tuberosity, respec-
tively. The inferior border was extended 3cm below any palpable
tumor marked by a radio-opaque marker with lower third vagina
involvement. The lateral borders of the AP/PA fields were extended
2cm lateral to the pelvic brim. The entire sacrum was included in
the posterior border, and the anterior border was placed in front of
the pubic symphysis for the lateral fields.

Original research

The EBRT dose was 46Gy in 23 fractions, prescribed to the
midpoint on cobalt-60 teletherapy unit from Best Theratronic
(Equinox 100). An EBRT sidewall boost of 6-8 Gy in 3—4 fractions
was delivered following 46 Gy to the pelvis using a reduced AP/PA
field with a 4cm midline block, with the superior border dropped
to the mid-sacroiliac joint for patients with stage IIB-IIB disease.
Customized Cerrobend blocks were used to block the femoral
heads, part of the iliac wings, and bowel to minimize the dose
to those areas. Typical field sizes were 18 cm x 18 cm for AP/
PA fields, 15 cm x 18 cm for lateral fields, and 7 cm x 12 cm for
sidewall boost fields.

Intracavitary Brachytherapy

Applicator placement and treatment planning were similar in
both cohorts, and performed in a mini theater with patients under
conscious sedation using midazolam and morphine injections.
Fletcher—Suit applicators were loaded using the Manchester-based
loading system. A two-dimensional planning technique was used
and radiation doses were prescribed to point A delineated through
the use of two orthogonal films with contrast in the bladder and
rectum. International Commission on Radiation Units and Meas-
urements 38 recommended doses to point A, point B, bladder, and
rectal points were recorded.’

In the LDR arm, a tandem and ovoids were used for all cases,
and where the lower vagina was involved with disease, a midline
block was not placed with the EBRT sidewall boost. The dose
prescription was 40 Gy in two insertions, with the first insertion
performed after completion of the EBRT and the second 1-2
weeks after the first. In the HDR brachytherapy cohort, a tandem
and vaginal cylinder applicators were used when the lower third
of the vagina was involved, otherwise all patients had a tandem
and ovoids inserted. The dose prescription was 7 Gy per insertion,
four insertions at weekly intervals with the first insertion after at
least 20 Gy of EBRT. Patients with bulky disease completed at least
40 Gy of EBRT before their first HDR insertion. No chemotherapy or
EBRT was administered on HDR brachytherapy treatment days. We
aimed to complete the overall treatment within 8 weeks, consid-
ering the association between extended overall treatment time and
poor outcome.'®

Follow-up

Following treatment completion, patients were assessed for
response, toxicity, and disease recurrence by history and physical
examinations every 3 months for 2 years, then every 4—6 months
until year 5, and then annually until year 10. Imaging was requested
only on suspicion of disease recurrence.

For this study, local control was defined as objective local tumor
response in addition to absence of local disease progression in the
treated field, as demonstrated by clinical examination. Disease-free
survival was defined as the length of time after completion of treat-
ment that the patient lived without any signs or symptoms of the
disease. It was measured from the time of completion of treatment
to the date any sign of disease recurrence was documented. Overall
survival was defined as the length of time from the date of histolog-
ical diagnosis to survival status of the patient at the date the patient
was documented to be alive or dead.
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Table 1 Clinical and treatment characteristics

Low-dose rate

High-dose rate P value

95% Cl

Total 284 (68%) 136 (32%)
Median follow-up, months 22 11
Range 1-132 1-41
Age, years 0.22 -2.817 t0 2.262
Mean+SD 56.1+12 56.4+13.2
Median (range) 55 (22-93) 56(26-86)
FIGO stage 0.001 0.000 to 0.007
1B1 8 (2.8%) 6 (4.4%)
B2 15 (56.3%) 15 (11%)
A 33 (11.6%) 9 (6.6%)
11A1 1(0.4%) 0 (0%)
IIA2 1(0.4%) 1(0.7%)
IIB 131 (46.1%) 37 (27.2%)
1A 17 (6%) 6 (4.4%)
1B 78 (27.5%) 62 (45.6%)
Tumor size (cm) 0.42 -1.76t0 1.88
<4 30 (10.6%) 18 (13.2%)
>4 254 (89.4%) 118 (86.8%)
Median 5 (2-8) 5(1-10)
Chemotherapy cycles 0.19 -1.051t0 1.1713
<5 weeks 102 (34.9%) 40 (29.4%)
At least 5weeks 182 (64.1%) 96 (70.6%)
Histology 0.16 0.149 t0 0.223
Squamous cell 264 (93%) 122 (89.7%)
Adenocarcinoma 19 (6.7%) 11 (8.1%)
Others 1(0.4%) 3(2.2%)
Radiation dose (EQD2), mean+SD
Total point A dose 80.4+8.4 81.4+8.4
Point B dose contribution from brachytherapy only 8.5+2 8.9+1.9
Total point B dose 57.8+4.7 58.2+5.7

EQD2, equivalent dose at 2 Gy.

