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Background: Hematologic toxicity is a major common side effect after chemoradiotherapy in pelvic cancer
patients. Here, we investigate the clinical and dosimetric factors associated with acute hematologic toxicity
in Chinese cervical and rectal cancer patients treated with pelvic intensity-modulated radiotherapy with
concurrent chemotherapy.

Methods: We retrospectively analyzed 171 patients receiving concurrent chemoradiotherapy or pelvic
radiotherapy alone. The volume of pelvic bone marrow receiving 5, 10, 20, 30, 40, and 50 Gy and the
patient baseline clinical characteristics were calculated. The x’ test and univariate and multiple logistic
regression analyses were used to evaluate associations between the dosimetric parameters and grade >2 acute
hematologic toxicity.

Results: One hundred sixty-seven patients were eligible for analysis, and of these patients, 105 (62.9%) had
grade >2 acute HT. Patients treated with chemoradiotherapy with V10 >90%, V20 >75%, V30 >59.2%, and
V40 >37% had higher rates of grade >2 hematologic toxicity than those with V10 <90%, V20 <75%, V30
<59.2%, and V40 <37% (85.2% wvs. 60.4%, P=0.004; 78.9% wvs. 58.1%, P=0.027; 83.3% vs. 60.8%, P=0.010;
82.3% wvs. 60.0%, P=0.011; respectively). Multiple logistic regression analysis showed that increased pelvic
bone marrow V10 and pelvic bone marrow V40 were associated with increased grade 2 or worse hematologic
toxicity for patients treated with chemoradiotherapy [odds ratio (OR), 4.07; 95% confidence interval (CI),
1.38-11.96; P=0.011; OR, 3.41; 95% CI, 1.20-9.69; P=0.022; respectively].

Conclusions: Increased pelvic bone marrow V10 and V40 were associated with hematologic toxicity in
cervical and rectal cancer patients undergoing concurrent chemoradiotherapy. We suggest that pelvic bone
marrow should be routinely considered to be an at-risk organ in cervical and rectal cancer patients treated

with pelvic radiotherapy.
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Introduction

Chemoradiotherapy has improved the outcomes for pelvic
cancer patients but at the cost of high levels of hematologic
toxicity (HT). HT may be more significant for pelvic
cancer patients because approximately one-third of adult
bone marrow is located in the pelvic region (1-3). A
significant number of cervical cancer patients undergoing
chemoradiotherapy will experience increased HT compared
with those undergoing radiotherapy (RT) alone, leading
to an increased risk of infection, the use of granulocyte
colony-stimulating factor, an extended treatment period,
delayed adjuvant chemotherapy, and worse progression-free
and overall survival (4-9). Reducing HT would also benefit
patients with rectal cancer (10-14).

Several studies have demonstrated a correlation between
pelvic bone marrow (PBM) dosimetric parameters and HT
in patients with anal cancer and cervical cancer (15-25).
Maintaining the mean PBM dose at <22.5 and <25 Gy is
associated with a 5% and 10% risk of acute H'T| respectively,
in patients with anal cancer (16). Data from cervical cancer
suggest that patients with PBM-V10 >90% have higher
rates of grade 2 HT than patients with PBM-V10 <90% (21).
However, the clinical significance and optimal PBM-sparing
technique for rectal cancer patients remain unknown.

The purpose of this study was to identify potential
dosimetric parameters that could predict HT in Chinese
cervical and rectal cancer patients treated with pelvic
intensity-modulated RT (IMRT) alone or in combination
with concurrent chemotherapy.

Methods
Patients

We retrospectively analyzed 171 consecutive cervical and
rectal cancer patients treated with pelvic IMRT alone
or with concurrent chemoradiotherapy in the Second
Affiliated Hospital of Soochow University between
January 2015 and December 2016. Patients with and
without surgery were included. The surgical procedures
for cervical cancer included total abdominal hysterectomy
and radical hysterectomy, and the surgical procedures
for rectal cancer included the Miles’ operation, the
Dixon operation, and local excision. The pathology
results showed that the cervical cancers were squamous
carcinomas or adenocarcinomas invading deep into the
myometrium or parametrium with a diameter over 4 cm.
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Rectal cancer patients with stage T3-4 disease or pelvic
lymphatic metastasis received preoperative or postoperative
chemoradiotherapy.

