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A B S T R A C T

Aim: To identify dosimetric parameters associated with acute hematologic toxicity (HT) in endometrial cancer 
treated with volumetric modulated arc therapy (VMAT-RT).
Methods: Patients with uterine adenocarcinoma treated in our Institution from March 2019 to November 2022 
were retrospectively enrolled in this study. All patients underwent adjuvant external beam radiotherapy with 
Volumetric modulated arc therapy (VMAT) strategy plus a brachytherapy boost on vaginal cuff. When indicated, 
adjuvant platin-based chemotherapy was administered after surgery in upfront or sandwich setting. Pelvic bone 
marrow was contoured for each patient and divided into three subsites: lumbosacral spine (LSBM), ilium (IBM) 
and lower pelvis (LPBM). The volume of each region receiving 10,20,30 and 40 Gy (V10, V20, V30, V40, 
respectively) and mean dose (Dmean) was collected. Hematological toxicity during radiotherapy treatment was 
graded according to the CTCAE V 5.0. Linear logistic regression models were used to test associations between 
dosimetric parameters and HT.
Results: Data from 99 patients were retrospectively analyzed. Adjuvant external beam radiotherapy was delivered 
to the pelvis with Volumetric modulated arc therapy (VAMT) strategy for a total dose of 45 Gy, 1.8 Gy/fraction 
plus a brachytherapy boost on vaginal cuff for a total dose of 10 Gy in 2 fractions weekly. Thirty-one patients 
developed during radiotherapy treatment an HT ≥ grade 2.
With a sensitivity of 83.3 % and specificity of 61.5 %, V20 Gy LSBM < 64 % is associated to a maximum 20 % risk 
of Grade 2 or worse HT in patients with < 60 years old; for patients older than 70, the risk of toxicity is below 20 
% independently by the percentage volume of V20Gy LSBM (95 % CI 0.60–0.87; p = 0.03).
No association between hematological toxicity and V10-20–30-40 or Dmean of IBM and LPBM were observed.
Dosimetric parameters involving the lower pelvis had stronger association with hematological toxicity than those 
involving the ilium, even if not significant.
Conclusions: In this experience a dose constraint age-dependent was proposed, to reduce the risk of HT.
The volume of lombo-sacral pelvis receiving low-dose radiation (V20 LSBM > 64 %) seems to be associated with 
HT in younger patients; instead in older than 70 patients the percentage of V20Gy LSBM seems not correlate with 
risk of toxicity. Future investigations should seek to confirm these findings through the inclusion of these pa
rameters in the planning process.

Introduction

Nowadays external beam radiotherapy (EBRT) is often indicated to 
treat pelvic cancers and especially gynecological cancers. If we focus on 

endometrioid cancer, various international guidelines, as ESGO/ 
ESTRO/ESP and NCCN, highlight how important the role of EBRT is to 
treat this pathology [1]. Surgery is the primary interventional treatment 
for endometrioid cancer and it is usually represented by a total 
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hysterectomy (TH), a bilateral salpingo-oophorectomy (BSO) and if 
needed a pelvic and/or para-aortic lymph node dissection. In this setting 
EBRT is mostly used in an adjuvant timing and mode and timing are 
modulated basing on clinical pathological, molecular risk factors. In 
certain circumstances EBRT can be associated with platinum-based 
chemotherapy which may represent the principal reason for myelosup
pression [2]. To treat endometrioid cancers, the role of EBRT is princi
pally curative and the most frequently used technique is the volumetric 
modulated arc therapy (VMAT). This technique permits to better define 
the dose distribution and reduces the risk of adverse events thanks to the 
dose modulation on the organ at risk (OAR).

One of the main OAR in the pelvis is the Bone Marrow (BM), being 
the haematopoietically active mainly comprised in this district [2]. Bone 
marrow is composed by the vascular and the hematopoietic comparti
ment which is crucial for the hematopoietic function. Several studies, 
mostly concerning anal cancer and cervix cancer have demonstrated 
that the hematological toxicity is directly related to the dose taken by 
bone marrow during pelvic treatments [2]. Mell et al. [3] firstly defined 
how to contour pelvic bone marrow on planning CT and how to divide it 
in three different areas.

The Bone Marrow Sparing can improve the tolerance to chemo
therapy, prevent hospitalizations, decrease the need for transfusions or 
growth factors therapy and reduce the chronic effects of RT on bone 
marrow suppression, improving chemotherapy tolerance in the recur
rence setting.

