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ABSTRACT

PURPOSE: To evaluate clinical outcomes and failure patterns in patients with locally advanced cervical cancer (LACC) treated definitively
using image-guided volumetric-modulated arc therapy (IG-VMAT).

METHODS AND MATERIALS: This retrospective review included 18 consecutively treated patients with LACC. Treatment consisted of |G-
VMAT and concurrent chemotherapy followed by intracavitary radiotherapy. The primary end points were overall survival (OS) and disease-
free survival (DFS). Acute haematologic toxicity was evaluated using Radiation Therapy Oncology Group (RTOG) criteria.

RESULTS: A total of 16 patients were either stage I1B or [1IB and the median follow-up was 30.5 months (interquartile range: 13-36.25 months).
The 2-year DFS was 63.3% (95% confidence interval [Cl]: 52.8%-72.4%) and 2-year OS was 72.2% (95% Cl: 62.1%-80.5%). There were 7

treatment failures, predominantly in-field. Acute haematologic toxicity was low.

CONCLUSIONS: IG-VMAT is associated with favourable outcomes for patients with LACC.
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Introduction
Locally advanced cervical carcinoma (LACC) is a preventable
disease and despite advances in screening and management, it
still remains prevalent in the developing world along with a
disproportionately high mortality rate.'* Delay in seeking
early medical attention due to inadequate health services in
rural areas, belonging to an economically disadvantaged popu-
lation and prevalence of misconceptions about cancer stem-
ming from a lack of education, leads to patients presenting
with locally advanced disease.>® Standard management for
LACC consists of concurrent platinum-based chemoradiation
followed by intracavitary brachytherapy (ICRT) and trials to
assess outcomes by adding adjuvant chemotherapy are cur-
rently underway.347

Radiotherapy delivery technique has evolved from bony
landmark-based treatment portals to image-guided radiotherapy
delivered by intensity-modulated radiation therapy (IMRT).*
The evidence supporting IMRT in the postoperative and defini-
tive setting is based on reduced side effects when compared with
conventional techniques.®® Nevertheless, the routine use of
IMRT in the treatment of LACC remains controversial and

attention needs to be given to target positioning uncertainties
arising due to inter/intrafraction organ motion.
Volumetric-modulated arc therapy (VMAT) belongs in the
general category of IMRT, with the key advantage of treatment
delivery speed, and when combined with image guidance (kilo-
voltage planar for bony alignment and cone beam computed
tomography [CBCT] for soft tissue matching, via an on-board
imager) prior to treatment delivery, could potentially overcome
some of these issues.1%12 The goal of this study was to analyse
clinical outcomes in patients with newly diagnosed LACC
who were treated with image-guided VMAT (IG-VMAT) and
concurrent chemotherapy (after an institutional policy change

in December 2012).

Materials and Methods

Patients

Between January 2013 and December 2014, 22 patients (KPS
[Karnofsky Performance Status] =70) were treated for LACC,

out of which 4 were excluded (2 received external beam
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radiation therapy [EBRT] at another institution and 2 were
treated with re-irradiation for isolated para-aortic recurrences
following prior treatment). Our institutional ethics committee
approved this retrospective study.

All patients underwent a pretreatment evaluation consisting
of comprehensive history, gynaecological evaluation, complete
blood count (CBC), liver and kidney function tests (LFT and
KFT), chest X-ray (CXR), cervical tumour biopsy, and con-
trast-enhanced CT (CECT) scan of the pelvis and abdomen.
Parametrial score was recorded as per the work by Hsu et al.13
Patients were staged as per the International Federation of
Gynecology and Obstetrics (FIGO) clinical staging system in
a multispecialty gynaecologic malignancy clinic comprising
radiation, medical, and surgical oncologists. Informed consent
prior to treatment was obtained from all patients.

All patients received a standard supportive care regimen
during treatment, which comprised a proton pump inhibitor
(pantoprazole 20 mg once before breakfast), 5-HT3 antagonist
(granisetron 2 mg once before breakfast), sulfasalazine (500 mg
twice daily), a low-residue protein-supplemented diet, and pro-
biotic supplements. During the course of treatment, patient’s
haematologic parameters were monitored weekly.

Simulation and treatment

All 18 patients included in this retrospective analysis received
definitive radiotherapy with VMAT followed by high dose rate
(HDR) ICRT. A radio-opaque marker measuring 5 mm x 5 mm
was placed at the lowest end of the cervical growth at the time
of simulation. Patients were simulated in the supine position
with 4-point thermoplastic immobilization cast for the lower
abdomen and pelvis, with a standardized foam block for repro-
ducible separation of the legs. Intravenous contrast was admin-
istered as per patient’s body weight. All patients were simulated
on Siemens Somatom Sensation Open (Siemens Healthineers,
Erlangen, Germany) with a slice thickness of 2mm and the
scan range was set from T12-L1 interspace to mid-femur.
About 30 minutes prior to simulation and treatment, patients
were instructed to void urine and then drink 1L of water, to
ensure bladder filling. No specific rectal preparation protocol
was followed at the time of CT simulation.

Contouring protocol

The clinical target volume (CTV) for all patients was con-
toured by a single radiation oncologist following the consensus
guidelines by Lim et al.’ The iliac vessels were contoured and
given a 7-mm margin to generate CTV_Iliac, and this expan-
sion was subtracted from bone laterally, but not from the bowel
loops medially. This decision was taken to account for the fact
that bowel loops are mobile and subtracting the CTV from
them may lead to compromising the elective nodal CTV, a
concern which has been raised by other investigators as well.’®
In addition, the CTV_Iliac was modified to include the space
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Figure 1. A representative patient’s contoured plan in the (A) axial and
(B) sagittal plane. CTV indicates clinical target volume; PTV, planning
target volume.

1.5 cm anterior to the sacrum to include the presacral nodes.
The vagina was contoured till 2cm below the cervical marker,
the parametrium was contoured as per guidelines, and the
entire fundus of the uterus was included in it.!* This was named
CTV_Vag+Para. The entire mesorectum was treated due to the
difficulty in identifying uterosacral ligament involvement in
the absence of magnetic resonance imaging—based target delin-
eation.!1¢ To account for variable organ filling, a 5-mm iso-
tropic inner margin was generated from the contours of the
bladder and rectum. The CTV_Vag+Para was then extended
up to these inner contours to generate an internal target vol-
ume. Finally,a Boolean operation was performed on CTV_Iliac
and CTV_Vag+Para to generate CTV_Final. A representative
patient with our contouring modifications is shown in Figure 1.