IMRT simulation, planning, and delivery

A CT scan of each patient in the treatment position was
obtained using our departmental scanner (AcQSim CT,
Siemens Medical Systems, Germany) with a slice interval
and thickness of 5 mm. Images were scanned from the 1.2
vertebral body to 5 cm below the ischial tuberosities and
imported to the PINNACLE planning system (Philips
Radiation Oncology Systems, Milpitas, CA, USA). For
cervical cancer patients, the clinical target volume (CTV)
consisted of the cervical tumor, the paracervical and
parametrial tissues relative to the sidewall, the presacral
region, the upper half of the vagina, the uterus, and the
at-risk lymph nodes (common, internal, obturator, and
external lymph nodes). Nodal regions were identified by
adding a 7-mm margin around the contrast-enhanced
vessels. For rectal cancer patients, CTV was defined as the
gross tumor plus areas considered to be at significant risk of
harboring microscopic disease, including the mesorectum,
presacral region, and lateral lymph node region. For a select
group of rectal patients, CTV also included the external
iliac node region, ischiorectal fossa, sphincter complex, or
inguinal node region. The planning target volume (PTV)
was generated by adding a 7-mm margin around the CTV
in the lateral and anterior-posterior directions and a 10-mm
margin in the superior-inferior direction. Normal tissues
included the bowel, bladder, rectum, and PBM.

The prescribed dose to the PTV was 45-50 Gy in
1.8-Gy or 2.0-Gy daily fractions. Cervical cancer patients
without surgery received brachytherapy after IMRT. Some
patients with locally advanced cervical cancer were treated
with an integrated or sequential IMRT boost to the sites
of gross disease. The IMRT plans were generated using
the inverse planning module of PINNACLE for a 6-MV
linear accelerator, with seven coplanar fields. The target
goals specified that at least 95% of the PTV would receive
the prescription dose, no more than 1% of the PTV receive
>107% of the prescription dose, and no more than 1% of the
PTV receive <93% of the prescription dose. The protocol
specified that V45 of the small bowel was limited to 25%, V50
of the rectum was limited to 50%, and V50 of the bladder was
limited to 40%. The dose constraints of bone marrow were
that V10 be limited to 90% and that V20 be limited to 75%.
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Bone marrow contouring and dose-volume histogram analysis

For all analyzed patients, the pelvic bone from the superior
aspect to the inferior of the PTV was auto-contoured
as a surrogate for PBM, and the autocontouring was
accomplished with a CT density-based autocontouring
algorithm by including tissue with a density of 1,000 to
4,000 HU on each slice throughout the whole PTV. The
contour included the lumbosacral bone marrow; the iliac
bone marrow; and the ischium, pubis, and proximal femoral
bone marrow. This threshold was adjusted slightly for each
patient to produce the most accurate contouring. The
following dosimetric data were extracted from the dose-
volume histograms (DVH): the relative volumes of PBM
receiving 5, 10, 20, 30, 40, and 50 Gy (V5, V10, V20, V30,
V40, and V50, respectively) and the mean doses of PBM.

Statistics

Acute HT was graded according to the Common
Terminology Criteria for Adverse Events, version 3.0. Acute
toxicity in this analysis was defined within 60 days after the
start of radiotherapy. The highest-grade toxicity values for
white blood count, absolute neutrophil count, hemoglobin,
and platelets were recorded, with HT of grade >2 noted
as an event. The y’ test was used to test the correlation
between the volume of bone marrow irradiation from
5to 50 Gy (V5, V10, V20, V30, V40, and V50) and HT for
patients treated with pelvic IMRT alone or together with
chemoradiotherapy. In addition, univariate and multiple
logistic regression analyses were performed to correlate the
risk of grade >2 HT and the aforementioned predictors (i.e.,
age, sex, pathology, bone marrow irradiation volume, the
number of chemotherapy cycles, cancer site and concurrent
chemotherapy or consecutive chemotherapy). Statistical
analysis was performed using SPSS software (version
19.0, SPSS Inc., USA). A value of P<0.05 was considered
statistically significant.