In the current literature several studies have explored hematologic 
toxicity in other cancers, but there is limited data on endometrial cancer.

It could impact patient care and treatment protocols in a meaningful 
way. Nowadays, the optimization of radiotherapy planning can reduce 
toxicity by decreasing the dose of pelvic bone marrow.

The aim of this study is to identify dosimetric parameters associated 
with acute hematologic toxicity (HT) in endometrial cancer treated with 
volumetric modulated arc therapy (VMAT-RT).

Materials and Methods

Adults’ patients treated at the Department of Radiation Oncology of 
Policlinico Gemelli in Rome from March 2019 to November 2022 were 
retrospectively analyzed. To be included in this study patients had to 
have a diagnosis of endometrial cancer and had to undergo radio
therapy. Each patient history was firstly discussed in the internal 
multidisciplinary tumor board of the Comprehensive Cancer Center in 
order to define the stage of the disease and the subsequent therapeutic 
process.

All the enrolled patients underwent total hysterectomy (TH) and 
bilateral salpingo-oophorectomy (BSO) with or without pelvic and/or 
para-aortic lymph node dissection. A subsequent adjuvant external beam 
radiotherapy (EBRT) with volumetric modulated arc therapy (VMAT) 
strategy plus a brachytherapy boost on vaginal cuff was proposed to all 
patients. When indicated, adjuvant platinum-based chemotherapy was 
administered after surgery in upfront to radiotherapy treatment or in a 
sandwich setting. The patients were treated consecutively. All patients 
signed a written informed consent prior undergoing the radiotherapy 
treatment, chemotherapy treatment and for clinical data utilization.

Exclusion criteria included: (1) Patients with a history of hemato
logic diseases or other malignancies; 2) Patients who have previously 
received treatments for endometrial cancer; (3) Patients who were 
pregnant or breastfeeding; (4) Patients concurrently enrolled in other 
clinical trials.

Radiotherapy treatment

All patients received external beam radiotherapy (EBRT) to the 
pelvis with volumetric modulated arc therapy (VMAT) technique. The 
clinical target volume (CTV) was composed by the intern iliac and extern 
iliac lymph nodes, the obturator nodes and the third superior of the 

vagina. If the cervix was involved at the initial staging, the pre-sacral 
nodes were involved in the CTV; if the common iliac nodes were 
involved at the initial staging, the lombo-aortic nodes were involved in 
the CTV; if the pelvic nodes were involved at the initial staging, the 
common iliac nodes were involved in the CTV. The planned target vol
ume (PTV) was defined by the CTV + 0.8 cm.

VMAT plans were delivered using 6 or 15 MV photon beams. The 
total prescribed dose to the PTV was 45 Gy with a dose per fraction of 
1.8 Gy.

Treatment plans were normalised setting the prescription dose to the 
50 % of the PTV according to ICRU 83 and optimized ensuring the 
respect of the following dose objectives related to the target: V95% > 95 
% and V105% <5%.

An additional brachytherapy boost on vaginal cuff was administered 
around 1 weeks after the end of EBRT done with a high dose rate (HDR) 
technique and consisted of a total dose of 10 Gy in 2 fractions of 5 Gy 
weekly.

CTCAE V 5.0 was used.
According to our internal guidelines, for grade 1 and 2 Hematolog

ical Tocixity patients repeat blood exam after 2–3 days with a clinical 
close monitoring; for a grade 3 or 4 hematological toxicity we evaluated 
patients case by case with an interruption of radiotherapy and/or 
chemotherapy if it is necessary, blood transfusion or granulocyte colony- 
stimulating factor administration.

Chemotherapy treatment

The chemotherapy regimen consisted of Carboplatin to achieve an 
area under the concentration–time curve (AUC) 6 plus paclitaxel at a 
dose of 175 mg per square meter every 21 days for six cycles.

Chemotherapy induced-toxicity effects include myelosuppression 
(neutropenia, thrombocytopenia, anaemia), GI toxicities, alopecia, 
neuropathy, renal and hepatic toxicities. Women receiving chemo
therapy were monitored closely. Routine prophylaxis with granulocyte 
colony-stimulating factor (GCSF) were not administered.

