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Introduction
Management of locally advanced cervical cancer is a challenge to 

oncologist. The mainstay of treatment in cancer cervix is radiotherapy. 
A desired proportion of external beam radiation and intracavitary 
brachytherapy is most commonly followed worldwide. External beam 
radiotherapy delivers uniform irradiation to a block of tissue including 
tumor volume and safe margins in the pelvis. The standard external 
radiotherapy consists of a dose per fraction of 1.8-2.25 Gy per day 
treating five-days-a-week for 4-5 weeks with 2-days weekend break. 
Following external beam radiotherapy, intracavitary brachytherapy 
is supplemented to increase radiation dose to the primary tumor. 
Currently recommendation of brachytherapy is in transition: shifting 
from classical low dose rate (LDR) system to multifractionated high 
dose rate (HDR) system [1]. Multiple randomized clinical trials have 
documented equi-effectiveness of HDR in place of classical low dose 
rate brachytherapy. The right fractionation scheme is still debatable 
however a fractionation of 2-3 fractions seem more practical in clinical 
practice [2].Though concurrent chemo-radiotherapy is the standard of 
care in many developed countries [3,4], the above technique in bulky 
disease has been questioned by some authors due to prohibitive toxicity 
and discontinuation of radiotherapy in developing world [5,6]. In 
developing countries, long treatment course and travel to radiotherapy 
centers every day resulted in discontinuance of effective radiotherapy 
treatment.

Radiobiological challenges are of paramount importance to 

decide about fractionation to limit late morbidity and increased dose 
to improve local control rate. Altered fractionation schemes like 
hyperfractionation or hypofractionation and its modifications have 
been tried to improve radiation dose and decrease overall treatment 
time [7]. Further, repopulation of clonogens during radiotherapy 
might result in radioresistance. Breaks during radiation therapy are 
known to decrease local control rates [8]. Saunders and their co-
workers from Mount Vernon Hospital London have popularized 
continuous hyperfractionated accelerated radiotherapy (CHART) 
technique to reduce dose per fraction, total tumor dose, and decrease 
overall treatment time, so that the treatment schedule finish before 
development of radiation morbidity and repopulation of clonogens. 
CHART radiotherapy scheme have shown to be effective in head & 
neck, lung, and rectal cancers with tolerable acute and late morbidity 
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Abstract
Background: Fractionated external beam radiotherapy followed by intracavitary brachytherapy is the 

mainstay of treatment in cervical cancer. Due to long radiotherapy course, patients in developing countries default 
effective radiotherapy. Treatment break or discontinuance leads to treatment failure. Continuous hyperfractionated 
accelerated radiotherapy (CHART) is an altered fractionation scheme used to reduce overall treatment time, 
overcome tumor repopulation thus could be an option in cervical carcinoma. 

Methods: Twenty-five histopathological documented locally advanced cervical carcinoma (FIGO stage IB2-
IVA) were treated with 42Gy/30fractions external radiotherapy over 10-day period at an inter-fraction interval of 
6 hours using CHART technique. Following CHART, patients were subjected to high dose rate brachytherapy to 
a dose schedule of 9Gyx2 at weekly interval. The response to above radiotherapy protocol and morbidity pattern 
was evaluated. 

Results: All patients completed planned CHART external radiotherapy. The median follow-up was 32-months 
with a pelvic control rate of 68% and 24-month overall survival was 72%. The most common acute toxicity in CHART 
technique was fatigue (64%) and diarrhea (52%), the late effects being rectal bleeding (2-cases), subcutaneous 
fibrosis (1-case), spinal pain (1-case).

Conclusion: CHART technique is an effective and well tolerated technique in locally advanced cervical cancer 
at a cost of manageable fatigue and diarrhea. Further investigation involving large number of patients is warranted 
to evaluate this technique.
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[7,9,10]. Here we would like to try 10-days CHART radiotherapy 
technique for the management of locally-advanced cervical cancer.