Results
Patients and treatment characteristics

We retrospectively analyzed 171 patients, 5 patients did
not complete treatment because of severe diarrhea. One
hundred sixty-seven patients (97 with cervical cancer and
70 with rectal cancer) treated with pelvic IMRT were
enrolled and analyzed finally. The mean ages were 48 and
60 years for cervical and rectal cancer, respectively. Table 1
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summarizes the characteristics of the patients undergoing
pelvic IMRT alone or with concurrent chemoradiotherapy.

Chemotherapy delivery

The cervical cancer patients received 2 cycles of paclitaxel
(135-175 mg/m’) and cisplatin (30 mg/m’), while the rectal
cancer patients received fluorouracil or its derivative during
pelvic IMRT. The details for the delivery of concurrent
chemotherapy are shown in 7able 2. Sixty cervical cancer
patients (61.9%) received concurrent chemoradiotherapy,
among which 49 patients received 1 to 2 cycles of paclitaxel
and cisplatin. Thirty-seven patients received radiotherapy
alone. For rectal cancer patients, 47 (67.1%) received
concurrent chemoradiotherapy, among which 39 patients
received 1 to 2 cycles of fluorouracil or oxaliplatin plus
fluorouracil. Twenty-three patients received radiotherapy
alone.

Radiation delivery and dosimetric parameters

The mean total dose for PTV was 50.0 Gy (34.0-66.0 Gy).
A few of cervical cancer patients received brachytherapy
after IMRT. The descriptive statistics of the dose-volume
parameters are listed in 7zble 3. The mean percentage
volumes of bone marrow receiving 5, 10, 20, 30, 40 and
50 Gy for all patients were 98.9%, 90.5%, 80.1%, 59.4%,
38.7%, and 12.2%, respectively. In addition, the mean dose
to the bone marrow was 33.1 Gy.

Hematologic toxicity

Among the 50 patients treated with pelvic IMRT alone,
21 (35%) experienced grade 1 HT, 24 (40%) experienced
grade 2 HT, and 3 (5%) experienced grade 3 HT.
Among the 107 patients treated with chemoradiotherapy,
20 (18.7%) experienced grade 1 HT, 47 (43.9%)
experienced grade 2 HT, 28 (26.2%) experienced grade
3 HT, and 3 (2.8%) experienced grade 4 HT. The rates
from grade 0 to 4 HT for patients treated with radiotherapy
alone or in combination with chemoradiotherapy are shown
in Figure 1.

Correlation between the irradiated bone marrow volume

and HT

Among the patients treated with IMRT alone, an increased
V10, V20, V30, V40, and mean PBM dose were significantly
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Table 1 Clinical and tumor characteristics of patients with cervical

or rectal cancer

Table 2 Delivery of concurrent chemotherapy for patients with

cervical or rectal cancer

Characteristic Cervical Rectal Treatment Cervical Rectal
(n=97) (%) (n=70) (%) (n=97) (%)  (n=70) (%)
Age, y Concurrent chemoradiotherapy 60 (61.9) 47 (67.1)
Median 48 60 Radiotherapy 37 (38.1) 23 (32.9)
Min—-max 33-79 30-88 Chemotherapy option
Sex TP 49 (50.5) -
Female 96 27 Cisplatin 7(7.3) -
Male 1 43 Paclitaxel 1(1.0) -
Surgery or not XELOX - 7 (10.0)
Yes 67 (69.1) 64 (91.4) FOLFOX - 12 (17.1)
No 30 (30.9) 6(8.9) 5-FU/CF - 27 (38.6)
Surgical procedure Other 3(3.1) 1(1.4)
Total abdominal hysterectomy 8(8.2) - Number of cycles of chemotherapy
Radical hysterectomy 59 (60.8) - 1 15 (15.5) 13 (18.6)
Dixon - 28 (40.0) 2 39(402) 34 (48.6)
Mile’s - 25 (35.7) 3 4(4.1) _
Local - 5(7.1) 5 22.1) _
Other - 6(8.6) TP, paclitaxel and cisplatin; XELOX, oxaliplatin and capecitabine;
Pathology FOLFOX, oxaliplatin and fluorouracil; 5-FU, fluorouracil; CF,
Adenocarcinoma 6 (6.2) 69 (98.6) caleium folinate.
Squamous carcinoma 91 (93.8) 1(1.4)