An isotropic margin of 7mm was applied to the CTV_Final
to generate the planning target volume (PTV_Plan). Organ-at-
risk (OAR) was contoured as per Radiation Therapy Oncology
Group (RTOGQG) guidelines.’” Bowel bag was contoured starting
2cm cranial from the most cranial slice containing the PTV
and excluded the rectum and sigmoid colon from this structure

in accordance with RTOG IMRT protocols.

VMAT treatment planning and delivery

All patients were planned on Eclipse treatment planning sys-
tem v10 (Varian Medical Systems, Palo Alto, CA, USA) with
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the progressive resolution optimizer (PROII) as inverse plan-
ning optimizer, using anisotropic analytical algorithm (AAA)
dose calculation algorithm along with modelling of the
patient support system, therefore accounting for its attenua-
tion and scattering during the VMAT planning process. All
patients were treated on Clinac 2100c (Varian Medical
Systems) with VMAT using 2 coplanar mono-isocentric arcs
with photon energy of 6 MV. The PTV was prescribed
50.4Gy in 28 fractions of 1.8 Gy each and was optimized
such that 98% of the PTV received at least 98% of prescribed
dose (PTV Dysy, = 95% was also accepted depending on the
discretion of the treating radiation oncologist), D,,,, was less
than 107% of the prescribed dose, D, ;, was greater than 93%
of the prescribed dose, RTOG homogeneity index was <0.1,
and 98% of CTV received at least 98% of prescribed dose.
The region of the PTV overlapping with the bladder and rec-
tum was optimized to achieve D, <103% of the prescribed
dose. Two patients were prescribed hypofractionated RT
(50Gy in 18 fractions of 2.78 Gy each) at the discretion of
the treating radiation oncologist.

The constraints applied for optimization were as follows:
bladder (minus PTV), 7,5 < 30% (variation accepted, Vs, < 35%);
rectum (minus PTV), 73 < 60% (variation accepted, Vs, < 35%);
sigmoid colon, V3, < 60% (variation accepted, Vs, < 35%); bowel
bag, V,,<30% and Vs < 195 cm?; femoral heads, V3, < 15% (var-
iation accepted, V3,<20%). Planning priority was to achieve
PTV and CTYV coverage first, followed by sparing of the OAR
as much as possible without compromising target coverage and
homogeneity. In addition to the above, a 3-cm shell optimiza-
tion structure was created around the PTV to improve high
and intermediate dose conformity in addition to preventing the
creation of a hotspot outside the PTV.

All treatment plans were evaluated by the treating radia-
tion oncologist and assessed by the medical physicist for
deliverability prior to approval. Quality assurance checks
were also performed with electronic portal imaging device—
based portal dosimetry with a gamma index passing criteria
of <3% and 3 mm. For the purpose of retrospective evalua-
tion, dosimetric parameters were collected in accordance
with level 2 reporting recommendations by the International
Commission on Radiation Units and Measurements (ICRU)
Report 83.18

Online imaging verification was performed for all patients
with kilovoltage planar imaging and a CBCT for the first
3 days. The acquired images were reviewed online and offline
by the treating radiation oncologist and isocenter shifts were
applied to eliminate systematic setup errors. Subsequently,
imaging verification was performed on an alternating basis
with either kilovoltage planar or CBCT for the remainder of
the treatment course. Corrections were applied online for
couch shifts exceeding 3mm but less than 7mm. For couch
shifts exceeding 7mm, the treating radiation oncologist was
notified, and the entire patient setup procedure was performed
again along with imaging reverification.

Brachytherapy planning
All patients received HDR brachytherapy with Fletcher-Suit

intracavitary applicators. Planning for every fraction was per-
formed on a simulation CT of the pelvis with the applicator in
place. Brachytherapy was delivered in 3 once-weekly applica-
tions of 7 Gy prescribed to Point A (American Brachytherapy
Society definition) with Iridium 192 afterloading source
(ICRU bladder and rectal point dose was kept below 70% of
prescription dose).’ Brachytherapy planning was performed
on BrachyVision treatment planning platform (Varian Medical
Systems) and treatment delivered on Varian GammalMed Plus
iX HDR afterloader (Varian Medical Systems). The total bio-
logically equivalent dose in 2 Gy fractions (EQD2) for patients
receiving standard dose EBRT with ICRT was 79.3 Gy and for
patients receiving hypofractionated EBRT with ICRT was
83 Gy.

Chemotherapy

Chemotherapy was received by 83% of patients and almost all
patients received concurrent cisplatin weekly at a dose of
40mg/m? (1 patient received carboplatin due to altered renal
function). Compliance with chemotherapy was high with 93%
of patients receiving the planned 5cycles of chemotherapy.
Chemotherapy was delayed if weekly absolute neutrophil count
or platelets were less than 500/mm3 or 100 000/mm3, respec-
tively. Packed cell transfusions were given if haemoglobin was

less than 9 g/dL.

Outcomes

The end points were overall survival (OS) and disease-free sur-
vival (DFS). Acute haematologic toxicity was evaluated and the
worst toxicity noted in the longitudinal variables of haemato-
logic parameters (Hb, total leucocyte count, and platelets) was
evaluated during the course of treatment. Reporting was per-
formed according to the RTOG toxicity scale.?’ Patients were
followed up every 2months for the first year, every 3 months
during the second year and 6 monthly thereafter. At every fol-
low-up, history, complete physical examination, and relevant
investigations (CBC, KFT, LFT, CXR, CECT pelvis) were
performed. Information on treatment failure and survival was
obtained through institutional records. Treatment failure was
documented by positive biopsy, clinical examination, or radio-
graphic findings and classified as in-field (within PTV) or out-
of-field (outside PTV).

Statistical analysis

Descriptive statistics for scale variables were obtained using
mean with standard deviation or median with interquartile
range (IQR) and categorical variables were represented by fre-
quencies with corresponding percentages. Treatment outcome
was analysed as a function of overall and event-free survival.
Opverall survival was defined as the time from initiation of
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treatment to death or last follow-up. Disease-free survival was
measured from initiation of treatment to the first event of
treatment failure (local, regional, or metastatic) or death due to
any cause. If treatment failure was not detected at last follow-
up, the patient was censored at that time point for the analysis
of DFS. The uniform 6,12, 24 months DFS and OS estimates
were calculated using the Kaplan-Meier method for different
variables and differences were compared using the 2-sided
Wilcoxon log rank test. The data were analysed using IBM
SPSS for Windows v22 (Armonk, NY, USA). The 2-sided ‘P
value <.05 was considered as statistically significant. Dosimetric
data was extracted and compiled using DVHmetrics v0.3.5
(www.rdocumentation.org/packages/DVHmetrics) available
for R software environment (www.r-project.org).

