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Abstract: Locally advanced cervical cancer has a poor prognosis and is difficult to treat by surgery; authors’ evaluated 

feasibility and safety of the simultaneous integrated boost (SIB) technique for dose escalation in patients with cervical 
cancer using a rotational dynamic Intensity Modulated Radiation Therapy Technique (VMAT

®
). 

Authors evaluated 10 patients affected by loco-regionally advanced, node negative, inoperable cervical cancer. All 

women received primary chemoradiation (CRT). Six pts received three cycles of platinum-based chemotherapy (CT) 
plus CRT. Three Programmed Temperature Vaporization (PTV) were delineated: PTV1 (primary, cervix and parametria 
with a 1cm-margin); PTV2 (body of uterus with a 1cm-margin); PTV3 (pelvic nodes). PTV1 was defined using image 

fusion between CT-scan and RM or PET/CT. Treatment plans, calculated using a rotational dynamic Intensity Modulated 
Radiation Therapy (IMRT) system on Oncentra Masterplan

®
 (VMAT

®
), and consisted in a simultaneous integrated boost. 

Total treatment time was 45 days. Concomitant CT consisted of weekly cisplatin 40 mg/m
2
. Dose–volume histograms 

and acute gastrointestinal, genitourinary, and hematological toxicity were evaluated. Secondary endpoint was evaluation 

of short term disease free survival. Three months after CTRT, patients were revaluated with colposcopy and cytology 
and Pelvic imaging. After six  and  twelve months from CTRT, reevaluation included PET-CT or Chest CT scan and 
Abdominal and Pelvic RM. All patients concluded radiation without suspension. Cytology demonstrated complete 

response (CR) in 4 pts in the ERT fraction of brachytherapy (BRT) group and in 1 pts in ERT alone group. All other 
patients showed a partial response (PR) > 75%. After a median follow up of 20 month (range 16-22), 5 patients are free 
from disease (NED), 4 patients are alive with disease (AWD) and 1 patient died after three months (DOD). In 2 AWD 

patients, re-staging PET showed a RC of pelvic disease with evidence of disease in lomboaortic nodes. One of them 
received salvage radiation therapy on recurrence. After this preliminary experience, in patients with inaccessible cervical 
canal, authors could propose the dose escalation on PTV1, with the aim of delivering BED as near as possible to 85Gy.  
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INTRODUCTION 

The Radiotherapy represents an important 

challenge in the management of locally advanced 

cervical cancer, when the radical surgery is not 

feasible. However, local recurrence rate is very high in 

locally advanced or node positive stages, reaching in 

some series 70% [1-3].  

Guidelines suggest that doses of 85 Gy delivered to 

point A could be considered potentially curative in  
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locally advanced cervical cancer [4]. In standard 

radiation treatments of cervical cancer, doses 

biologically equivalent to 85 Gy can be reached with a 

combination of conventional fractionated 3DCRT and 

hypofractionated brachytherapy. In node positive 

disease or in locally advanced cancer with stenosis of 

cervical canal, high external beam doses are 

necessary for local control of disease, but the proximity 

of healthy tissues as rectum, bladder and femoral 

heads can limit dose prescription. In fact, pelvic lymph 

node regions lie adjacent to the major pelvic organs 

such as small bowel, bladder and rectum and together 

with the pelvic floor form a cup-shaped volume, so 

most of the pelvis contents are exposed to the 
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prescribed radiation dose [5]. This leads to increased 

acute and late toxicities. Grade III radiation cystitis and 

proctitis are in the range of 3–15% after radiation alone 

and, in combination with chemotherapy, toxicity can be 

expected to be still higher [6-7]. Acute toxicity, often 

causes interruption or discontinuance of radiation 

treatment, with consequent potential impact on the 

outcome, since literature data suggest that local control 

can be reduced by total treatment time longer than 8 

weeks [8-11]. Intensity Modulated Radiation Therapy 

(IMRT) improves dosimetric results, limiting radiation 

delivered to normal tissue and allowing dose escalation 

to target volume, probably producing favourable clinical 

outcomes such as lower rates of gastrointestinal and 

urinary toxicity after whole pelvis irradiation [12-14]. 