Tumor staging

| 30 (30.9) 5(7.1)
1A 26 (26.8) 15 (21.4)
B 10 (10.3) 5(7.1)
A 8(8.2) 7 (10.0)
s 19 (19.6) 20 (28.6)
ne - 8 (11.4)
\Y% 4 (4.1) 10 (14.3)
Cervical, FIGO

1A 3(3.1) -
B 31 (32.0) -

A 32 (33.0) -

1B 14 (14.4) -
1A 8(8.2) -

B 9(9.3) -

Table 3 Distribution of dosimetric parameters

Parameter Cervical Rectal Total
cancer (n=97) (n=70) (n=167)
V5 (%) 98.5+3.8 99.2+7.0 98.9+5.4
V10 (%) 92.0+7.1 88.4+10.0 90.5+8.5
V20 (%) 81.9+9.2 77.1+10.5 80.1+9.9
V30 (%) 60.5+9.2 58.3+9.2 59.4+9.3
V40 (%) 37.9+8.6 39.8+7.5 38.7+8.1
V50 (%) 10.6+7.0 14.0+5.9 12.2+6.8
Mean dose to 33.2+4.0 33.0+£3.8 33.1+£3.9

bone marrow, Gy

FIGO, International Federation of Gynecology and Obstetrics;
max, maximum; min, minimum.
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V5, volume receiving 5 Gy; V10, volume receiving 10 Gy; V20,
volume receiving 20 Gy; V30, volume receiving 30 Gy; V40,
volume receiving 40 Gy; V50, volume receiving 50 Gy.
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test (57.9% wvs. 22.7%, P=0.008; 52.1% wvs. 16.7%, P=0.049;
65.6% vs. 21.4%, P=0.001; 56.3% vs. 29.6%, P=0.040;
65.2% wvs. 32.4%, P=0.013; respectively). No statistically
significant correlation was evident between V5 or V50
and HT. The patients receiving chemoradiotherapy with
V10 >90%, V20 >75%, V30 >59.2%, and V40 >37% also
had higher rates of grade 2 or higher HT than those with
V10 <90%, V20 <75%, V30 <59.2%, and V40 <37% (85.2%
vs. 60.4%, P=0.004; 78.9% vs. 58.1%, P=0.027; 83.3% us.
60.8%, P=0.010; 82.3% vs. 60.0%, P=0.011; respectively)
(Figure 2).

The univariate regression analysis showed that the
following factors were significantly associated with increased
HT for patients receiving concurrent chemoradiotherapy:
cervical cancer (P=0.002, OR, 0.24), female sex (P=0.001,
OR, 4.77), older than 60 years (P=0.009, OR, 0.28),
squamous carcinoma (P=0.003, OR, 4.20), modality of
concurrent chemotherapy (P=0.026, OR 0.84), and the
number of cycles of concurrent chemotherapy (P=0.043,
OR, 2.34). No statistically significant correlation was evident
between HT and the number of cycles of consecutive
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Figure 2 Rates of hematologic toxicity (HT) in patients treated with radiotherapy alone or concurrent chemoradiotherapy with V10 greater
than or less than 90% (57.9% wvs. 22.7%, P=0.008 by x’ test; 85.2% vs. 60.4%, P=0.004), V20 greater than or less than 75% (52.1% us.
16.7%, P=0.049 by X’ test; 78.9% wvs. 58.1%, P=0.027), V30 greater than or less than 59.2% (65.6% vs. 21.4%, P=0.001 by X’ test; 83.3% uvs.
60.8%, P=0.010), V40 greater than or less than 37% (56.3% wvs. 29.6%, P=0.040 by x’ test; 82.3% vs. 60.0%, P=0.011), mean dose greater
than or less than 34.1% (65.2% vs. 32.4%, P=0.013 by x’ test; 80.6% vs. 69.0%, P=0.204).
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Table 4 Univariate regression analysis of factors associated with hematologic toxicity

Yang et al. Radiation-related predictors of hematologic toxicity for pelvic cancer