Results

Patient characteristics

Patient characteristics are shown in Table 1. The median fol-
low-up of surviving patients was 30.5months (IQR:
13-36.25 months). 83% of patients had squamous cell carci-
noma histology and 61% had enlarged pelvic nodes. Parametrial
score was equally distributed between those with a score less
than or equal to 3 and more than 3.13

Patterns of failure

The characteristics of patients with locoregional and distant
failures are shown in Table 2. Out of 7 patients, 5 failed within
the cervix (1 of whom also failed synchronously in the supracla-
vicular nodes and mediastinal nodes). One patient failed in the
regional pelvic nodes, whereas 1 failed in the para-aortic and
mediastinal nodes. One patient failed by developing peritoneal
deposits. In total, there were 4 in-field failures, 2 out-of-field
failures, and a single combined in-field/out-of-field failure.

DFS, OS, haematologic toxicity, and results of

univariate analysis

The 2-year DFS was 63.3% (95% confidence interval [CI]:
52.8%-72.4%) and OS was 72.2% (95% CI: 62.1%-80.5%), as
shown in Figure 2. Mean duration of DFS and OS was
27.6months (95% CI: 20.7-34.4months) and 35.6 months
(95% CI: 27.7-43.4 months), respectively. None of the variables
tested were significantly associated with DFS and OS on uni-
variate analysis (Supplementary File 1, which shows results of
univariate analysis). Overall treatment time and minimum hae-
moglobin level during the course of treatment were also not
significantly associated with outcomes. Worst acute haemato-
logic toxicity during the treatment course stratified by RTOG
grade is shown in Table 3. 58.8%, 17.7%, and 5.9% of patients
experienced RTOG grade 2 toxicity for haemoglobin, total
leucocyte count, and platelets count, respectively. None of the
patients experienced grade 3 or higher toxicity.

Table 1. Patient and treatment characteristics.

VARIABLES NO. (%)
Age at diagnosis, y

Mean (SD) 51.9 (8.5)

Median (IQR) 53.5 (44.3-59.3)
Histology

Squamous cell carcinoma 15 (83.3)

Adenocarcinoma 3(16.7)
FIGO staging

1B 8 (44.4)

A 1(5.6)

B 8 (44.4)

IVA 1(5.6)
Parametrial score

3orless 9 (50)

More than 3 9 (50)
Hydroureteronephrosis

Present 5 (27.8)

Absent 13 (72.2)
Pelvic nodes

Present 11 (61.1)

Absent 7 (38.9)
External beam radiotherapy

50.4 Gy in 28 fractions (1.8 Gy/fraction) 16 (88.9)

50Gy in 18 fractions (2.78 Gy/fraction) 2 (11.1)

Intracavitary brachytherapy

3 Fractions of 7 Gy each weekly 18 (100)
Concurrent chemotherapy

Weekly cisplatin 40 mg/m? 14 (77.8)

Weekly carboplatin (AUC 6) 1(5.6)

None 3(16.7)
Overall treatment time

<9wk 11 (61.1)

9wk or more 7 (38.9)
Minimum haemoglobin level during treatment

<10g/dL 6 (33.3)

10g/dL or more 11 (61.1)

Missing data 1(5.6)
Follow-up status

Alive without disease 11 (61.1)

Alive with disease 2(11.1)

Dead 5(27.8)

Abbreviations: FIGO, Federation of Obstetrics and Gynaecology; IQR,
interquartile range.
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Table 2. Patterns of failure after treatment.

PATIENT  STAGE PELVIC CONCURRENT FAILURE SITE (CLASSIFICATION)  PERSISTENT TIME TO FAILURE IN
NODES AT CHEMOTHERAPY OR CASE OF RECURRENT
DIAGNOSIS RECURRENT DISEASE
1 1B Y Y Cervix (in-field) Persistent
2 1B N N Cervix (in-field) Persistent
3 1B Y N Cervix, supraclavicular nodes, Recurrent 7mo, 19d
mediastinal nodes (in-field and
out-of-field)
4 11B N Y Regional nodes (in-field) Recurrent 20mo, 17d
5 1B N Y Peritoneal metastases (out-of- Recurrent 2mo, 13d
field)
6 11B N Y Cervix (in-field) Persistent
7 1B Y Y Para-aortic nodes, mediastinal Recurrent 3mo, 1d

nodes (out-of-field)

The histology for all patients was squamous cell carcinoma, except patient 1.

fractions, were analysed as per ICRU-83 recommendations

1.00

for level 2 reporting.!'® All plans achieved constraints for
PTV, CTV, bladder minus PTV, and rectum minus PTV.
Constraints for sigmoid colon were not achieved in 15/16
(93.75%) of plans. At least 14/16 (87.5%) plans achieved one
constraint for bowel bag. At least 10/16 (62.5%) plans
achieved the constraint for left femur head and 13/16
(81.25%) achieved the constraint for right femur head.
Detailed graphical (Supplementary File 2, which shows
graphical results of dosimetric analysis) and tabulated

0.75

Mean OS (95% CI) = 35.6 (27.7 10 43.4)
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0.25
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] 5 T y e dosimetric analysis) results of dosimetric analysis along with
Time (months) compiled dose-volume histograms (DVH) (Supplementary
File 4, which shows compiled DVH of each analysed struc-
ture and mean+2 SD bands) of patients were also generated

as per ICRU-83 recommendations.®
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Mean DFS (95% CI) = 27.6 (20.7 10 34.4) Discussion
Results of several retrospective studies and a few prospective
trials have established that IMRT results in equivalent

treatment outcomes, reduced gastro-intestinal/genito-uri-

Survival probability
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S| Disemsele M nary (GI/GU) toxicity, and reduced haematologic toxicity,
12 months 824 (52) as shown in Table 4.911,1222-242627 Despite these results,
24 months 63.3(12.0)

S controversy persists with routine use of IMRT in this clini-

! 12 24 36 43 cal setting owing to concerns of patient movement, target

Time (months)

Figure 2. Kaplan-Meier curves for overall survival and disease-free

survival.

Dosimetric analysis of VMAT plans

The dosimetric parameters of 16 of the 18 VMAT plans,
which were prescribed a standard dose of 50.4Gy in 28

movement, normal structure movement, and tumour shrink-
age during treatment.1%282° The issue of intrafractional
organ motion and consequent target displacement certainly
has the potential to lead to insufficient target coverage,
which is further amplified by longer delivery times associ-
ated with step-and-shoot or sliding window IMRT.1030
Volumetric-modulated arc therapy treatment delivery has
important differences compared with IMRT, namely, speed
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Table 3. Acute haematologic toxicity experienced by patients during treatment, stratified by category, and RTOG grade.

