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Introduction

Esophageal cancer remains one of the most aggressive gastrointestinal malignancies,
characterized by late presentation and poor prognosis. Globally, it ranks as the seventh most
common cancer and the sixth leading cause of cancer-related mortality!*!. Owing to the
anatomical constraints of the esophagus and the tendency for early local invasion, a
substantial proportion of patients present with locally advanced disease requiring concurrent

chemoradiotherapy (CCRT) as the standard of care when surgery is not feasible**],
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Cisplatin-based chemotherapy acts as a radiosensitizer and enhances local control but also

increases the risk of systemic toxicities, especially hematologic suppression.

The thoracic vertebrae house a major portion of active bone marrow in adults. During
thoracic radiotherapy, a significant volume of this marrow is incidentally irradiated,
potentially contributing to acute hematologic toxicities™). These toxicities—particularly
leukopenia and neutropenia—can lead to treatment interruptions, dose reductions, infections,
and compromised treatment outcomes. Therefore, understanding dose—volume relationships
of thoracic bone marrow during chemoradiation is essential for improving treatment

tolerance.

Esophageal cancer shows striking geographic variation, with high incidence in Asia.
According to GLOBOCAN 2020, over 600,000 new cases and 544,000 deaths were reported
globally, with squamous cell carcinoma (SCC) being the predominant subtype in Asian
populations!!). In India, esophageal cancer is among the leading causes of cancer-related
deaths, particularly in the northeastern and southern regions!®!. Most patients present with

Stage II-11I disease, where CCRT remains the primary curative modality.

The use of concurrent radiation and chemotherapy in such patients leads to cumulative
myelosuppression due to the combined impact of cytotoxic drugs and incidental irradiation of
active bone marrow, particularly within the thoracic vertebrae—making hematologic toxicity

an important clinical concern.

Several studies have highlighted the relationship between radiation dose to bone marrow and

hematologic toxicity in various thoracic malignancies:

e Lung cancer studies have shown significant correlations between thoracic bone
marrow V10, V20, and reductions in leukocyte and neutrophil counts, suggesting that

dose-volume parameters are predictive of acute hematologic toxicity!”:*.

« Esophageal cancer—specific studies such as those by Yu et al®. (2020) and Shi et
all'”. (2019) demonstrated that higher thoracic bone marrow doses were associated

with increased risks of grade >2 leukopenia and neutropenia during CCRT.

o IMRT-based planning studies have shown that bone marrow sparing can reduce

hematologic toxicities without compromising target coveragel!'!!.
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Despite this evidence, there is limited prospective data from the Indian population
evaluating the dose-toxicity relationships specifically for thoracic marrow in esophageal

cancer patients undergoing CCRT.
Justification 81

Hematologic toxicity remains one of the most common and clinically significant adverse
effects during CCRT for esophageal cancer. These toxicities can interrupt the treatment
schedule, reduce chemotherapy compliance, increase hospitalization risks, and negatively
impact overall prognosis. Since a substantial proportion of functioning bone marrow lies
within the thoracic vertebrae, radiation dose to this region may play a critical role in marrow

suppression.

However, thoracic bone marrow is not routinely contoured in many radiotherapy centers,
and standardized dose constraints for marrow sparing in esophageal cancer are still lacking.
There is a pressing need for prospective studies analyzing the correlation between dose-
volume parameters (V5, V10, V20, mean dose) and acute hematologic toxicities to establish

evidence-based planning guidelines.

Therefore, this study aims to address these gaps by prospectively evaluating thoracic marrow
dosimetry and its association with hematologic toxicity in patients undergoing concurrent

chemoradiotherapy for esophageal cancer in an Indian tertiary care setting.