Moreover, IMRT allows simultaneous integrated boost 

delivery, shortening treatment time when brachitherapy 

is not performable. In this paper, authors evaluated 

feasibility of dose escalation in locally advanced 

cervical cancer treatment using a rotational dynamic 

Intensity Modulated Radiation Therapy Technique 

(VMAT
®
). VMAT

®
 delivers radiation by rotating linac 

gantry around the patient through one or more arcs 

with radiation continuously on. As it does so, a number 

of parameters can be varied, including MLC aperture 

shape, fluence output rate (dose rate), gantry rotation 

speed and multileaf collimator (MLC) orientation [15-

16]. Treatment is performed by rotating the gantry over 

a single or dual arc(s), with MLC set and shaped to 

cover the target. This entails rapid execution of a 

sequence of control points each defining multileaf 

collimator (MLC) shape, MLC segment dose, and a 

gantry-angle window across which each shape sweeps 

dynamically. The aim of this paper is to describe a 

protocol that provides radiation delivery in a 

simultaneous integrated boost through the use of a 

volumetric IMRT technology. We evaluated early 

toxicity of high dose IMRT with concomitant 

chemotherapy in patients affected by locally advanced, 

inoperable cervical cancer. The secondary endpoint 

was evaluation of the short-term disease-free survival. 

MATERIALS AND METHODS  

Since May to December 2011, eighteen patients 

with histological confirmed cervical cancer were 

evaluated in our Disease Management Team for 

Gynecologic Malignancies. Because of locally 

advanced disease (stage IIB-IV), ten of them were not 

suitable for radical surgery. 

In our institution, in patients with cervical cancer in 

stage > IIB chemoradiation (CRT) is indicated as 

definitive treatment [4], while patients with inoperable 

stage < IIB receive neo-adjuvant chemotherapy with 3 

cycles of Taxotere-Ifosfamide-Cisplatin (TIP) and re-

staging to evaluate the eventual down-staging and 

consequent surgery indication. CRT has been indicated 

as definitive treatment in four patients, while six 

patients underwent induction chemotherapy followed 

by definitive chemoradiation, because the disease was 

still inoperable. To computerize a radiation treatment 

plan, in every patient a CT-scan in treatment position 

was obtained. Each patient was instructed to empty the 

rectum every day (even using a laxative in case of 

constipation) and to control bladder repletion by 

emptying it and drinking 1/2 litre of water 30 minutes 

before each radiotherapy procedure (CT scan and 

each treatment fraction). On each CT scan three 

clinical target volumes (CTV) were delineated: CTV1 

including primary and involved nodes (GTV= gross 

tumor volume) with a 5 mm-margin, cervix and 

parametria, CTV2 includes body of uterus and CTV3 

including pelvic nodes (obturator, internal and external 

iliac, common iliac and presacral nodes). In one patient 

with positive pelvic node lomboaortic prophylactic 

irradiation was performed. A CTV4 including 

lomboaortic nodes was defined in slice below a plan 

encompassing kidneys’ hilum. GTV and CTV1 was 

defined using image fusion between CT-scan and RM 

or PET/CT. To obtain planned target volumes, an 

additional three-dimensional 5 mm-margin was added 

to CTVs. Treatment planning system was Oncentra 

Masterplan
®
 and radiation therapy was delivered with 

VMAT
®
. In each treatment plan a simultaneous 

integrated boost (SIB) – i.e. the delivery of different 

doses to different volumes during the same radiation 

fraction- was calculated.  

Before the treatment planning all the patients were 

evaluated through an hysterometry, In patients with 

accessible cervical canal, prescription doses were 

60/2Gy to PTV1 and PTV2 and 54/1.8Gy to PTV3 and 

PTV4. Total treatment time was 45 days (Figure 1A). 

At clinical evaluation, four patients presented cervical 

canal involvement and were judged not eligible for 

BRT. In these patients radiation doses were 

69.9/2.33Gy to PTV1, 60/2Gy to PTV2 and 54/1.8Gy to 

PTV3 in 30 fractions. Total treatment time was 40 days 

(Figure 1B). Each patient received concomitant 

chemotherapy, which consisted in six weekly 

administrations of cisplatin (40 mg/m
2)

. Radiation 

toxicity prediction was performed on dose–volume 

histograms, using QUANTEC healthy tissue constraints 

[17-18]. The organs at risk of toxicity (OARs) were 

delineated according to the consensus guidelines 
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suggested by the Radiation Therapy Oncology Group 

(RTOG) [19]. An example of treatment plan and dose 

volume histogram (DVH) is shown in Figure 2. Acute 

gastrointestinal and genitourinary side effects were 

evaluated during weekly examination and 

hematological toxicity was monitored with weekly blood 

cells count. Toxicity was classified according to RTOG 

Acute Radiation Morbidity Scoring Criteria. Disease re-

staging was performed after three months from 

treatment completion. Each patient underwent 

colposcopy and cytology and pelvic imaging. Follow-up 

consisted in PET-CT or Chest CT scan and Abdominal 

and Pelvic RM after six and twelve months from CRT. 