Statistical Analysis

Statistical Package for Social Sciences version 22 and Excel 2013
were used for data cleaning and analysis. The primary endpoints of
the study were assessed using the Kaplan—Meier method. Adjusted
Cox proportional hazard and log-rank tests were used where appli-
cable. Confidence levels were set at 95% and significance at 0.05.

RESULTS

The total number of patients treated during the 10-year study period
was 1882; however, only 284 LDR and 136 HDR brachytherapy
patients were analyzed for this study. The remaining patients were
excluded because they presented with stage IV disease, were not
eligible to receive chemotherapy, were treated with post-operative
or palliative radiotherapy, abandoned treatment, or were lost to
follow-up after registration.

The median age in the LDR and HDR brachytherapy groups was
55 years (range 22-93) and 56 years (range 26—86), respectively.

The most common histology was squamous cell carcinoma in both
groups: 93% in the LDR group and 89.7% in the HDR group. The
median tumor size in the LDR and HDR groups was 5c¢m (range
2-8) and 5¢m (range 1-10), respectively. Stage 1IB was the the
most common stage in the LDR group (46.1%) compared with the
HDR group (27.2%), whereas stage IlIB was the most common stage
in the HDR group (45.6%) compared with the LDR group (27.5%).

The mean=SD point A dose (EQD2) was 80.4+8.4 and 81.4+8.4
in the LDR and HDR groups, respectively.

Patient and treatment characteristics are shown in Table 1.

DISCUSSION

Summary of Main Results
The 2-year local control for stages IB, lIA, IIB, llIA, and llIB were
63% and 61% (p=0.35), 86% and 90% (p=0.68), 86% and 88%
(p=0.83), 66% and 60% (p=0.56), and 77% and 40% (p=0.005) for
LDR and HDR, respectively.
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Local Controal for Stage lIIA
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Kaplan-Meier curves of 2-year local control for patients with stage IB (A), lIA (B), 1IB (C), IlIA (D), and llIB (E) treated
with low-dose versus high-dose rate brachytherapy.
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Figure 3 Kaplan—-Meier curves of 2-year overall survival for patients with stage 1B (A), lIA (B), IIB (C), and llIB (D) treated with

low-dose versus high-dose rate brachytherapy.

The 2-year disease-free survival for LDR and HDR were 64% and
61% (p=0.50), 81% and 69% (p=0.18), 81% and 80% (p=0.54),
62% and 33% (p=0.82), and 71% and 30% (p=0.001) for stages
IB, lIA, 1B, llIA, and llIB, respectively.

The 2-year overall survival for LDR and HDR were 94% and
93% (p=0.92), 98% and 68% (p=0.21), 89% and 88% (p=0.60),
and 88% and 82% (p=0.34) for stages IB, lIA, 1B, and llIB disease,
respectively.

The Kaplan—Meier curves for the primary outcomes are shown in
Figures 1-3 and summarized in Table 2.

Results in Context of Published Literature

The 2-year local control rates in our study were comparable in the
LDR and HDR brachytherapy groups for patients with stage | and
Il disease. This is consistent with findings from several studies.
Petereit et al reported a comparable local control rate for stage

IB (91% vs 85%) and stage Il (78% vs 80%) for LDR versus HDR
brachytherapy, respectively." In a study by Kuipers et al the local
control rate for stage | and Il disease was 88% versus 90% and
89% versus 85% for LDR versus HDR brachytherapy, respectively.'
Patel et al also reported comparable local control for LDR versus
HDR brachytherapy for stage | and Il disease."

The better local control rates for patients with stage IIIB treated
with LDR brachytherapy in this study are consistent with reports by
Petereit et al where the local control rates for patients with stage
lIIB disease treated with LDR brachytherapy were better than those
treated with HDR brachytherapy (75% and 44%, respectively)."
Similarly, Ferrigno et al reported better local control rates for patients
with stage Ill disease treated with LDR than HDR brachytherapy
(58% and 50%, respectively)." However, a randomized trial by
Hareyama et al reported comparable local control rates for patients
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Table 2 Primary outcomes

Outcome LDR HDR P value
Local control at 2 years
1B 63% 61% 0.35
A 86% 90% 0.68
IIB 86% 88% 0.83
A 66% 60% 0.56
B 77% 40% 0.005
Disease-free survival at 2years
1B 64% 61% 0.50
A 81% 69% 0.18
1B 81% 80% 0.54
A 62% 33% 0.82
B 71% 30% 0.001
Overall survival at 2 years
B 94% 93% 0.92
A 98% 68% 0.21
1B 89% 88% 0.60
B 88% 82% 0.34

HDR, high-dose rate brachytherapy; LDR, low-dose rate
brachytherapy.

with stage Ill disease receiving LDR versus HDR brachytherapy.'®
Also, Lertsanguansinchai et al and Akine et al reported equivalent
local control rates of 92.8% versus 93.7% and 61% versus 64%
for LDR versus HDR brachytherapy, respectively, for patients with
stage IIIB disease.'® "’