RTOG TOXICITY GRADE

ACUTE TOXICITY (N=17)

Haemoglobin (maximum) 4 (23.5%) 3 (17.7%)
TLC (maximum) 8 (47%) 6 (35.3%)
Platelets (maximum) 15 (88.2%) 1 (5.9%)

Abbreviations: RTOG, Radiation Therapy Oncology Group; TLC, total leucocyte count.

of treatment delivery with equivalent target coverage and
OAR sparing. Faster treatment delivery improves comfort
on the treatment couch resulting in less patient movement
during treatment delivery and minimizes the impact of
intrafraction organ motion (bladder and rectal filling over
time) on target coverage, which could increase daily treat-
ment quality.!® Another potentially important implication
of treatment delivery speed is that 2Gy delivered over
20 minutes is 5% to 10% less biologically effective compared
with the same dose delivered over 2 minutes due to the
time-dependent recovery of radiation-induced DNA dam-
age in tumour cells.3132

Results from studies using VMAT exclusively for unre-
sected LACC are only just emerging. Chakraborty et al have
recently reported early treatment and toxicity outcomes of
VMAT delivered with concurrent chemotherapy in an
elderly Indian cohort. They found no difference in OS, DFS,
and toxicity when comparing patients aged >65years with
those aged <65 years, despite a significant proportion of the
elderly cohort not receiving any chemotherapy at all (35.8%
vs 2.3%, P=.003)." A recent phase 2 multicentre trial by
Mell et al allowed VMAT delivery in patients with intact
and postoperative cases of cervical carcinoma, however, the
proportion of patients receiving it was not specified. They
reported significantly reduced rates of grade 3 or higher leu-
copenia in a preplanned subgroup analysis among patients
receiving positron emission tomography—guided image-
guided IMRT compared with those receiving IMRT alone
(8.6% vs 27.1%, P=.035).%” Mazzola et al have also reported
early clinical outcomes in elderly patients with LACC,
treated with simultaneous integrated boost VMAT up to
66 Gy without the use of brachytherapy. They reported
3-year OS and locoregional control of 91% and 80%, respec-
tively, without any acute grade 2 or higher haematologic
toxicities.!?

Our results of acute grade 2 haematologic toxicity with
VMAT are concordant with those reported by other research-
ers, with one exception that our patients did not experience
grade 3 haematologic toxicity.112627 Also, the pattern of tox-
icity observed, with anaemia predominating, is similar to
previous observations.112633 Tt is important to emphasize

10 (58.8%) 0 0 0
3 (17.7%) 0 0 0
1 (5.9%) 0 0 0

that the haematologic toxicity patterns we observed in our
study were reached without optimizing the VMAT plan to
achieve a specific constraint for pelvic bone marrow. This
finding could be explained by our use of a 3-cm shell optimi-
zation structure created around the PTV to improve high-
and intermediate-dose conformity, leading to unintentional
bone marrow sparing.3+%°

There are limitations to this study, first and foremost
being its retrospective nature and the inherent biases asso-
ciated with such an analysis. Our sample size was modest
and the small number of treatment failures precludes com-
parison with other studies. In addition, we were unable to
report GI, GU, and skin toxicity. Our study can also be
criticized for creating an internal target volume by includ-
ing 5 mm of the bladder and rectum, as well as including
the mesorectum posteriorly and not cropping the CTV
from bowel loops. These modifications are the reason why
we applied constraints to bladder minus PTV and rectum
minus PTV, rather than the whole organ, as it would have
been counterintuitive to optimize the whole organ with the
internal target volume extending into them. These modifi-
cations also explain why sigmoid colon constraints were not
achieved. The period of study represents a learning phase of
VMAT use, and to assess the impact of our contouring
modifications, we have implemented a policy change at our
institution after the initial 2-year period that mandates
standardized collection of toxicity data and we intend to
analyse them along with an expanded cohort size. It is
important to recognize that the literature on the use of
IMRT in LACC is still evolving with different investiga-
tors using varying contouring protocols, dose prescriptions,
and choice of concurrent chemotherapy, as highlighted in
Table 4.

In conclusion, IG-VMAT is associated with low haema-
tologic toxicity and favourable treatment outcomes in our
experience, supporting its safety and efficacy in the treat-
ment of patients with locally advanced cervical cancer. Issues
pertaining to intra/interfraction organ motion, optimal con-
touring, and dose prescription protocols require further
research.



Ahmad et al

(panunuo?)

dnoib

1HIAI 1o} pepiodail
Ajo1x03 € apeib oN
'920'=d ‘%0 SA
%G°€ "LHO SA 1HINI
ul eluadoona|
Jaybiy io g

apelb HO 1Y 8oy

pauodal JoN

pauodal JoN

S3INOD1NO

OI90TOLVINIVH

€0'=d ‘%ErY
SA %619 ‘Sdd
A-G 149 sA LHINI
"SN=d ‘%E'09
SA %2’ 1L SO
A-G 149 sA LHINI

(0L2-6%L ‘1O
%G6 ‘6€°C onel
piezey) %869

SA %P LG XINIBD
108JUI V||-| 86e)S
SA XIAI9D 10ejuUl

VAI-gI| ebels

ur s4a JA-g LHINI

(se'6-v¥'L ‘1D
%56 ‘L9°€ olel

piezey) %y L.
SA %P L9 XINIBD
108Ul V||-| 8BelS

SA XIAI9D 10ejul

VAI-gI| obels

ur SO A- 1HINI

140 yum
pasedwod SSH
pue SO panosdwi
Apueoniubis

ur psynsas 1HNI

S3INOJ1NO
ININLIVIHL

VN

wniewesed

pue abeulelp oneydwA|
papnjoul 1HINI-44
‘uoibal [esoesoIaIN
pue ‘[eoiniaoesed
‘wnijewesed

yum Buoje sixe
|euibeA-|ediAla0-019in
‘abeurelp oneydwA|
papnoul THINI-dM

rnpaziplepuels

9I9M SBWN[OA A 1D ‘|e 10
w7 Aq sauljepinb jo
uoneolignd Jayy “(euibea
8Uj1 JO pJiyy Jousyul