Materials and Methods
This is a pilot study using external beam 10-day CHART technique 

for locally advanced cervical cancer. In addition, patients received two 
fractions of high dose rate brachytherapy within 1-2 weeks following 
external radiotherapy. The patients were pooled from the oncology 
clinics of Radiotherapy unit of University hospital, Universiti Sains 
Malaysia from 2003-2007. This research was reviewed by the research & 
ethical committee of Universiti Sains Malaysia and research committee 
of Ministry of Science, Technology and Innovation (MOSTI).

Patient selection

All patients of locally advanced cervical cancer patients with bulky 
FIGO stage IB (>5cms), IIA, IIB, IIIA, IIIB and IVA were recruited for 
the study. Patients with age range of 20 to 80 years, histopathological 
proof of cancer, willing to voluntarily participate and sign informed 
consent was allowed to enter in this trial. However patients with past 
history of radiotherapy and chemotherapy, connective vascular disease 
and uncontrolled diabetes mellitus were excluded from the study. A 
thorough clinical evaluation and pelvic examination under anesthesia 
(EUA) was performed to assess local primary disease and primary 
tumor volume. Contrast enhanced CT scans was performed to assess 
gross tumor volume and extent of disease. Routine full blood count, 
liver function test, chest radiograph were obtained before starting 
treatment. Histopathological evaluation of the biopsy specimen was 
mandatory, and cystoscopy and proctosigmoidoscopy was advised in 
advanced cases.

Treatment protocol

In this study, patients were simulated using conventional simulator 
(Mevasim, Siemens) and check films were obtained for verification and 
record. The upper border of the antero-posterior field was kept at L4/
L5 junction and lower border at 2-4 cms below the palpable tumor in 
the vagina during simulation. The lateral border included 2 cms lateral 
to the lateral pelvic brim. In patients with antero-posterior separation 
more than 20 cms were treated with 4-field box-technique. The upper 
and lower border remained same as antero-posterior field, however 
the posterior border bisect the S2 sacral vertebra and anterior border 
placed behind the symphysis pubis. The dose was calculated at the mid-
plane in antero-posterior technique and at the isocenter in 4-field box 
technique. A tumor dose of 42 Gy in 30 fractions (140cGy per fraction) 
was delivered over 10-days using a 6-MV linear accelerator (Primus, 
Siemens). Each fraction was delivered 3-times a day at an inter-
fraction interval of 6 hours (i.e. 800 hours; 1400 hours and 2000 hours) 
continuously without weekend break. We did not apply any mid-line 
shield during external radiotherapy treatment.

One to two week following completion of external beam 
radiotherapy, two fractions of HDR intracavitary brachytherapy 
was delivered using microSelectron HDR unit (Nucletron BV, The 
Netherlands) at weekly interval. The brachytherapy applicators were 
inserted under general or spinal anesthesia. Individual computer 
treatment planning was done using Plato treatment planning system 
(Nucletron BV, The Netherlands). The calculation was based on the 
recommendations of ICRU-38 guidelines [11]. A HDR radiation 
dose of 9Gy was prescribed to the Manchester point-A. The rectal 
and bladder dose was restricted to 60% and 80% of the Manchester 
point-A dose. The dose optimization was performed utilizing dwell 
time optimization technique. The patients with suboptimal regression 

and deformed geometry were treated with boost external radiotherapy 
dose of 20Gy in 10 fractions over 2-week period.

Monitoring

The radiation side-effects of the pelvic sensitive end-organs were 
assessed using radiotherapy and oncology group (RTOG) grading 
system. Patients were monitored daily for recording of acute toxicity 
and on subsequent follow up for late toxicity. Each and every adverse 
event was recorded systematically in the case report form. All patients 
were hospitalized to observe any side-effects and change in body 
weight every week. A validated World Health Organization (WHO) 
Quality of life in Bahasa Malaysia language was recorded for every 
patient before and after the completion of external beam radiotherapy 
and before brachytherapy. The performance status was recorded using 
ECOG performance scale.