Our study shows equivalent disease-free survival rates for stage
| and Il disease treated with LDR versus HDR brachytherapy, which
is consistent with other reports. Petereit et al reported comparable
disease-free survival of 81% versus 85% and 61% versus 69%
for stage IB and Il disease with LDR versus HDR brachytherapy,
respectively." Similarly, a meta-analysis reported by Viani showed
comparable disease-free survival for patients with stage | and Il
disease, as reported in our study.® On the other hand, patients
with stage llIB disease had statistically significant improved
disease-free survival when treated with LDR compared with HDR
brachytherapy, consistent with the report by Petereit et al in which
the 3-year disease-free survival for stage Ill disease was 63% and
30% for LDR and HDR brachytherapy, respectively.!" Ferrigno et
al also reported that the 5-year disease-free survival for patients
with stage IlIB disease was better when treated with LDR than with
HDR brachytherapy.™ Our finding is, however, in contrast to several
studies including those reported by Romano et al and Patel et al
who reported equivalence for the two techniques. ' Also, Teshima
et al and Hareyama et al reported equivalent disease-free survival
for patients with stage Il disease (47% vs 53% and 60% vs 51%
for LDR vs HDR brachytherapy, respectively).'® *® Thus, the outcome
of stage Il cervical cancer in terms of the local control and disease-
free survival varies across studies, and this may be attributed to
differences in techniques used or timing of brachytherapy.

The 2-year overall survival rate in this study was similar for
all stages in the two cohorts. Shrivastava et al, Pantankar et al

and others support this finding.?’ 2 However, Ferrigno et al and
Petereit et al reported a statistically significant improved overall
survival outcome for patients with stage Il disease treated with
LDR compared with HDR brachytherapy." ' The finding that the
overall survival was equivalent in both arms despite the inferior
local control and disease-free survival rates for the stage llIB group
treated with HDR brachytherapy is not surprising. Possible reasons
include the short duration of follow-up in the HDR brachytherapy
arm. Furthermore, patients in whom recurrence occurs receive
additional treatment, usually chemotherapy, to control the disease.

Strengths and Weaknesses of the Study

To the best of our knowledge, this is the largest study comparing
the outcome of patients with cervical cancer treated with LDR
versus HDR brachytherapy in Africa, where the incidence is very
high but resources are limited. The main limitation of the study is
its retrospective nature and the absence of a toxicity assessment
in this report.

Implications for Practice and Future Research

Intracavitary brachytherapy generally has a higher dose inhomo-
geneity compared with EBRT because of the rapid dose fall-off due
to the inverse square law as one moves away from the radiation
sources. This inhomogeneity is compounded by the radial dose
function of the radioactive source used for the brachytherapy.?
The radial dose function of caesium-137 has been shown to be
comparable to that of iridium-192, and does not fall off sharply
within the first 10cm radial distance, making its dose distribution
fairly homogenous, especially in bulky tumors.222* However, the
fall-off of cobalt-60 is steep within the first 10cm radial distance,
making its dose distribution especially in bulky tumors inhomoge-
neous.2272* Although the results of this study showed that point B,
which represents the lateral parametrium, received an adequate
dose as recommended by the American Brachytherapy Society,
the dose distribution in bulky disease may not have been homoge-
neous in the cobalt-60 HDR brachytherapy cohort.? This may have
contributed to the poor local control observed in the stage llIB HDR
brachytherapy cohort. It may be necessary to allow patients with
this stage of disease to complete all the EBRT dose including the
side wall boost to maximize tumor response before the first insertion
of HDR brachytherapy to optimize the dose at brachytherapy. These
patients should then have two fractions of HDR brachytherapy per
week rather than one fraction in order to keep up with the overall
treatment duration of 56 days.

The use of interstitial needles combined with HDR intracavitary
brachytherapy has been shown to provide a prescription dose of
up to 15mm lateral to point A, increasing the target coverage and
improving the 5-year local control rates for stage Ill disease up
to about 79%.25 2’ Thus, the use of interstitial needles with HDR
intracavitary brachytherapy can obviate the differences observed
in the outcomes of stage B patients treated with LDR versus HDR
brachytherapy.

Recent studies have shown that the outer margins of tumors may
be missed with HDR brachytherapy if the dose prescription is opti-
mized to point A without three-dimensional (3D) image guidance,
especially if the tumor has not regressed significantly at the time of
brachytherapy.2-* Image-guided planning allows for better tumor
localization and delineation with more accurate optimized planning
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to improve dose inhomogeneity, especially in patients with bulky
disease.

In 2020 the Center adopted 3D image guided planning after
acquiring a linear accelerator and accompanying planning systems
with Intensity Modulated Radiation Therapy (IMRT) capability.
Furthermore, a radiation oncologist from the Center is currently
receiving training in Canada to attain competencies in advanced
radiotherapy techniques including the use of interstitial needles for
the management of gynecologic malignancies.

CONCLUSIONS

This study shows that patients with cervical cancer treated in
our center with LDR versus HDR brachytherapy have comparable
2-year local control, disease-free survival, and overall survival for
all disease stages, except for those with stage llIB disease who
had statistically significant inferior local control and disease-
free survival when treated with HDR brachytherapy. Refinement
of the HDR brachytherapy technique is necessary to achieve a
better outcome for patients with bulky disease treated with HDR
brachytherapy.
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