Radiotherapy Chemoradiotherapy

Factors

Coefficient Odds ratio* 95% ClI P Coefficient Odds ratio* 95% ClI P
BM-V10 1.542 4.68 1.43-15.32 0.011 1.328 3.77 1.49-9.57 0.005
BM-V20 1.693 5.44 1.08-27.47 0.041 0.996 2.71 1.10-6.67 0.030
BM-V30 1.946 7.00 2.19-22.34 0.001 1.109 3.03 1.23-7.50 0.016
BM-V40 1.170 3.22 1.10-9.46 0.033 1.128 3.10 1.28-7.48 0.012
BM-mean 1.363 3.91 1.30-11.74 0.015 0.621 1.86 0.71-4.89 0.208
Cancer site -0.989 0.37 0.12-1.11 0.078 -1.434 0.24 0.10-0.60 0.002
Gender 0.940 2.56 0.61-10.81 0.201 1.562 4.77 1.91-11.91 0.001
Age -0.434 0.65 0.22-1.91 0.431 -1.261 0.28 0.11-0.73 0.009
Pathology 0.804 2.24 0.77-6.53 0.141 1.435 4.20 1.65-10.68 0.003
Cycles of - - - - 0.852 2.34 1.03-5.34 0.043
concurrent
chemotherapy
Modality of - - - - -0.174 0.84 0.72-0.98 0.026
concurrent
chemotherapy

*, odds ratios correspond to 1% increase in V10 or V20 (e.g., 1% increase in pelvic BM-V10 approximately more than trebled relative odds
of Grade 2 hematologic toxicity for patients receiving concurrent chemoradiotherapy). BM, bone marrow; Vx, volume receiving = x Gy; Cl,

confidence interval.

chemotherapy. For patients treated with radiotherapy alone,
none of the above factors were significantly associated with
HT. The impacts of the factors on HT are shown in Table 4.

Multivariate logistic regression analysis of potential
predictors showed that V10 and V40 (volume of whole
pelvis PBM receiving 10 and 40 Gy, respectively) were
significant for predicting HT in patients treated with
chemoradiotherapy [odds ratio (OR), 4.07; 95% confidence
interval (CT), 1.38-11.96; P=0.011; OR, 3.41; 95% CI,
1.20-9.69; P=0.022; respectively]. None of the other clinical
parameters, including age, sex, pathology, number of
chemotherapy cycles, cancer site, concurrent chemotherapy
modality, and other dosimetric parameters, namely, the
different dose levels (V5, V20, V30, V50, mean PBM dose)
of the pelvis, were significant predictors of acute HT.

Discussion

Concurrent chemoradiotherapy is the standard treatment
for women with locoregionally advanced cervical cancer.
Preoperative chemoradiotherapy followed by total
mesorectal excision is the standard of care for patients
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with locally advanced rectal cancer. However, an increase
in the treatment effect can cause relevant side effects,
especially HTs (4-9). HT remains a significant problem that
can interrupt radiotherapy, limit chemotherapy delivery,
necessitate transfusions and growth factors, and occasionally
cause life-threatening infections. Numerous studies
have demonstrated that, compared with conventional
radiotherapy, pelvic IMRT can decrease the dose to normal
tissues, such as the bladder, rectum, and bone marrow, and
ameliorate relevant radiation-induced cystitis, enteritis and
bone marrow suppression (26,27). At the same time, IMRT
reduced the pelvic PBM volume that was irradiated by high
doses compared with the AP-PA plans (22).

Numerous studies have demonstrated the high
radiosensitivity of PBM stem cells (1). Because bone marrow
stem cells are extremely sensitive to radiation, standard
pelvic irradiation may damage a substantial amount of the
bone marrow, resulting in the depletion of hematopoietic
stem cells, which are vital to repopulating erythrocytes,
leukocytes, and platelets (28). Therefore, limiting the bone
marrow irradiation volume may attenuate the damage to
bone marrow stem cells and alleviate HTs.