Clinical examination and examination under anesthesia (EUA) 
was done in all cases after completion of radiotherapy, and clinical 
pelvic examination alone on subsequent follow up visits in combined 
multidisciplinary gynecologic oncology clinic at 2-months interval. 
A CT scan was performed every 6-months interval to assess the 
abdominopelvic disease status. The results of clinical assessment were 
documented as complete response (CR), partial response (PR) or stable 
disease (SD) at the end of 6-week post radiotherapy. On follow up the 
disease status was evaluated as no evidence of disease (NED), local 
recurrence or metastatic disease.

Observations
Patient characteristics

The study was conducted between September 2003 to July 2007 

Response to radiotherapy
Complete response 12(48%)
Partial response 10(40%)
Stable disease 03(12%)
Disease status on last follow up
No evidence of disease 12(48%)
Local recurrence 08(32%)
Metastatic disease 04(16%)
Lost to follow up 04(16%)
Survival
Median follow up 32-months (range 7-76months)
Median Survival 51 months
24months survival 72%

Table 1: Outcome of treatment.

Table 2: Acute and late complications associated with CHART.

Toxicity Total (%) G1 G2 G3 G4
Acute Morbidity 
fever 04(16%) 3 1 0 0
Nausea 07(28%) 5 2 0 0
Vomiting 06(24%) 6 0 0 0
Fatigue 16(64%) 9 4 2 1
Abdominal pain 07(28%) 7 0 0 0
Diarrhoea 13(52%) 8 4 1 0
Tenesmus 02(8%) 2 0 0 0
Late Morbidity 
Rectal bleeding 02(08%) 0 2 0 0
Subcutaneous fibrosis 01(4%) 0 1 0 0
Spinal pain 01(4%) 0 0 0 0
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and 25 patients of invasive cervical cancers were recruited. The median 
age was 50-years (range 41-68 years). External beam radiotherapy 
was completed in all patients as per the protocol. The overall duration 
of external radiotherapy was 10 days. Out of 25 patients, 23 patients 
completed full courses of external radiotherapy and brachytherapy 
as per protocol as two patients were not suitable for brachytherapy 
insertion due to unfavorable pelvic geometry.

The immediate post radiotherapy response was assessed at the 
end 6-week of radiotherapy treatment. There were 12(48%) complete 
response (CR) and 10(40%) partial response (PR) and 3(8%) stable 
disease observed at the end of 6-weeks. On follow-up, local recurrence 
was observed among 32% of patients, whereas metastatic disease was 
discovered in 16% patients (Table 1).

All patients were monitored daily for the development of acute 
complication and on subsequent follow-up for late complications. 
The most common acute morbidities were vomiting, nausea, diarrhea, 
fatigue and fever. The morbidities were grade-1 and 2 and described 
in Table 2. The late morbidities were very few noted among 4-patients 

distributed as rectal bleeding (2), subcutaneous fibrosis (1), and spinal 
pain (1). The quality of life was assessed using WHO general quality of 
life scale performed before and after treatment which did not show any 
difference and presented as Figure 1.The median follow up period was 
32-months with a. median survival on Kaplan-Meier survival analysis 
was 51-months (Figure 2). The 24-month overall survival was 72%. At 
the time of reporting 9-patients (36%) have died of disease and one of 
the deaths was unrelated to cancer.

Discussion
Current study revealed encouraging response rate and acceptable 

grade1-2 acute toxicity among treated patients. The grade1-2 late 
toxicity was 16% at a median follow up duration of 32-month. The 
dose fractionations used in our trial being 42 Gy in 30 fractions over 
10 days. The biological equivalence in term of BED10 was 48Gy. The 
teletherapy dose was reduced to 42 Gy in our study as the patients 
were subsequently treated with HDR brachytherapy. The combined 
BED of external and intracavitary brachytherapy being 60Gy. The 
overall (CR+PR) response rate was 88% and the 24-month survival 
rate was 72%. Though we had incomplete treatment among 2-patients, 
however, the survival and local control and tolerance to treatment 
were acceptable. Further escalation dose per fraction to1.5 Gy t.i.d in 
30 fractions over 10 days could improve outcome in term of response 
rate. Perhaps inclusion of concurrent chemotherapy to above CHART 
protocol might improve the outcome further by controlling distant 
metastases. However large number of patients with long term follow 
up is necessary for the validation of CHART in cancer cervix. The use 
of altered fractionation in cervical cancer is observed in various clinical 
trials as summarized in Table 3. However these studies suffered from 
limited sample size and higher late end-organ toxicity.