Aim and objectives
AIM

To evaluate the correlation between thoracic bone marrow radiation dose and the
development of acute hematological toxicities in patients with esophageal cancer undergoing

concurrent chemoradiotherapy.
OBJECTIVES

1. To assess the dose-volume parameters of thoracic bone marrow receiving radiation
(e.g., V5, V10, V20, mean dose) during chemoradiotherapy in esophageal cancer

patients.
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2. To analyze the association between these thoracic marrow dose parameters and the
severity of acute hematological toxicities (anemia, leukopenia, neutropenia,

thrombocytopenia) using CTCAE criteria.
Materials and methods
Study Design and Setting

This was a prospective observational study conducted in the Department of Radiation
Oncology at a tertiary care center in Tamil Nadu, India, over a period of 18 months from
Jan 2023 to Jun 2024. The study aimed to investigate the association between thoracic bone
marrow radiation dose and the development of acute hematological toxicities in patients

undergoing concurrent chemoradiotherapy for esophageal cancer.
Study Population

A total of 38 patients diagnosed with histologically confirmed esophageal carcinoma,
planned for concurrent chemoradiation with curative intent, were enrolled in the study.

Patients were recruited based on the following eligibility criteria:
Inclusion Criteria

e Age between 18 and 75 years.

e ECOG performance status 0-2.

« Histologically confirmed squamous cell carcinoma or adenocarcinoma of the
esophagus.

o Candidates planned for concurrent chemoradiotherapy.

o Baseline complete blood count within normal limits.
Exclusion Criteria

« Prior radiotherapy or chemotherapy for any malignancy.

« Evidence of distant metastases.

e History of hematologic disorders or bone marrow suppression.

o Patients receiving growth factors or hematopoietic support prior to therapy.

e Pregnancy or lactation.
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Written informed consent was obtained from all participants. The study was approved by the

Institutional Ethics Committee.

Treatment Protocol
Radiotherapy Planning

All patients underwent contrast-enhanced computed tomography (CECT) simulation in
supine position with appropriate immobilization. The images were acquired with 3-mm slice

thickness and transferred to the planning system for contouring.

e Target Volume Delineation: Gross tumor volume (GTV), clinical target volume
(CTV), and planning target volume (PTV) were delineated based on institutional
protocol and international guidelines.

« Bone Marrow Contouring: Thoracic vertebral bodies from T1 to T12 were
contoured manually on planning CT and considered as a surrogate for thoracic bone

marrow (BM). Care was taken to exclude cortical bone from the delineation.
Radiotherapy Delivery

Patients were treated with conformal radiotherapy techniques, such as 3DCRT or IMRT,
using linear accelerator-based photon therapy. A total dose of 50.4 Gy in 28 fractions (1.8

Gy per fraction, 5 days per week) was delivered over approximately 5.5 weeks.

Concurrent Chemotherapy

All patients received concurrent chemotherapy, typically cisplatin (40 mg/m?2) weekly, as per

institutional practice.
Dosimetric Analysis

The dose-volume histogram (DVH) data for thoracic bone marrow were extracted from the

treatment planning system. The following parameters were recorded:

e V5, V10, V20: Volume of thoracic BM receiving >5 Gy, 10 Gy, and 20 Gy,
respectively (expressed as percentage).
e Mean Dose (Dmean): Average radiation dose to thoracic BM.
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Hematological Toxicity Assessment

Complete blood counts (CBC) were obtained at baseline (prior to starting chemoradiation),
weekly during treatment, and at the end of therapy. The following parameters were

monitored:

« Hemoglobin level (g/dL)
o Total leukocyte count (cells/mm3)
o Absolute neutrophil count (ANC)

o Platelet count (cells/mm3)

Toxicities were graded according to the Common Terminology Criteria for Adverse
Events (CTCAE) Version 5.0. The maximum grade of hematologic toxicity experienced

by each patient during treatment was recorded.

Statistical Analysis

Data were analyzed using IBM SPSS version 26.0. Descriptive statistics were used to

summarize patient characteristics, dosimetric parameters, and incidence of hematologic

toxicities.

e Pearson correlation was used to evaluate the relationship between thoracic BM dose

parameters and hematological toxicity grades.
o Multivariate logistic regression was performed to identify independent predictors of

grade >2 hematologic toxicity.

e A p-value <0.05 was considered statistically significant.

