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ABSTRACT

Introduction: Concurrent Chemoradiation (CRT) is the standard
of care for locally advanced cervical cancer patients. Addition of
chemotherapy to pelvic radiotherapy augments Haematological
Toxicity (HT). Whether reducing the radiation dose to Bone
Marrow (BM) will diminish HT is yet not clear.

Aim: The purpose of the present study was to analyse the
feasibility of Bone Marrow Sparing (BMS) in cervical cancer
patients using Intensity Modulated Radiotherapy (IMRT).

Materials and Methods: Computed Tomography (CT) images
of 10 consecutive biopsy-proven invasive cervical cancer
patients were used. All patients were treated using Intensity
Modulated Radiotherapy (IMRT) without bone marrow sparing
(normal-IMRT). BMS-IMRT plans were generated for this study
and Dose-Volume Histogram (DVH) parameters were then
compared with normal-IMRT plans.
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Results: The mean values of the Planning Target Volume (PTV)
V95 and V97 were lower and were statistically significant
(p=0.016 and 0.019 respectively) in BMS-IMRT when compared
to normal-IMRT, however, PTV coverage was not compromised
in any BMS-IMRT plan. There was no statistically significant
difference in the mean values of rectum V30, V40, bowel V35,
V40, V45, and femoral head V35. However, the mean values of
rectum V50, bladder V40, V45, and V50 were statistically lower
in the case of BMS-IMRT. When compared to normal-IMRT the
mean values of Pelvic Bone Marrow (PBM) V10, V20, V30, V40
were lower and found to be statistically significant in BMS-
IMRT.

Conclusion: The BMS-IMRT spares the PBM without
compromising the target volume and at the same time spares
bladder and rectum more effectively.

Keywords: Cervical cancer, Haematological toxicity, Pelvic bone marrow, Volumetric modulated arc radiotherapy

INTRODUCTION

External Beam Radiotherapy (EBRT) with concurrent weekly
cisplatin followed by brachytherapy boost is the standard treatment
of bulky and locally advanced cervical cancer [1-3]. Four field
box techniques has been used for a long time to deliver EBRT,
however, when used along with concurrent cisplatin the acute
Haematological Toxicity (HT) increases [1,3,4]. Studies have shown
that the volume of bone marrow included in the radiotherapy fields
receiving 10 and 20 Gy is associated with acute HT in patients
being treated with IMRT concurrent with cisplatin [5,6]. Klopp AH et
al., (RTOG 0418) showed that PBM sparing reduced HT in patients
receiving pelvic RT concurrent with cisplatin [7]. They showed that
V40 was a better predictor of developing >grade 2 HT. The highly
conformal techniques of IMRT/VMAT has a potential of delivering
radiation dose while avoiding surrounding normal tissues and its
benefits have been proven in many anatomical sites like head and
neck cancer [8,9] or prostate cancer [10,11]. Many studies have
shown that IMRT reduces the dose to normal tissues for whole
pelvic RT also [12-15]. Murakami N et al., have dosimetrically
shown in postoperative patients of carcinoma cervix that BMS-
IMRT significantly reduces the dose to the PBM [16]. The purpose
of the present study was, therefore, to see whether the PBM sparing
was feasible with VMAT in intact carcinoma cervix patients without
compromising V95% of PTV.

MATERIALS AND METHODS

The present study was a retrospective Dosimetric study conducted
on 10 consecutive patients of biopsy-proven invasive cervical
cancer attending the outpatient department of Apex Hospital
Cancer Institute, Varanasi, Uttar Pradesh, India, between September
2017 and December 2017. As per FIGO [17] staging six patients
were stage IIB, two patients were IlIA and two patients were [IIB