9} JO JUBWBA|OAUL

UM UBWOoM ui)

sopou [euinbui pue ‘(oel|l
|eul9)X® pue ‘[eusajul
‘uowwo9) sepou

ydwA| reuoibai ‘uoibal
|eloesalid ‘euiben ayy

JO Jey 01 pJiy} Jouadns
‘(Juasaud J1) snuain
‘wnujeweded ‘XIAI90
‘aseas|p ssolb ay}
papnjoul A LD Ajjeul

VN

x_tmo>._._>_ pue
[PONA 1D yroq pepnjoul
siajed sjoym “("*°NALD)
Aljennuaiaywinoid

wo g papuedxs

pue speay [eioWwa}

4O BIppIW 0} UOHEBIINYI]
Olji0e Wolj painojuod
S|9SSaA o®|l| |eUIB)UI
pue [euiaixa ‘oel|l
uowwog (*™*OA LIN)
awn|oA 18b6ie)
Jlj0qBloW SE pajesulap
XIAJ92 8y} jo uoibal
aAljoe Ajleoljogelaw
pepinb-13d

1000104d
ONIHNOLNOD

x4/kD2-81
‘x4 0¢-62 ul A9 6G-Gy

(LHII

plal peonpal A9 og
Aq pamojjo} 1HII
sinjed ajoym A9 0g) X4
/B2 x4 0 ul k909

X4
hoe-g'1Lukogel-g
1}S00( |eljsweled
X4/AD 8L ‘X402-€}
u ko 9e-y'eeg
:AdelayiAyoe.q

10} 9|geunsun mz:m:ma
10}3800q | HINI
x4/AD 81 X482-22
ut ko 4°05-9'6¢€

LHNI siajed sjoym

A9 0z~ xine9/sinjed
|esjuad ay} pue A oG~
PaAI90aJ SBpoU dIAj9d

Aoz~ sem
XIAI99/SIA|ed |BJju8D
Aq pani@oal asop
|ejo] ‘sapou oiajad
oyl 01 x4/AD 8’1 X422
ut A9 9°6¢ [euonppe
Aq pamoj|o} x4

/RO8L ‘X49 ur kg oL
O} 1HINI siajed 8joym

3S0da 14493

AdesaylAyoeuq (v
iod) 4aH+4AD0¢€
sy xoo|q

aulpiw yum (piai4
¥ 1o pjaid g) 140

AdesaylAyoelq

(v utod)

daH+ LHINI PIsy
paonpaJ Ag pamoj|o}
LHII siajed ajoym

1s00q
jeowesed yd-dv
juamlapun sjuaied
paloales pue

1800q | HIN| PAIBoal
AdesayiAyoelq 1oy
a|gelNsun syuaiied
‘AdesayiAyoeiq

(v u10d)

Ha1/daH+ LdHNI
sinjed ajoym

AdessyiAyoeiq

(v uiod) 4@
/daH+ LY piay Hids
pue w_>_®Q 9|OYM

AdesaylAyoelq

(v jutod)

da7/daH+ LHINI
abpam-deis-opnasd
pauue|d piemio4

SINHY AdNLS

09
uijejdogien
/19xeyjoed Apjoam
10 N4-g/une|dsio
yA) TREEIWY

joxejjoed

Jo une|dogied

10 auig|eJouln

10 8UIq|aI0UIA

June|dsio Jo
n4-g/une|dsio Jo

LLL uryedsio Apjeam

LIe

sel unedsio

OW3HO
1N3HHNONOD

J90UBD |BOINISD
pajoesalun
ali-gil

abeis 0OI4

AwojoaislsAy
jueAn(pe
juemiapun
sjuaied

10 %/ Inoqy
*19oUeD |BOIAISD
(%02) pejossal
pue (%€2)
pajoasalun yAl-|
abels 0OI4

J190uUeD |edIAIRd
pajoesalun
ganl-evl

abels 0oI4

S1IN3llvd

¢2(2102)
aAjoadsoliey lele ng
22(1102)
anoadsosley  [e 10 9||eseH
12(0102)
aAjoadsoliey e 18 ppiy

(HV3A)
HOHLNY

NOIS3d
AQN1s

*DOVY] PA10asaIuUN JO Juswieall 8yl Ul | HIAI Yum seouauadxe paysiignd palos|as Jo s|ieleq "¢ alqel



Oncology

Clinical Medicine Insights

Aloanoadsal
“ejuadojfooquiolyy
pue ‘eluadoons|
‘elwaeue

¥-€ opelb 3y 10
e1noe paousadxa
sjualed

%S’ PUB ‘%9
‘%cl I[I9A0 %9
“eluadojfooquioly}
{%0€ ‘eluadoons|
%96 ‘elwaeue
‘saloixo} Jaybiy
10 z opeib 3010
aInoe [[eJanO
'sdnoJb yjoq
usamiaq A}01x0}
ol6oj0jeWary
3vOL10 8inoe

Ul 9oUaJa}Ip ON

SN=d ‘%9°El SA
%281 LHNI dM
SA 14O ul A}101x0}
€ opelb 3y0 10
9INJE |[BIONQ
"'SN=d ‘%.'2L SA
%SG 7S LHNI dM
SA 149 ul AJ101x0}
g opeib 3y010
ajnoe |[elonQ

Ajoaoadsal
‘eluadoons|

pue elwaeue

¥-€ opeub 3y0L0
a1noe paoualadxa
sjuened %g'eg
pue %80 [leldA0
%V 7S .m_cmaoozw_
»Qom.m_. d:.tmmcm
‘sa1loIxo} Jaybiy
1o g epeib 3v010
alnae ||elanQ

S3ANODLNO
OI90TOLVINIVH

SN=d ‘%88

SA %56 :Sddd1
AL 'SN=d ‘%SL
SA %56 ‘Sdd

A-1 ‘sdnoub yjoq
U1 %001 ‘SO ‘AL
‘AG9< sA AGo>
pabe sjusied

SN=d ‘%¥'6L

SA %09 'S4d
w/g 149 sA LHINI
"'SN=d ‘%9,

SA %/°G8 ‘SO
w/g 149 sA 1THINI

%6'LL :S44T A+
1HINI %229 :'S4d
A-v LHINI %8°€L
'S0 A-¥ THINI

S3ANODLN

ININIVIHL

uonjelado uesjoog

BIA ALD 9Seasip
Arewd Jappelq (N}

pue Adwa Buiuiquod Aq
pajelauab A 1| ‘@bueyo
j0o030.1d Bulinojuoo
Ja)jy "suonoalIp Jayio