RESULTS 

In any treatment plan, reporting of PTVs evaluated 

on DVHs was at least V95=95%. Dose constraints to 

OARs were respected. Toxicity pattern was 

represented by gastrointestinal side effects G1 in 5 

patients and G2 in 3 patients; genitourinary side effects 

G1 in 4 patients and G2 in 2 patients. No G3-G4 events 

were registered during radiation or in the ninety days 

 

Figure 1: A: schedule with combination of external beam radiation (EBR) in arabic numbers, and brachitherapy (BRT) in roman 
numbers and arrows. B: schedule with external beam radiation alone. CT: chemotherapy administration. 

 

 

Figure 2: Example of treatment plan and dose volume histogram (DVH). 
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after treatment conclusion. All patients complete 

radiotherapy without suspension. Only one patient with 

disease infiltrating bladder wall, after four months 

developed a fistula between bladder and vagina which 

required surgical correction. One patient developed G2 

anemia, which needed Eritropoietin administration. 

Biological Equivalent Doses were calculated 

according to linar-quadratic model formula:  

BED = D( /  + d)/( /  + 2) 

(D= total dose; d= dose fraction; / = parameter typical 

of each tissue, describing radio sensitivity of that 

tissue) 

When combined ERT-BRT treatment was 

performed, BED on primary was 90 Gy, assuming a 

tumor /  ratio of 10. In patients treated with 

hypofractionation, BED on primary was 72 Gy.  

Re-staging after three months demonstrated 

complete response (CR) in four patients in the ERT-

BRT group and in 1 pts in ERT alone group. All other 

patients showed a partial response (PR) > 75%. After a 

median follow up of 20 month (range 16-22), five 

patients are free from disease (NED), four patients are 

alive with disease (AWD) and one patient died after 

three months (DOD). In 2 patients AWD, re-staging 

PET showed a RC of pelvic disease with evidence of 

disease in the lomboaortic nodes. One of them 

received salvage radiation therapy on recurrence. 

DISCUSSION 

Generally, on patients with advanced cervical 

cancer and inaccessible cervical canal, literature 

suggests that, in the case of cervical cancer, curative 

Biological Effective Dose (BED) must be at least 85 Gy 

and this dose level is achievable when it is possible to 

combine ERT and BRT. Unfortunately, the increase of 

dose is limited by toxicity. The prescription of different 

doses to cervix and uterine body by SIB-IMRT could 

allow the dose escalation on primary, without toxicity 

arising, because of small bowel sparing. Moreover, 

IMRT, allowing banana-shaped isodoses, could provide 

to mantain rectum and bladder doses within tolerance. 

In all our patients, total treatment time was less than 8 

weeks, as recommended by literature to improve local 

control. 

In 2012, Cozzi et al. published a dosimetry 

comparison between conventional IMRT with fixed 

fields and volumetric arc modulated radiotherapy in 

cervical cancer. Authors concluded that volumetric 

modulation provides to better OARs sparing without 

compromising target coverage [20]. 

Most literature about IMRT in cervical cancer 

suggests that results in terms of toxicity are 

comparable with those obtained with conventional 

treatment [21]. Also in our series, despite higher doses 

prescribed, toxicity pattern remains similar to 3DCRT.  

Disease control remains an important issue in these 

patients. In fact, despite improvements in the outcomes 

of single or combined modality treatment for achieving 

higher local control of cervical cancer, local recurrence 

or distant metastasis after initial (surgical or radiation) 

treatment remain a major therapeutic challenge. 

Literature reports a 10-20% recurrence rate after 

surgery or radical radiotherapy in early-stage cancer; 

this rate tends to increase with stage growing and 

reaches 70% in women with positive nodes disease 

[1,3,22-23]. 

Currently, chemotherapy is the main treatment 

modality in recurrent or metastatic disease, but its 

effectiveness is relative poor comparing to other 

gynecologic malignancies. Although Cisplatin has 

emerged to be the most active agent with higher 

response rate when it is administered alone [24] or in 

combination with other agents such as paclitaxel, 

vinorelbine, gemcitabine and topotecan [25], most of 

the responses are partial and effective only in the short 

terms.  

In a retrospective review of more than 526 patients 

with invasive cervical cancer, the 31% of patients 

developed tumor recurrence, of which 58% recurred 

within 1 year and 76% within 2 years [26].  