Journal of Clinical and Diagnostic Research. 2019 Apr, Vol-13(4): XC01-XC05

[Table/Fig-1]. All patients were asked to come empty stomach on
the day of simulation and were given two tablets of bisacodyl a
night before the Radiotherapy Treatment Planning (RTP) CT scan.
All patients underwent CT-based planning in a supine position
and customised thermoplastic pelvic cast was made for all for the
purpose of immobilisation. Patients were asked to void urine and
then drink 1000 mL of water 30 minutes prior to the CT- RTP scan
on the day of simulation and this bladder filling protocol before each
fraction was followed strictly for the entire duration of treatment to
limit interfraction and intrafraction variability. A radio-opaque vaginal
marker was placed at the introitus or the lowest extent of disease
as felt per vaginally on palpation. Images were obtained from T12
to the middle third of femur after administering intravenous contrast
of 100 mL of omnipaque. All patient’s images were acquired using
2 mm slice thickness. Thereafter contouring was done as per
the standard guidelines [18-23]. The Gross Target Volume (GTV),
Clinical Target Volume (CTV1 and CTV3) and organs at risk were
contoured on each axial CT slices. GTV consisted of uterus, cervix,
vagina and bilateral ovaries and was contoured 3 cm below the
vaginal marker or inferior border of obturator foramen depending
on the lowest extent of disease. Internal Target Volume (ITV) around
the GTV (anteroposteriorly and superoinferiorly 1.5 cm and laterally
7 mm) was created to take in to account the change in shape of
included structures with respect to bladder filling. CTV1 comprised
of nodal CTV and included, involved nodes and relevant draining
nodal groups i.e., common iliac, internal iliac, external iliac, obturator
and presacral Lymph Nodes (LN) and was contoured according to
Taylor’'s guidelines [18,19]. The upper border of nodal CTV was
maintained at the bifurcation of the aorta after the uniform margin of
7 mm around the blood vessels. The bone and psoas muscles were
excluded from the nodal CTV but the space between the lateral
surface of a vertebral body and iliopsoas muscle was included at the
level of common iliac vessels. Inguinal lymph nodes were included
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in cases of lower vaginal involvement. CTV3 comprised of bilateral
parametrium which included the connective tissue extending from
the cervix to the lateral pelvic wall. GTV and CTV3 were added
together to form primary CTV. Total CTV included CTV1 and primary
CTV. A uniform expansion of 10 mm was given around total CTV to
form total PTV (planning target volume) to take care of daily set-up
uncertainties. Eventually, final PTV was created combining total PTV
and ITV. A dose of 50 Gy in 25 fractions was delivered at 2 Gy per
fraction over five weeks with weekly cisplatin at 40 mg/m? [24].

Median age (range) 50 (38-55)
Clinical stage

1B 6

A 2

1B 2
Histology

Squamous cell carcinoma 10
Parametrium invasion present 10

[Table/Fig-1]: Patient’s characteristics (n=10).

Normal Tissue Definition

Normal tissues delineated were bowel bag, bladder, rectum, femoral
heads which were contoured as per the RTOG normal tissue
guidelines [25]. Instead of individual bowel loops, bowel bag was
contoured starting 1 cm above the PTV and continued to the most
inferior extent in the pelvis. An outer wall of rectum was contoured on
each axial slice starting from rectosigmoid junction to the anal verge
and similarly, urinary bladder was contoured on each axial slice. We
contoured the PBM starting from 1 cm above the superior most CT
slice containing PTV to the inferior border of the ischial tuberosity.
Femoral heads contoured up to lesser trochanter were not included
in the PBM. The inner cavity of pelvic bone has been demonstrated
by Mahantshetty U et al., to be a better surrogate of active bone
marrow than whole pelvic bone so we delineated the inner cavity
of all bones included in PBM [26]. PBM included the bone marrow
of lumbar vertebrae (intervertebral disc were excluded) and sacrum
(sacral foramina were excluded).

Treatment Planning

CT scan of all patients was performed in Siemens (Siemens Medical
Solutions, Forchheim, Germany) 16 slice CT scanner using 2.0
mm slice thickness. As per the institution protocol, planning CT
scans were performed with full bladder and empty rectum. The
contouring was performed in Monaco v 5.11 (Elekta, Crawley, UK)
contouring station of Elekta Synergy linear accelerator with a triple
photon and seven electron energies. All 10 patient’s treatment
plans were generated using Volumetric Arc Radiotherapy (VMAT)
in Monaco (Version 5.11) treatment planning system using Monte
Carlo Algorithm using two full arcs. Grid space for all plans was kept
3 mm along with minimum segment width of 5 mm. The planning
optimizations were performed keeping all constraints in mind without
compromising coverage of PTV.

The prescribed dose to PTV was 50 Gy in 25 fractions. The plans
for BMS and Normal IMRT were generated in such a way that V95
of PTV was >95%, mean PTV dose was kept between 100-105%
of prescribed dose. Constraints for bowel bag V35 was <35%, for
rectum and bladder V40 was <40-60% and for both femoral head
V35 was <10%. In addition to this, constraints to PBM were given
in BMS-IMRT plans in such a way that V20 was <80% of prescribed
dose [Table/Fig-2-4].

STATISTICAL ANALYSIS

An analysis was performed using SPSS 16.0 version. The mean
values of all parameters in both the plans were compared with each
other using Student’s paired t-test and the p-value of <0.05 was
considered statistically significant.
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[Table/Fig-2]: Normal IMRT plan.
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[Table/Fig-4]: DVH showing normal and BMS-IMRT plan.