Bone marrow delineation

The pelvic BM was retrospectively delineated on the planning CT 
scan contouring all bones within the pelvis by an expert Radiation 
oncologist. We divided the pelvic BM into three different subsites: 

• the lumbosacral spine BM (LSBM): from the highest vertebral body 
included in the planning target volume (usually L5) to the entire 
sacrum;

• the ilium BM (IBM): from the iliac crests extending to the superior 
border of the femoral heads;

• the lower pelvis BM (LPBM): consisting of the pubes, ischia, 
acetabula, and proximal femora extending from the superior border 
of the femoral heads to the inferior border of the ischial tuberosities.

For each of these three regions we collected the volume receiving 10, 
20, 30 and 40 Gy (V10, V20, V30, V40, respectively) and the Dmean.

All patients undergoing radiotherapy in our center had weekly blood 
tests which included a complete blood count to identify an early he
matological toxicity. Hematological toxicity during radiotherapy treat
ment was graded according to the Common Terminology Criteria for 
Adverse Events (CTCAE) v.5.0.

Statistical analysis

A comprehensive database including dosimetric data, clinical infor
mation and acute hematological toxicities was created.

The aforementioned clinical and dosimetric parameters were 
analyzed in relation to the presence or absence of grade 2 early hema
tological toxicity, treated as a dichotomous outcome.
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Patients were randomly split in training and validation set: univar
iate analysis was conducted using either the Wilcoxon Mann Whitney 
(WMW) test or the t-test, depending on the normality of data distribu
tion, which was previously evaluated using the Shapiro-Wilk test [4,5].

A linear logistic regression model combining the two most significant 
variables was then elaborated.

The predictive performance of the model elaborated was evaluated 
using the area under the Receiver Operating Characteristic (ROC) curve 
(AUC), with 95 % confidence intervals calculated via the bootstrap 
method with 2000 iterations [6]. The optimal cut-off threshold was 
determined by maximizing the Youden Index (J), and sensitivity and 
specificity values at the best threshold were accordingly computed [7].

Tailored dose constraints were then derived, considering three levels 
of toxicity occurrence probability (20 %, 30 % and 40 %), being 43 % the 
probability of occurrence observed in the training set. The performance 
of the predictive model was further evaluated on the validation set [8].

The entire statistical analysis was conducted using R software 
(version 3.6.1, Vienna, Austria) and dedicated packages [9].

Results

We retrospectively enrolled a total of 99 women patients: 66 were 
included in the training set and 33 in the validation set. Median age was 
66 years with a range starting from 34 to 87 years old. 75 patients had a 
histological diagnosis of endometrial endometrioid cancer, 4 of endo
metrial non endometrioid cancer, other 4 of sarcoma and the remaining 
16 had other type of histological. Even if most patients had a patho
logical stage ranging from IB to IIIC1, there were patients with different 
stages (from IA to IV) and 37 patients had a nodal involvement as IIIC1 
stage (Table 1).

None of the enrolled patients had distant metastasis. A total of 52 
patients out of 99 underwent adjuvant chemotherapy before starting 
radiotherapy or in a sandwich setting.

There is not correlation between chemotherapy administration and 
outcomes.

Forty-three patients developed during radiotherapy treatment an HT 
> grade 2 defined as Hb < 10 g/dL, or Neutrophils < 1,500/mm3, or 
platelets count < 75.000/mm3.

At the univariate analysis, the most significant features correlated to 
hematological toxicity were age (p = 0.03) and V20 Gy of LSBM (p =
0.04). The two variables showed no mutual correlation (R2 = 0.03 using 
the Pearson Correlation Coefficient).

Combining the two features, a logistic regression model with an AUC 
of 0.73 (0.60–0.87 as 95 % confidence interval) was obtained, with a 
sensitivity of 83.3 % and a specificity of 61.5 % at the best threshold (29 
%) obtained maximising the Youden Index (J = 0.45).

Such results were confirmed in the validation set, were an AUC of 
0.72 (0.60–0.87 as 95 % confidence interval) was observed. Fig. 1 re
ports the ROC curves in training and validation set.

Considering the two variables object of the predictive model, Table 2
containing the dose constraints related to V20Gy LSBM was calculated at 
varying of age and risk probability.

Based on the patients age, so it is possible to obtain a tailored dose 
constraint that correlate hematological toxicity to a dose constraint ac
cording to patient age.

Instead, from our analysis, for patients older than 70, the risk of 
toxicity is below 20 % independently by the percentage volume of 
V20Gy LSBM.