Transl Cancer Res 2018;7(3):515-523
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How can we constrain the bone marrow irradiation
volume? Mell has reported that the V10 and V20 of
the low-dose volumes are associated with acute HT in
cervical and anal cancer patients receiving concurrent
chemoradiotherapy, whereas the RTOG 0418 study of
gynecologic cancer has shown that V40 is the best predictor
of acute HT in concurrent pelvic chemoradiotherapy (21-23).
The reason for this difference may be the insufficient
protection of the bone marrow in the RTOG 0418 study
and the few cases of V10 less than 90% (n=12). Several
current studies have undertaken bone marrow-sparing
IMRT for cervical cancer patients, but few studies have
examined bone marrow-sparing IMRT for rectal cancer
patients. Hence the objective of this study was to explore
the benefits of bone marrow-sparing IMRT and ascertain
the quantified dosimetric predictors for HTs. In addition,
this study quantitatively showed that the dose constraint for
bone marrow in IMRT ameliorated acute HT in cervical
and rectal cancer patients.

The novelty of this study was to evaluate Chinese
people. Our study showed that acute HT was associated
with V10, V20, V30, V40 and the mean PBM dose, which
was consistent with previous studies. High volume of PBM
receiving irradiation can interrupt radiotherapy, limit
chemotherapy delivery, and finally, suspend treatment.
However, we did not find that V20 correlated with acute
HT in patients treated with concurrent chemoradiotherapy.
This observation may have resulted from the diversified
chemotherapy modalities used for the cervical and rectal
cancer patients and from the application of granulocyte
colony-stimulating factors. In addition, because
chemotherapy can lead to acute blood toxicity in the same
way, the advantage of bone marrow-sparing IMRT to
reduce acute HT may be offset by chemotherapy. At last,
our research is aimed at the Chinese, which may lead to
slight differences with previous studies.

Despite being retrospective, this study provides a
meaningful reference for future studies. We also investigated
the effect of radiotherapy alone to exclude the interference of
chemotherapy in acute HT, and the result demonstrated the
contribution of radiotherapy to acute HT. In the univariate
analysis, the bone marrow irradiation volume associated with
HT was the same for radiotherapy alone and concurrent
chemoradiotherapy. This indicated that the limitation of
PBM dose could reduce HT, whether it was radiotherapy
alone or concurrent chemoradiotherapy.

CT images are widely used currently for localization
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of precise radiotherapy. Pelvic bones are recognized as a
surrogate for bone marrow in the irradiation volume for
dose constraint, which could be overestimated for bone
marrow and result in deviations in the dose evaluation
for bone marrow (23). Normal bone marrow is divided
into the red bone marrow and the yellow bone marrow.
Red bone marrow is responsible for hematopoiesis, but
yellow bone marrow not. The two types of bone marrow
cannot be distinguished in CT images. However, magnetic
resonance imaging (MRI), which is extremely sensitive to
fat and water, can enable the distinction (17,25,29). Imaging
techniques, such as single photon emission computed
tomography (SPECT) and MRI, have been proposed
to optimize PBM-sparing IMRT plans by identifying
hematopoietically active regions of PBM that can be spared
preferentially. Future explorations should emphasize an
appropriate imaging modality to delineate PBM to more
precisely evaluate the bone marrow irradiation volume and
recognize more efficient predictors of acute HT.

No recommendation is provided by the Quantitative
Analysis of Normal Tissue Effects in the Clinic
(QUANTEC) regarding bone marrow dose constraints.
However, we strongly suggest that PBM be routinely
included as an organ at risk (OAR) for cervical and rectal
cancer patients receiving pelvic radiotherapy alone or with
concurrent chemoradiotherapy.

Limitations

This study had several limitations due to the retrospective
nature of the study, namely, the small sample size and small
number of female patients.

Conclusions

This study lends strong support to the hypothesis that
V10 and V40 of PBM are important predictors of HT
both in cervical and rectal cancer patients undergoing
intensity-modulated pelvic radiotherapy with concurrent
chemotherapy. Efforts to maintain BM-V10 <90% and
BM-V40 <37% can significantly reduce grade >2 HT.
These results suggest the potential to optimize bone
marrow-sparing IMRT plans to reduce the toxicity of
chemoradiotherapy and possibly improve treatment
outcomes by allowing better chemotherapy delivery.
Future research on bone marrow-sparing IMRT is needed,
including prospective studies evaluating its efficacy.
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