Results

Table 1: Baseline Demographic and Clinical Characteristics of the Study Population (n

= 38)

Variable Frequency (%) / Mean + SD
Age (years) 58.2+95
Gender (Male:Female) 26 (68.4%) : 12 (31.6%)
BMI (kg/m2) 22.1+23
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ECOG Performance Status (0/1/2) 10 (26.3%) / 22 (57.9%) / 6 (15.8%)
Tumor Location (Upper/Mid/Lower) | 6 (15.8%) / 19 (50%) / 13 (34.2%)
Histology (SCC/Adenocarcinoma) 32 (84.2%) / 6 (15.8%)

Stage (11/111) 11 (28.9%) / 27 (71.1%)

Table 2: Thoracic Bone Marrow Dosimetric Parameters

Parameter Mean £ SD | Median (Range)
Thoracic BM Volume (cc) | 835.4 + 75.2 | 828.0 (710-950)
V5 (%) 82.4+87 |83.1(61.2-95.3)
V10 (%) 742+95 |745(56.3-91.1)
V20 (%) 55.8+12.4 |57.0 (32.4-76.2)
Mean Dose (Gy) 19.6£4.3 19.3 (12.8-27.1)

Table 3: Incidence of Acute Hematological Toxicities (Based on CTCAE v5.0)

Toxicity Type Grade0-1 | Grade2 | Grade3 | Grade 4

Anemia 24 (63.2%) | 9 (23.7%) |5(13.1%) | 0
Leukopenia 15 (39.5%) | 14 (36.8%) | 8 (21.1%) | 1 (2.6%)
Neutropenia 18 (47.4%) | 12 (31.6%) | 7 (18.4%) | 1 (2.6%)

Thrombocytopenia | 29 (76.3%) | 7 (18.4%) |2 (5.3%) |0

Table 4: Correlation Between Bone Marrow Dose Parameters and Hematological

Toxicity Severity
Dosimetric Parameter | Correlation with Grade >2 Leukopenia (r) | p-value
V5 (%) 0.52 0.001**
V10 (%) 0.48 0.003**
V20 (%) 0.62 <0.001**
Mean Dose (Gy) 0.56 0.002**

Note: Pearson's correlation. p < 0.05 = significant
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Table 5: Logistic Regression — Predictors of Grade >2 Hematological Toxicity

Predictor Variable Odds Ratio (95% CI) | p-value
V20 > 60% 3.12 (1.21-8.01) 0.017*
Mean BM Dose > 20 Gy | 2.85 (1.04-7.83) 0.039* 86
Age > 60 years 1.26 (0.48-3.31) 0.634
Concurrent cisplatin use | 2.45 (1.02-5.87) 0.045*

Multivariate logistic regression. p < 0.05 = significant

Discussion

In this prospective study, we evaluated the relationship between thoracic bone marrow (BM)
dosimetric parameters and acute hematological toxicities in esophageal cancer patients
undergoing concurrent chemoradiotherapy. The results demonstrated significant correlations
between higher thoracic marrow radiation exposure—particularly V10, V20, and mean
dose—and increased severity of leukopenia and neutropenia. These findings are consistent
with previously published evidence, further reinforcing the importance of marrow sparing

during thoracic radiotherapy.