Discussion

To date, the standard treatment for intermediate-high or high risk 
endometrial cancer includes pelvic radiotherapy with non-pelvic bone 
marrow sparing with or without previous chemotherapy.

Often the combination of therapies can cause a severe hematological 
toxicity with a treatment interruption, and eventually decrease the pa
tients’ survival time.

Acute hematological toxicity was associated with the dose and vol
ume of pelvic bone marrow irradiated in some studies moreover in 
cervical cancer.

So if we identify pelvic bone marrow by imaging and apply a dose 
constraints during the plan optimization, it could be possible to mini
mize the incidence of acute hematological toxicity.

Many controversies in the field remain with varied practice in target 
delineation, technical delivery approaches, and hematologic end points.

Some studies consider the entire bone whole pelvis as avoidance 
structure instead others delineated subsites of the pelvis, as in our study.

Different dosimetric parameters are considered as potential con
straints such as V10-V20-V30-V40 and Dmean.

Recently, metanalyses are published demonstrating that integration 
pelvic (active) bone marrow into the radiotherapy treatment plan 
optimization could reduce the dose of pelvic (active) bone marrow 
exposed to radiation.

Probably, it is due to a different red marrow activity and distribution 
in younger age [10].

Different studies [11] demonstrated that in older patients the 
enhancement of marrow decrease as fat content increase. Bone and red 
marrow structure and function seems to decline by age. It could justify as 
the risk of toxicity is low for patients older than 70, independently by the 
irradiated and volume of percentage of bone marrow. It is not correlated 
with chemotherapy administration.

Marrow composition also changes throughout life with a decrease in 
the amount of unsaturated marrow fats. Marrow fat content inversely 
reflects the red marrow content of bone. The more metabolically active 
red marrow drives bone blood flow which is critical to bone healing.

There are no standard criteria for optimal BM dose-limitation regi
mens, and further exploration is necessary. Our study is similar to 
different studies [12–16] that support a rationale for bone marrow- 
sparing treatment planning to reduce the risk of hematologic toxicity.

Table 1 
Patient characteristics.

Patients, n 99

Age, years (s.d.) 66 (34-87)

Pathology, n (%) ​
Endometrial Endometrioid Adenocarcinoma 75 (75%)
Endometrial Non endometroid AdenoCarcinoma 4 (4%)
Sarcoma 4 (4%)
Other 16 (16%)

Clinical stage FIGO 2018, n (%) ​
IA 3 (3%)
IB 27 (27%)
II 13 (13%)
IIA 1 (1%)
IIB 1 (1%)
IIIA 4 (4%)
IIIB 4 (4%)
IIIC1 37 (37%)
IIIC2 2 (2%)
IV 1 (1%)
IVA 2 (2%)
IVB 4 (4%)

Grading ​

1 2 (2%)

2 48 (48%)

3 27 (27%)

NA 22 (22%)

CT ​

No 21 (21%)

Yes 52 (52%)

NA 26 (26%)
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Bone marrow is located near radiation volume, and in particular 
LSBM, when we irradiated primary tumor and pelvic nodes. So there 
could be a strongly correlation with hematological toxicity and con
current radiochemotherapy treatment.

Nevertheless, some doubts remain in the current study: no consensus 
on dose limits for pelvic bone marrow, the clinical benefit of pelvic bone 
marrow protection planning is uncertain, and whether pelvic ABM 
protection planning are better than pelvic bone marrow protection 
planning.

There were many other limitations in our study. First, it is a retro
spective study, so we cannot determine the clinical impact or outcomes 
and we need of a prospective study.

Secondly, the small number of patients included in the study may be 
another limitation, moreover about statistical interpretation and inter
val uncertainty.

We included also oligometastatic patients to the diagnosis treated 
with surgery and chemiotherapy followed by radiotherapy treatment to 
increase local control.

Conclusions

In this experience a dose constraint age-dependent was proposed, to 
reduce the risk of HT.

Such constraint was focused on the optimization of the 20 Gy isodose 
on lombo-sacral pelvis: in particular, the volume of lombo-sacral pelvis 
receiving low-dose radiation (V20 LSBM > 64 %) seems to be associated 
with HT in younger patients; instead, in patients older than 70 years, the 
percentage of V20Gy LSBM seems not correlate with risk of toxicity. 
Future investigations should seek to confirm these findings through the 
inclusion of these parameters in the planning process.
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