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Abstract
Background
Pelvic radiotherapy for rectal cancer inevitably exposes substantial volumes of hematopoietic bone marrow,
which are highly susceptible to radiation-induced damage. This leads to lymphopenia, with implications for
both immune function and tumor control. The impact of lymphocyte depletion during treatment,
particularly its correlation with pathological response, local control, and overall survival, remains an area of
active research.

Methods
In this study, we analyzed lymphocyte variations during radiotherapy for rectal cancer and their relationship
to treatment outcomes. Delta lymphocyte count was used as a marker for radiation-induced lymphopenia
(RIL), defined as the difference between the highest and lowest lymphocyte levels during treatment. A
cohort of rectal cancer patients receiving pelvic radiotherapy was followed to assess the relationship
between radiation-induced lymphopenia and progression-free survival, pathological response, and
treatment-related toxicity, including mucositis, dermatitis, and xerostomia.

Results
A total of 97 patients were included, with a median age of 69 years. Tumors were mostly located less than 5
cm from the anal margin (53.4%). The majority had T3-T4 disease (59.7%), and 80.4% had clinically positive
lymph nodes. Treatment included external radiotherapy (mean dose 50.2 Gy) and chemotherapy, with 92.8%
receiving 3D radiotherapy. The median follow-up was 72 months. The incidence of grade 3-4 lymphopenia
was 25.21%, with a mean delta lymphopenia (ΔL) of 350.6 cells. The Tumor Regression Grade (TRG) score
showed 61.2% had a response of >1. Higher radiation doses (>25 Gy) were associated with greater reductions
in lymphocyte counts (Spearman correlation = 0.45, p=0.03). Kaplan-Meier analysis revealed better
progression-free survival for patients with ΔL ≤300 cells (HR=0.65, p=0.0013). Multivariate analysis
confirmed that ΔL was a significant predictor of progression-free survival (HR=0.68, p=0.012), with larger ΔL
values linked to poorer survival.

Conclusion
Delta lymphocyte count serves as a reliable biomarker for radiation-induced immune suppression and is
predictive of pathological response and survival outcomes in rectal cancer patients undergoing pelvic
radiotherapy. Our findings underscore the importance of considering immune preservation in radiotherapy
planning. Tailored interventions, such as marrow-sparing techniques and immunomodulatory strategies,
could potentially improve treatment efficacy and reduce toxicities.

Categories: Medical Physics, Radiation Oncology, Oncology
Keywords: hematopoietic bone marrow, pelvic radiotherapy, radiation-related lymphopenia, rectal cancer, tumor
micro environment

Introduction
The standard treatment for locally advanced rectal cancer is total neoadjuvant therapy (TNT) [1,2]. This
approach consists of induction chemotherapy followed by chemoradiotherapy, as established in the
PRODIGE-23 protocol [2], or short-course radiotherapy followed by systemic chemotherapy, as evaluated in
the RAPIDO trial [1]. Both approaches are considered equivalent [3,4], with surgery performed when
indicated.

Over the past two decades, cancer biology has shifted from a tumor-focused view to one recognizing the
tumor microenvironment (TME) as a complex ecosystem of stromal and immune components that critically
influence tumor progression and therapeutic response [5-8]. Growing evidence has also highlighted the
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TME's contribution to treatment resistance, influencing both systemic therapies and radiotherapy responses
[9-11].

Lymphocytes are highly radiosensitive, and even modest radiation exposure can cause significant declines in
circulating lymphocyte counts [12]. Because the immune system plays a central role in antitumor activity,
the presence of CD8+ and CD4+ tumor-infiltrating lymphocytes has been associated with improved survival
in esophageal cancer, owing to their capacity to directly eliminate malignant cells or to secrete cytokines
that stimulate additional immune effectors [13,14]. Radiation-induced lymphopenia (RIL)-the decline in
circulating lymphocytes observed during radiotherapy-has been correlated with inferior outcomes across
multiple malignancies, including rectal cancer, gliomas, head and neck cancers, lung cancer, and pancreatic
cancer [15-20]. These observations suggest that RIL may reflect systemic immune suppression and could
serve as a prognostic indicator of tumor control and overall survival.