In our study, higher radiation dose to thoracic bone marrow correlated with increased
hematologic toxicity during chemoradiotherapy (CRT) for esophageal cancer. This agrees
with observations from earlier works that dose—volume parameters of thoracic marrow

predict leukopenia/neutropenia.
Dose—volume parameters and hematologic toxicity

e A study by Increasing Radiation Dose to the Thoracic Marrow Is Associated With
Acute Hematologic Toxicities in Patients Receiving Chemoradiation for Esophageal
Cancer found that higher thoracic-marrow (TM) mean dose and TM V5-V50
correlated significantly with grade >3 hematologic toxicity (HT3+). In their cohort of
137 esophageal cancer patients receiving CRT, TM-V30 was the strongest predictor:
TM-V30 >14% was associated with a 5.7-fold increased odds of HT3+!2!,

e In addition, Vertebral body irradiation during chemoradiation therapy for esophageal
cancer contributes to acute bone marrow toxicity — involving 53 EC patients treated

with neoadjuvant CRT — reported that vertebral body (VB) DVH parameters (VB
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V5, V10, V20, V30 and mean vertebral dose) were significantly associated with
leukopenia nadir. Cut-off thresholds proposed: VB V10 <49.1%, VB V20 <45.6%,
and mean vertebral dose (MVD) <17.2 Gy to reduce risk of grade >3 leukopenial'*l,

e Another earlier study, Dosimetric predictors of acute haematological toxicity in 87
oesophageal cancer patients treated with neoadjuvant chemoradiotherapy (41 patients
with cisplatin + 5-FU), demonstrated that greater irradiation of thoracic vertebrae and
ribs (TV V5-V30, rib V5-V20) was associated with increased leukopenia and
neutropenia risk. They suggested limiting MVD < 25.9 Gy, TVV10 < 77%, and
TVV20 < 70% to decrease HT!",

The associations observed in our study reinforce that both low-dose (V5-V10) and
intermediate-dose (V20—-V30) irradiation of thoracic bone marrow meaningfully contribute to
hematologic suppression. Our findings parallel the dose thresholds suggested by earlier

works.
Relevance of marrow-sparing techniques

e The above findings have motivated efforts to reduce bone marrow irradiation. In the
same “Increasing TM dose” study, authors advocated for limiting TM exposure or

using advanced planning techniques!'?).

e Moreover, dosimetric-clinical evidence is emerging that marrow-sparing may mitigate
HT without compromising tumor dose. While data in esophageal cancer remain
limited, strategies used in other malignancies (e.g., pelvic malignancies) have shown

benefit — supporting the general concept of bone marrow sparing!!'3!,

Given our data and these prior studies, adopting marrow-sparing constraints (e.g., limiting
vertebral body V10/V20, mean marrow dose) seems rational when designing CRT plans for

esophageal cancer.
Strengths and Limitations

The prospective design, weekly hematologic monitoring, and detailed marrow dosimetry
strengthen the validity of our findings. The results appear consistent across multiple
populations—Chinese!'!), American"), and Indian!*! —suggesting a globally consistent

dose—toxicity relationship.
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Our study is limited by a modest sample size (n = 38), single-center design, and lack of
separate analysis of active versus inactive marrow (functional imaging such as FLT-PET was
not used). Additionally, chemotherapy regimen was uniform (weekly cisplatin), restricting

comparison across drug protocols.
Implications for Clinical Practice

The study strongly supports applying thoracic marrow dose constraints—particularly V20 <
60% and mean dose < 20 Gy—in treatment planning for esophageal cancer. Incorporating
marrow-sparing strategies, especially with IMRT, may reduce hematologic toxicity, minimize

treatment breaks, and overall improve treatment compliance.
Conclusion

This prospective study demonstrated a significant correlation between thoracic bone marrow
radiation dose and the development of acute hematological toxicities in patients undergoing
concurrent chemoradiation for esophageal cancer. Specifically, higher dose-volume
parameters such as V10, V20, and mean dose to thoracic marrow were associated with
increased risk of grade >2 leukopenia and neutropenia. These findings suggest that bone
marrow sparing should be an important consideration during radiotherapy planning to
minimize treatment-related hematologic toxicity. Incorporating bone marrow dose
constraints—particularly limiting V20 and mean dose—may enhance treatment tolerability
without compromising oncological outcomes. Given the modest sample size, further large-
scale prospective studies are warranted to validate these results and to develop standardized

guidelines for bone marrow sparing in thoracic radiotherapy protocols for esophageal cancer.
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