ul ww Q| pue Alousyue
wuwozg ALD esessip
Arewnd Buipuedxa

Aq pajesauab A |
SBM A L| gz+p'SOUIIGPING
Bunnojuoo Jad

se A1D oseas|p Arewnd
pue abeurep oneydwA|
papnjoul 1VINA-dM

VN

sz(le 18 JojheL

Aq sauijepinb Jad se)
sapou ydwA| oinjad pue
‘wnuyaweded ‘euiben
8y} jo wog Jaddn
‘snJain ‘XIAJ80 ‘unowiny

papnjoul THINI-dM

DAl PUE ‘elioe
ay} ‘A|feiped uibrew
Wo-1 0} -G°0 B Yum

sapou ydwA| onJoe-esed
pab.ejue papnjoul

14 onJoe-esed Joy

ALD 8yl “(sepou ydwA|
|esoesaid pue oel|l
|eulalxa ‘oel|l [eusaiul
‘OBI|I UOWIWOD BY})
sapou ydwi| jeuoibal
pue ‘wnieweled

ay} ‘euibea

ay1 Jo Jjey Jaddn ayy
‘Allreipes A1D o3 uibiew
wo-| 01-G°0 B Yyum
sinjed ayl palanod | HN|
sinjad ajoym Jo awnjon
106.e) [BOIUIO By}

pue snisn pue Jnownj
|BOIAJIBD By} papn|oul
BWN|OA JNOWN} SSOIL)

71000104d
ONIHNOLNOD

£59'19-65

9SeasIp [epou ssolb
0115009 1VINA 9IS

X4/AD 8L ‘X482-G2
ut A9 %°05-G%

x4/kD 8L
X482 Ul A9 4°0G

x4/kD 8L
X482 Ul A 4°0G

sapou

sso.b o0} A9 09-1S

10 1S00(Q JUBHWODUO0D
B UM ‘ALD

0} x4/AD8°L ‘X40€-82
ul A9 $5-4°05

3S0a 14493

oseas|p

|epou ssoib 0} }s00q
1VINA 9IS paAigdal
sjualed pajosles
‘AdesayiAyoeiq (v
juiod) HAH + LVINA
sinjed ajoym

AdessyiAyoeiq
(V 1iod)
HaH+(p1eY #) 140

AdesayiAyoeiq (v

juiod) 4aH + LHNI
sinjad ajoym

14

oljoe-eled panigoal
osje syualjed
gl "AdesayiAyoe.q (v

jutod) 4AH + LHNI

sinjad ajoym

(Ag9 ueyy sse)
10 uey} Jojealb)
sisAeue 1oy}
obe Aq payness
‘190UeD |BOIAISD
pajoasalun
gallli-gl

99 une|dsio Apjeap abeis OH|4

44

190UEBD [BOIAIBD
pajoasaiun
dali-gall

44 une|dsio Ajyeapm abeis 0|4

19DUEBD [BOIAIBD

Apjeameg pajoasalun
nd-G/une(dsio 1o ‘Il-egl
Sek une|dsio Ajyeapm abeis 0|4

OW3HO

1LN3HHNONOD

S1IN3Ilvd

u(roz) e e

aAjoadsoliey Auogenieyn
6(€102)

aAoadsold |e J@ Iypuen
v2(€102)

anjoadsoliey e 18 uayn

NDIS3a (Hv3A)

(penunuo)) *p ajqeL



Ahmad et al

‘SO ‘ue

pajeinpow-Aysusiul ‘THAI

‘papinb-abew ‘o ¢

ayel asop ybly ‘YaH ‘Aein

'sinjad ajoym g ‘Adelayy o1e pareinpow-olawN|oA ‘IINA 1s00q pajelbajul snosueynwis ‘g|s ‘dnois ABojoouQ Adelay] uonelpey ‘©Q01Y ‘[eninins aai-uoissaiboid ‘S4d ‘Aydeibowoy uol
ubis Jou ‘gN ‘Buibew aoueuosal oaubeW ‘|HIA {[BAIAINS 881}-80UB1IN03) [BUOIBBI-000| ‘S4HYHT {[BAIAINS 881)-1N|ie} [BOO| ‘ST ‘O1el 8S0p MO| ‘YT {[041U0D [BO0] ‘DT ‘awn|oA 1obie) [eulsiul ‘Al | ‘Adesay) uonelpel
‘uonoely ‘X4 ‘souyeIsqQO pue ABoj0dBUAL) Jo uoleIapa [euoneuIBlu| ‘0D {eAIAINS 9a.j-9Sess]

‘S4Q ‘ewn|on yeobie} [ed)

Jwo uosysod ‘| 3d {[BAIAINS ||BJSAO

19 ‘ALD ‘SIUSAT 8sIanpy

10} BUBIID ABojoulwla] uowwo) ‘JyD 1D ‘[eAIAINS oyoads-asned ‘SS) ‘Adelay) UOBIPEI [BUOIUSAUOD ‘| HO ‘101I8IUB-018}S0d-10118}S0d-0I8JUB ‘Yd-dV ‘|I0BIN0INOY-G ‘N4-G ‘Adeiay) uoieIpel [BWIOjU0D [eUOISUBWIP-E ‘1HDAS

Aleanjoadsal
‘ejuadolfooquiolyy
pue ‘eluadoons|
‘eluaeue

¥-€ opeub 3y0L0
onoe paousliadxa
sjuaned

%8’ PUB ‘%SGE
‘%0 I[BI9AQ %2k
‘eluadojfooquiolyy
‘9% Y/ ‘eluadoona)
%9°8€ ‘elwaeue
‘sa)o1xo} Jaybiy
o g opesb 3y0L0
2)noe [[eJanO
'SN=d ‘%8'€¥

SA %" L€ “Anoixo}
ol6oj0jeWaRY
MIELYY

'SN=d %L}y SA
%/°Ge ‘eluadoona|
‘GE0 =d ‘%}'LC SA
%98 ‘eluadolinau
LHINI SA LHINI-DI
Ul S813101X0}

JayBiy Jo g epesb
3vOL10 8oy

%0 :S81101X0}
Jaybiy Jo g epeib
ol6oj0jeWaRY
3vOL0 8oy

SN=d

‘%02 SA %01
11HOAe sA LHINI Ul
ejuadoona) Jaybiy
1oz opesb 3y0L0
2IN0Y 'SN=d ‘%G¥
SA %G€ :1HOA¢g sA
1HIAI Ul elwaeUR
Jaybiy Jo g epeib
3vOL10 8oy