RESULTS

The mean values of PTV V95 was 99.02% and 97.68% (p-value=
0.016) and of V97 was 97.87% and 94.26% (p-value=0.019) for
normal IMRT plans and BMS-IMRT plans respectively [Table/Fig-5].
PTV V95 was not compromised in any BMS-IMRT plan, however,
mean values of PTV V95 was lower, and was statistically significant
(p=0.016) in BMS-IMRT when compared to normal-IMRT.

PTV Parameters Normal IMRT BMS-IMRT
Mean 109.718 109.894
PTV Dmax
Median 109.680 110.050
Mean 99.026 97.689
PTV V95
Median 99.045 97.675
Mean 97.870 94.268
PTV V97
Median 97.695 94.210

[Table/Fig-5]: PTV values (%) for Normal IMRT and BMS-IMRT plan.

PTV: Planning target volume

For PBM mean dose of V10, V20, V30, and V40 for normal IMRT
and BMS-IMRT plans are shown in [Table/Fig-6,7]. When compared
to normal-IMRT the mean values of PBM V10, V20, V30, V40 were
lower and found to be statistically significant in BMS-IMRT.

Parameter Normal IMRT BMS-IMRT p-value
V10 99.50 96.01 0.01%

V20 92.09 81.66 <0.001=
V30 7712 66.72 0.002:
V40 53.48 46.89 0.016%

[Table/Fig-6]: Comparison of mean dose to the PBM.

*: Statistically significant
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[Table/Fig-7]: Box plot for PBM.

PBM40

The mean values of rectum V30, V40 and V50, of bladder V40, V45,
and V50, of bowel bag V35, V40, and V45, of femoral heads right
and left, V35 for normal IMRT and BMS-IMRT are shown in [Table/
Fig-8,9]. There was no statistically significant difference in the mean
values of rectum V30, V40, bowel V35, V40, V45, and femoral head
V35 between the two plans. However, the mean values of rectum
V50, bladder V40, V45, and V50 were statistically lower in the case
of BMS-IMRT.

Parameter Normal IMRT BMS-IMRT p-value
Bowel V35 22.50 22.70 0.76
Bowel V40 15.15 15.28 0.86
Bowel V45 9.14 8.97 0.71
Rectum V30 97.14 97.08 0.78
Rectum V40 93.5 93.23 0.5
Rectum V50 68.34 58.02 0.01=
Bladder V40 70.25 66.49 0.01%
Bladder V45 61.56 58.47 0.008x
Bladder V50 40.38 30.44 0.01%
Femoral head right V35 6.21 5.61 0.22
Femoral head left V35 6.21 3.38 0.28

[Table/Fig-8]: Comparison of mean dose to the organs at risk.
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DISCUSSION

Cervical cancer is the leading cancer in females in developing
countries. The treatment for cervical cancer has evolved from
conventional RT to conformal RT. This has led to a decrease in
the bowel, rectal and bladder toxicity. Addition of chemotherapy
concurrent with RT has furtherimproved the survival rates [1-3], albeit
at the cost of increase HT. PBM is the major site for haematopoiesis
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[27,28] and a majority of PBM is within the treatment field. Therefore,
the HT toxicity is inevitable. The addition of chemotherapy to the RT
further enhances the HT, with the consequence that many patients
are not able to complete all 5 cycles of chemotherapy [3,29-31]
or the treatment duration is prolonged because of interruption of
treatment for >grade 2 HT with a negative impact on local control
and overall survival [32-34]. Thus, there is a need to reduce the HT.
Many studies have dosimetrically shown that BMS-IMRT reduces
the dose to the PBM. From the various studies it has been shown
that by keeping the PBM Dosimetric parameters of V10 to <90%,
V20 to <80%, V30 to <65% and V40 to <37%, it is possible to
reduce HT [5,7,35,36]. Rose BS et al., showed that if the volume
of PBM receiving 10 Gy is >95% than the grade 3 neutropenia is
more than in those patients in whom <95% of the PBM received
this dose (63.8% vs 24.6%; p<0.001) [35]. In a study conducted
by Albuquerque K reported that a volume of PBM receiving 20 Gy
was most strongly predictive of grade >2 HT. When >80% of PBM
received 20 Gy, the risk of HT increased by a factor of 4.5 [36]. In the
present study V10, V20, V30, and V40 all were significantly lower
in the BMS-IMRT plan with the maximum difference visible at V20.
However, RTOG 0418 trial reported by Klopp AH et al., showed
that if the volume of PBM receiving 40 Gy is >37% then the grade
> 2 HT is more than in the patients in whom V40 <37% (p=0.04) [7].
Although in our study the above constraints were not achieved, yet
when compared to the normal IMRT plans, the mean values of all
volumes were significantly less. The possible reasons which explain
this could be that we delineated only the inner cavity of all included
bones as bone marrow and we did not include bilateral femoral
heads in the PBM which were given the constraint separately leading
to a less absolute volume of PBM, whereas other studies have
delineated the outer contour of bones as PBM. Other explanation
could be that we conducted this dosimetric analysis on intact
cervical patients wherein the PTV was considered generous. Also,
all our patients received 50 Gy in 25 fractions where as most of the
above studies gave 45 Gy in 25 fractions. Nonetheless sparing the
PBM decreases the HT and increases patient’s compliance to the
RT concurrent with chemotherapy. Many studies have shown that
active bone marrow contoured on the basis of FDG PET is a better
surrogate of HT [37-40]. Well-conducted randomized controlled
trials and multi-institutional studies are required to establish whether
this dosimetric gain will eventually be clinically effective or not.