Treating three times a day continuously without week-end break 
is a novel fractionation scheme being developed by Saunders and 
Hoskins from Mount Vernon Hospital and Grays Laboratories London 
to treat advanced head and neck cancer. Reducing dose per fraction, 
total duration of treatment and total dose has resulted in better survival 
rate compared to conventional fractionated radiotherapy in head and 
neck cancers [7]. Subsequently trials on non-small cell lung cancer too 
demonstrated better local control rate without increased late toxicities 
[20,21]. A trial on advanced rectal cancers treated with similar CHART 
schedule (i.e. 54Gy in 36 fractions over 12 days) was observed to be well 
tolerated and achieved optimal palliation [10]. The late complications 
were very minimal. Another published trial using 25Gy in 15 fractions 
over 5-days in CHART has been tried among T3 resectable rectal 
cancers as preoperative regimen. In this study, one patient developed 
grade-3 bowel toxicity and 2 patient’s grade-2 toxicity out of 20 
rectal cancer patients studied [22]. In another study by Henk et al 
CHART protocol was administered concurrently with radiosensitizer 
nimorazole in a phase-II study on head and neck cancers. 61 inoperable 
head and neck cancers were treated with 56.5Gy in 36 fractions over 12 
days along with radiosensitizer nimorazole. The locoregional control 
of patients was 55% at 2 years suggesting positive effects of nimorazole 
[23]. Thus nimorazole supplementation could be an option in addition 
to CHART in cancer cervix in future. The mature data of CHART on 
late reacting tissues and response to treatment was consistent in the 
recently reported results of Mount Vernon group. 

Altered fractionation in the pelvic region is always considered to 
be toxic due to presence of rapidly renewing tissues in the bowel and 
bladder. There is a common notion for the development of diarrhea and 
tenesmus from the earlier experience of hyperfractionated radiotherapy 

Figure 1: The change in WHO quality of life score before and after treatment.

Figure 2: Kaplan-Meier Survival graph showing overall survival.
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of the urinary bladder and cancer cervix. The acute bowel toxicities 
in conventional fractionation is in a range of 10-20% whereas with 
hyperfractionation the figure rise to 40-50% and the grade 3-4 toxicity 
are 12%. In our study we observed 56% grade-1-2 acute bowel toxicity 
however the bladder toxicity was rare. In the Glynne-Jones series, the 
bowel toxicity was 33 % and very low in Brooks study [10,22]. A pilot 
study conducted by Saunders et al in 1986 on advanced cancer cervix 
with 12 days CHART technique was tolerable; however the result was 
not published due to slow recruitment of patients [9].

The main drawback of our study is logistic for the delivery of three 
fractions per day continuously in weekends. However considering 
the radiotherapy dropouts in our set up justify the adoption of above 
technique to complete radiotherapy and brachytherapy in time in very 
short time. The late toxicity in our series with 32-month follow up were 
tolerable, however long-term follow up could be of value to study late 
effects in future.

In conclusion, we observed 10-days CHART technique as a safe and 
well tolerated regimen for the treatment of locally advanced cervical 
cancer resulted in optimal local control rate and toxicity profile. Further 
study should focus on optimal sample size, higher dose per fraction, and 
increased fractionation for HDR brachytherapy to improve outcome. 
In low volume disease concurrent chemoradiotherapy, hyperthermia 
or incorporation of radiosensitizing agents could improve therapeutic 
ratio in future.
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