In gynecologic cancers, intensity-modulated 

radiotherapy (IMRT) has increased the potential for an 

improved outcome in cervical cancer in comparison 

with 3DCRT. Compared to conventional EBRT and 

3DCRT, IMRT allows a highly conformal dose 

distribution around the target with a steep dose 

gradient outside the targets, thus sparing OARs and 

providing an opportunity for dose escalation, arising 

tumor control probability and maintaining side effects 

incidence within tolerated ranges.  

Based on the theoretical benefits of IMRT 

mentioned above, it is yet to be determined whether it 

has an impact on the global outcome. 

A study by Piver et al. reported a 5-year survival 

rate of only 9.6%, with death rates of 16.1% from 
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complications and 74.1% from cancer. The intestinal 

complication rate in patients who received 60 Gy of 

split-course irradiation in 8 weeks was 61.9% and only 

10.0% in the patients who primarily received 44–50 Gy 

in 4.5–5 weeks [27].  

The results of RTOG 92-10 showed that twice-daily 

fractionation of para-aortic nodes (PALN) irradiation 

combined with chemotherapy is highly toxic, resulting 

in an unacceptably high rate (17%, 5 of 29) of Grade 4 

late toxicity. One patient died of acute complications of 

the therapy [28]. However, in comparison to PALN 

conventional radiation techniques, the use of PALN- 

IMRT is feasible because of significant sparing of the 

critical normal structures [29-30]. The radiation dose to 

the GTV was escalated from the conventional 45–60 

Gy, whereas the PTV region received 45 Gy [31]. Eight 

patients in our study were treated with PALN-IMRT, 

with a median dose to PTV of 50 Gy. Of these, 3 

patients developed grade 3 leucopenia and 1 patient 

developed grade 3 intestinal obstruction 10 months 

after the radiotherapy. 

In our series, only one patient received PALN 

irradiation. Toxicity pattern in this patient was not 

increased, because of high conformal dose distribution 

around lomboaortic region, with a rapid dose fall-off out 

of the target. This dosimetry allows OARs sparing, also 

in case of very near healthy tissue, such as kidneys. 

In several studies, the use of IMRT in patients with 

cervical cancer showed clinical benefits such as 

reduction in acute gastrointestinal and hematological 

toxicity. Mundt et al. in a retrospective study comparing 

IMRT and conventional EBRT in patients with 

gynecologic malignancies, demonstrated a Grade 2 

acute gastro- intestinal toxicity of 60% vs. 91% 

(p=0.002), while Grade 3 toxicity did not develop in any 

of the patients. No or only infrequent anti diarrhea 

medications were needed (75% vs. 34%, p=0.001). 

Grade 2 genitourinary morbidity was reduced from 20% 

to 10% after administration of IMRT [30], and chronic 

GI toxicity was 11.1% vs. 50.0%, (p=0.001) [32].  

In Roeske’s analysis, the most significant factor that 

was correlated with acute GI toxicity was the volume of 

small bowel receiving the prescription dose of 45 Gy 

[33].  

Another side effect relatively frequent in pelvic 

irradiation is represented by hematologic toxicity, due 

to irradiation of the pelvic bone, home of 40% of the 

total body bone marrow reserve. Moreover, the use of 

concurrent chemotherapy, which has become the gold 

standard in locally advanced cervical cancer, increases 

the likelihood of developing clinical myelotoxicity. IMRT 

allows hematological toxicity reduction, due to pelvic 

bone sparing. In fact, patients using intensity-

modulated whole pelvic radiotherapy experienced 

lesser Grade 2 or greater WBC toxicity than 

conventional whole pelvic radiotherapy (31.2% vs. 

60%, p=0.08) [34]. In our series, only one patient 

developed hematologic toxicity (anemia requiring 

eritropoietin administration). This side effect is probably 

due to concomitant chemoterapy, since doses to pelvic 

bones resulted fully lower than those tolerated. 

Another important advantage in using volumetric 

beam modulation consists in shortening fraction 

delivery duration [20], arising patient comfort and 

reducing intrafraction movements, so reducing 

geographical missing risk. Average delivery time was 

found to be 12 minutes. 

CONCLUSIONS 

The aim of this preliminary study is to describe the 

feasibility of an IMRT protocol for dose-escalation in 

locally advanced cervical cancer treatment. Despite 

higher prescribed doses, toxicity pattern seems to be in 

line with literature reports. This is likely to be referred to 

the greater efficiency of volumetric IMRT in healthy 

tissue sparing, so allowing dose escalation.  

Due to low patients number affecting results’ 

significance and short follow-up time, the true incidence 

of acute and late toxicity may be underestimated. 

Results, however, seems encouraging, but an higher 

number of patients and long-term follow-up studies are 

needed to confirm these results. 
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