One of the major caveat of this study was that the bilateral femoral
heads were not included in the bone marrow, as according to the
institutional protocol we give constraints to the femoral heads only,
but for this retrospective Dosimetric study we contoured and gave
the constraints to the PBM separately and so the femoral heads
could not be included in the PBM. Another limitation of our study
was that the constraints given to the bladder and rectum (V40<40-
60%) were not met. As the majority of rectum was lying within the
total target volume, therefore its constraints could not be achieved.
In case of bladder we were able to achieve, given constraints in
50% of our patients and in another half, it could not be achieved
as most of the bladder was within the target volume. We realized
that the constraints given to these organs were unrealistic. A study
conducted by RTOG 0418 [41] in patients of endometrial carcinoma
found that the constraints given to bladder and rectum of V45
<85% and V45 <60% could be achieved in only 33.3% and 22.8%
respectively of their patients and they concluded that in all new
trials loosening of dose constraints is recommended. In another
dosimetric study by Mell LK et al., which compared BMS-IMRT
with conventional radiotherapy techniques in seven intact cervical
cancer patients, of which one patient was IB2 while six were locally
advanced, V40 was 73.6% and 83.7% for bladder and rectum
respectively [42]. The total dose given to the target volume was
45 Gy in 25 fractions. In the present study in 50% of our patients,
bladder constraint could be achieved while in none of the patient’s
rectal constraint was met. However, in comparison to normal IMRT
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plans the mean values of rectum V50, bladder V40, V45, and V50
were significantly lower in the case of BMS-IMRT.

Uterus-11 a prospective randomized German multicenter trial
conducted by Marnitz S et al., evaluated the impact ofsurgical
staging in FIGO IIB-IVA cervical cancer patients prior to Chemo-
Radiation (CRT) [43]. This study reported that patients who
underwent surgical staging prior to CRT experienced more > grade
2 HT than the patients who primarily received CRT possibly because
there was blood loss during surgery and more patients were treated
with EFRT and hence more bone marrow volume inclusion within
the field. They reported that the use of IMRT technique resulted in
to more HT because of higher bone marrow volume covered by low
dose as bone marrow was not spared. This study concluded that
BMS-IMRT can reduce >grade 2 HT. Recently a study demonstrated
the relationship between bone marrow response to radiation
dose by using 18F-labeled fluorodeoxyglucose positron emission
tomography Standard Uptake Values (SUV) and correlated these
findings with HT in cervical cancer patients treated with CRT [40].
In this trial pelvic bone and lumbar spine were auto segmented as
well as active bone marrow was delineated based on the mean
SUV value. It showed that the volumes of total bone marrow and
active bone marrow that are exposed to even relatively low doses
of radiation were associated with a decrease in white blood cell
counts following CRT. The loss in proliferative bone marrow SUV
uptake translates into low WBC nadirs after treatment. This study
concluded that the use of IMRT can spare total bone marrow and
reduce long-term HT. In future, delineation of active bone marrow,
using (18F) FDG-PET CT or MRI can be conducted and BMS-IMRT
can be evaluated in prospective randomised controlled trials.

CONCLUSION

The need for intensified treatment for cervical cancer FIGO stage
IB2-IVA is reflected in the poor survival rates but the aggressive
approach is restricted because of toxicity of the surrounding normal
structures and HT. Bone marrow sparing seems to be an effective
way of reducing HT and thereby allowing completion of treatment
with prescribed dose and concurrent chemotherapy in stipulated
time. Further prospective randomised control trials are needed to
establish this.
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