S3INOJ1LNO

OI90TOLVINIVH

%9'8. 'S4d
A-g LHINI %8706
‘SO A-2 LHINI

%08 ‘01
A-€ IVINA %E6
‘SO A-€ LYWA

pauodal JoN

S3INOJ1NO
ININIVIHL

Alousyul senisolaqny
|e1yosi ay} o} Jouadns
ooeds |eigapianialul
G-¥71 8yl wouy
Buipusixe ‘sepou ydwiA|
olnjed pue ‘wnueweled
‘euiben ay} Jo jjey Jaddn
‘snJayn ‘XIAJ80 ‘Inown}
papnjoul 1HNI-dM

IHIN pue

13d woJj uonew.oyul
Buluiquoos Aq
pajelsusb g|s 10} ALD
y1'SaullapInb Bulnojuod
Jad se sinjad ajoym

yiseulepinb Bulnojuod
Jad se sinjad ajoym

yiseulepinb Bulnojuod
Jad se sinjad ajoym

1000104d
ONIHNOLNOD

sapou ssoib 0} }sooq
g1S ‘xd4/AD gl g-€6'1
‘X482 Ul kKD 1'65-vS
yum siajad ajoym

01 x4/AD 27| X482

ul AH 9/ :uswibal
4lS ‘sinjed ajoym

0} x4/A9 8°L ‘X482-G¢
ut Ao °05-G%

ALD
aseasip ssolb 0} g|S
x4/AD 22 x40€/AD99
yum siajed

8joym o} paienl|ep x4
/RO 8L X40€ Ul kD $G

x4/AD g ‘x4 G2 ut A9 0g

x4/AD g x4 62 u1 ko 0g

3S0a 14493

1VINA

/LHINI 9IS pdAIgdal
juswebiejus

apou ydwA| ssolb
UHM sjualjed ‘19oued
|BOIAI9O pajoasal
10} AdesayiAyoeiq
(e0eNS

|leuiben) HaH/1eoueo
|BOIAIOO pajoesalun
10} AdesayiAyoeaq
(poseq

QWN|OA 10 Y juiod)
HAH+ LVIAA 10
1Y siajed ajoym

ALD oseasip ssoib
0} 35004 pajebajul

snoaueyNWIS YIm
LVINA siajad ajoym

AdeisyiAyoeiq

(v urod)
dHaH+14d0a e
pIay-v sijed 8joym

AdesayiAyoeiq (v

jutod) 4AH + LHNI
sinjad ajoym

(LdwiI-oI

Bueds

moJrew auoq

paulep-13d sA

L1HII) enbiuyday

juswieall

Aq paynens

‘19oueod |edIAIBD

(%€ 1) pajossal

pue (%.8)

paldesalun

VAI-gI

€8 unejdsio Apjeem abeis 0OI4
AdesayiAyoelq
o]
uoljeolpulesjuod
/lesnjal

pue Ao, <obe
‘19oUueDd |BedIAISD
pajoesalun

0e uneidsio Apeam  111-11 96e1S 09I

0z
18dued |BdIAIRD
paloesalun
YAI-VII
0z une|dsio Ajyeapm abeis 0|4

OW3HO
1LN3HHNONOD

22(£102)

aAljoadsold [e1e |leN
2(9102) e 1o

aAoadsoliey e|ozzep
92(9+02)

aAljoadsold e 10 jIeN

NOIS3a
AdNLS

(penunuo)) “y ajqeL



10

Clinical Medicine Insights: Oncology

Author Contributions
IA is the treating junior consultant (radiotherapy), author of

the paper, responsible for drafting the manuscript and revising

it. He is the guarantor. KSC is the supervising treating senior

consultant (radiotherapy) and participated in article formula-
tion, editing and oversight. IB is the treating consultant (radio-
therapy) and participated in article editing. CPB is the medical

physicist, responsible for generating the radiation treatment

plan, performing quality assurance of delivered plan and also

participated in article editing. RB is the statistician and per-

formed the analyses reported in this article. He also partici-
pated in drafting and revising the article. LS and SR are the
radiation technologists, responsible for creating the treatment

setup, ensuring reproducible setup and treatment delivery dur-

ing the course of treatment. They also participated in article

editing.

REFERENCES

1.

10.

11.

12.

13.

Ferlay J, Soerjomataram I, Ervik M, et al. GLOBOCAN 2012 wersion 1.0, Cancer
Incidence and Mortality Worldwide: IARC CancerBase No. 11. Lyon, France: Inter-
national Agency for Research on Cancer; 2013. http://globocan.iarc.fr. Accessed
August 28, 2017.

Bray F, Ren JS, Masuyer E, et al. Estimates of global cancer prevalence for 27
sites in the adult population in 2008. Int ] Cancer. 2013;132:1133-1145.

Tewari KS, Monk BJ. Invasive cervical cancer. In: Disaia PJ, Creasman W'T,
Mannel RS, Mcmeekin DS, Mutch DG, eds. Clinical Gynecologic Oncology. 8th
ed. Philadelphia, PA: Elsevier Health Sciences; 2017:38-104.

Viswanathan AN. Uterine cervix. In: Brady LW, Perez CA, Wazer DE, eds.
Perez & Brady’s Principles and Practice of Radiation Oncology. 6th ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2013:1355-1426.

Nandakumar A, Rath GK, Kataki AC, etal. Concurrent chemoradiation for
cancer of the cervix: results of a multi-institutional study from the setting of a
developing country (India). J Glob Oncol. 2015;1:11-22.

Kishore J, Ahmad I, Kaur R, et al. Beliefs and perceptions about cancers among
patients attending radiotherapy OPD in Delhi, India. Asian Pac J Cancer Prev.
2008;9:155-158.

Mileshkin LR, Narayan K, Moore KN, et al. A phase III trial of adjuvant che-
motherapy following chemoradiation as primary treatment for locally advanced
cervical cancer compared to chemoradiation alone: Outback (ANZGOG0902/
GOGO0274/RTOG1174). J Clin Oncol. 2014;32:TPS5632.

Chen MF, Tseng CJ, Tseng CC, et al. Adjuvant concurrent chemoradiotherapy
with intensity-modulated pelvic radiotherapy after surgery for high-risk, early
stage cervical cancer patients. Cancer J. 2008;14:200-206.

Gandhi AK, Sharma DN, Rath GK, et al. Early clinical outcomes and toxicity of
intensity modulated versus conventional pelvic radiation therapy for locally
advanced cervix carcinoma: a prospective randomized study. In# J Radiat Oncol
Biol Phys. 2013;87:542-548.

Cozzi L, Dinshaw KA, Shrivastava SK, et al. A treatment planning study com-
paring volumetric arc modulation with RapidArc and fixed field IMRT for cer-
vix uteri radiotherapy. Radiother Oncol. 2008;89:180-191.

Chakraborty S, Geetha M, Dessai S, et al. How well do elderly patients with cer-
vical cancer tolerate definitive radiochemotherapy using RapidArc? results from
an institutional audit comparing elderly versus younger patients. Ecancermedi-
calscience. 2014;8:484.

Mazzola R, Ricchetti F, Fiorentino A, et al. Weekly cisplatin and volumetric-
modulated arc therapy with simultaneous integrated boost for radical treatment
of advanced cervical cancer in elderly patients: feasibility and clinical preliminary
results. Technol Cancer Res Treat. 2017;16:310-315.

Hsu HC, Leung SW, Huang EY, etal. Impact of the extent of parametrial
involvement in patients with carcinoma of the uterine cervix. In¢ | Radiat Oncol

Biol Phys. 1998;40:405-410.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lim K, Small W, Portelance L, etal. Consensus guidelines for delineation of
clinical target volume for intensity-modulated pelvic radiotherapy for the defini-
tive treatment of cervix cancer. In | Radiat Oncol Biol Phys. 2011;79:348-355.
Baumann BC, Bosch WR, Bahl A, et al. Development and validation of consen-
sus contouring guidelines for adjuvant radiation therapy for bladder cancer after
radical cystectomy. Int ] Radiat Oncol Biol Phys. 2016;96:78-86.

Barrett OC, McDonald AM, Burnett OL, et al. Mesorectal node metastasis
from gynecological cancer in the era of 3D conformal pelvic radiation therapy
and intensity modulated radiation therapy. Pract Radiat Oncol. 2016;6:
402-404.

Gay HA, Barthold H], O’Meara E, et al. Pelvic normal tissue contouring guide-
lines for radiation therapy: a Radiation Therapy Oncology Group consensus
panel atlas. In# | Radiat Oncol Biol Phys. 2012;83:¢353-¢362.

International Commission on Radiation Units Measurements Report 83. Pre-
scribing, recording, and reporting photon-beam intensity-modulated radiation
therapy (IMRT). /ICRU. 2010;10:1-106.

Viswanathan AN, Thomadsen B, De Los Santas JF, et al.; American Brachy-
therapy Society Cervical Cancer Recommendations Committee. American
Brachytherapy Society consensus guidelines for locally advanced carcinoma of
the cervix. Part I: general principles. Brachytherapy. 2012;11:33-46.

Cox JD, Stetz ], Pajak TF. Toxicity criteria of the Radiation Therapy Oncology
Group and the European Organization for Research and Treatment of Cancer.
Int ] Radiat Oncol Biol Phys. 1995;31:1341-1346.

Kidd EA, Siegel BA, Dehdashti F, et al. Clinical outcomes of definitive inten-
sity-modulated radiation therapy with flourodeoxyglucose-positron emission
tomography simulation in patients with locally advanced cervical cancer. Inz J
Radiat Oncol Biol Phys. 2010;77:1085-1091.

Hasselle MD, Rose BS, Kochanski JD, etal. Clinical outcomes of intensity-
modulated pelvic radiation therapy for carcinoma of the cervix. Inz J Radiat Oncol
Biol Phys. 2011;80:1436-1445.

Du XL, Tao J, Sheng XG, etal. Intensity-modulated radiation therapy for
advanced cervical cancer: a comparison of dosimetric and clinical outcomes with
conventional radiotherapy. Gynecol Oncol. 2012;125:151-157.

Chen CC, Wang L, Lin JC, et al. The prognostic factors for locally advanced cer-
vical cancer patients treated by intensity-modulated radiation therapy with con-
current chemotherapy. J Formos Med Assoc. 2015;114:231-237.

Taylor A, Rockall AG, Reznek RH, et al. Mapping pelvic lymph nodes: guide-
lines for delineation in intensity-modulated radiotherapy. Int J Radiat Oncol Biol
Phys. 2005;63:1604-1612.

Naik A, Gurjar OP, Gupta KL, et al. Comparison of dosimetric parameters and
acute toxicity of intensity-modulated and three-dimensional radiotherapy in
patients with cervix carcinoma: a randomized prospective study. Cancer Radio-
thér. 2016;20:370-376.

Mell LK, Sirik I, Wei L, etal. Bone Marrow-sparing Intensity Modulated
Radiation Therapy with Concurrent Cisplatin for stage IB-IVA cervical cancer:
an International Multicenter Phase II Clinical Trial (INTERTECC-2). Int ]
Radiat Oncol Biol Phys. 2017;97:536-545.

Loiselle C, Koh WJ. The emerging use of IMRT for treatment of cervical cancer.
J Natl Compr Canc Netw. 2010;8:1425-1434.

Taylor A, Powell ME. An assessment of interfractional uterine and cervical
motion: implications for radiotherapy target volume definition in gynaecological
cancer. Radiother Oncol. 2008;88:250-257.

GuyJB, Falk AT, Auberdiac P, et al. Dosimetric study of volumetric arc modula-
tion with RapidArc and intensity-modulated radiotherapy in patients with cervi-
cal cancer and comparison with 3-dimensional conformal technique for definitive
radiotherapy in patients with cervical cancer. Med Dosim. 2016;41:9-14.

Fowler JF, Welsh JS, Howard SP. Loss of biological effect in prolonged fraction
delivery. Int ] Radiat Oncol Biol Phys. 2004;59:242-249.

Deasy JO, Fowler JF. Radiobiology of IMRT. In: Mundt AJ and Roeske JC, eds.
Intensity Modulated Radiation Therapy. A Clinical Perspective, 1st ed. Hamilton,
ON, Canada: BC Decker; 2005:53-74.

Mabhantshetty U, Krishnatry R, Chaudhari S, et al. Comparison of 2 contouring
methods of bone marrow on CT and correlation with hematological toxicities in
non-bone marrow-sparing pelvic intensity-modulated radiotherapy with concur-
rent cisplatin for cervical cancer. Inz J Gynecol Cancer. 2012;22:1427-1434.
Roeske JC, Lujan AE, Mundt AJ. Bone marrow-sparing IMRT. In: Mundt AJ,
Roeske JC, eds. Intensity Modulated Radiation Therapy. A Clinical Perspective, 1st
ed. Hamilton, ON, Canada: BC Decker; 2005:53-74.

Brixey CJ, Roeske JC, Lujan AE, et al. Impact of intensity-modulated radiother-
apy on acute hematologic toxicity in women with gynecologic malignancies. Int ]
Radiat Oncol Biol Phys. 2002;54:1388-1396.


http://globocan.iarc.fr