In patients with pelvic malignancies, including rectal cancer, radiotherapy frequently involves irradiation of
large volumes of lymphoid-rich structures, such as the pelvic bone marrow, iliac vessels, and regional lymph
nodes [21-24] Given that a substantial proportion of hematopoietic activity-up to one quarter-occurs in the
pelvis, exposure of these sites can significantly impair circulating lymphocyte counts and overall immune
function [25]. Radiation-induced lymphopenia (RIL) is a common consequence of pelvic irradiation and has
been associated with worse clinical outcomes in multiple tumor types [26]. Observational studies indicate
that higher radiation doses and larger irradiated volumes of pelvic bone marrow correlate with increased
hematologic toxicity, although precise dose-volume thresholds remain undetermined [22,23,27,28]. In the
absence of validated normal tissue complication probability (NTCP) models, the ALARA principle ("as low as
reasonably achievable") has been recommended to minimize lymphocyte depletion during pelvic
radiotherapy [21]. Collectively, these findings suggest that preserving lymphocyte counts may be crucial for
optimizing tumor control and survival in rectal cancer patients undergoing radiotherapy; for this reason, we
selected lymphopenia as the primary marker of the immune response.

Delta lymphocyte count was selected as the primary biomarker of radiation-induced lymphopenia because it
provides a dynamic assessment of immune depletion during treatment, integrating both baseline variability
and treatment-related lymphocyte loss, which may better correlate with clinical outcomes than isolated
baseline or nadir values.

Aims
The primary objective of this study was to evaluate the association between lymphocyte dynamics during
radiotherapy and progression-free survival (PFS). Secondary objectives included analysis of pathological
response (Tumor Regression Grade; TRG), while local control and overall survival were explored
descriptively.

Materials And Methods
Study design and population
We conducted a retrospective review of patients with histologically confirmed rectal adenocarcinoma treated
at a single institution with neoadjuvant pelvic radiotherapy between January 2016 and January 2024.
Patients managed within a total neoadjuvant treatment strategy were eligible for inclusion. Exclusion
criteria comprised the presence of metastatic disease at diagnosis, prior pelvic irradiation, synchronous
malignancies, or pre-existing hematological disorders. None of the included patients required granulocyte-
monocyte colony-stimulating factor support or received red blood cell or platelet transfusions during the
course of pelvic radiotherapy. Variations in lymphocyte counts were graded according to the Common
Terminology Criteria for Adverse Events (CTCAE), version 5.0 [29,30].

Study protocol and data collection
For each patient, clinical and demographic data were collected from electronic medical records using the DX
Care system, including age, sex, tumor histological subtype, tumor location, circumferential resection
margin status, and TNM staging [31]. Details regarding neoadjuvant chemotherapy and radiotherapy
protocols were recorded, along with oncologic outcomes. Postoperative pathological reports were reviewed
to evaluate tumor response using the Dworak Tumor Regression Grading (TRG) system, which classifies
response from grade 0 (no regression) to grade 4 (complete regression) [29].

Radiotherapy dosimetric assessment
Radiotherapy target volumes were defined according to institutional practice and international guidelines
[32]. The gross tumor volume (GTV) included the primary rectal tumor and involved lymph nodes. The
clinical target volume (CTV) encompassed the mesorectum and elective pelvic nodal regions when indicated.
A planning target volume (PTV) margin of 5-10 mm was applied to account for setup uncertainty and organ
motion. Treatments were delivered using three-dimensional conformal radiotherapy or intensity-modulated
radiotherapy with megavoltage photon beams (6-18 MV), using CT-based dose calculation and daily or
weekly image guidance.
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Pelvic bone marrow was contoured on simulation CT scans and included the ilium, sacrum, ischium, and
proximal femora, extending from the L5-S1 junction to the inferior margin of the ischial tuberosities. Based
on established radioanatomical guidelines, two distinct bone marrow compartments were delineated. Low-
density bone marrow (LDBM) was identified as hypodense regions within pelvic bones on simulation CT,
while active bone marrow (ABM) corresponded to relatively hyperdense trabecular marrow areas, following
previously described CT-based marrow delineation approaches. Contouring was performed using anatomical
landmarks by experienced radiation oncologists. No strict Hounsfield unit thresholds or interobserver
variability assessments were applied due to the retrospective nature of the study.

No modifications were made to the original pelvic radiotherapy treatment plans. Dosimetric parameters,
including mean dose, maximum dose, and dose-volume metrics (V10, V30, and V40) for pelvic bone marrow,
were extracted from the treatment planning system.

The biologically effective dose (BED) was calculated using the linear-quadratic model with an α/β ratio of 10
Gy, appropriate for rectal adenocarcinoma. A mean pelvic bone marrow dose threshold of >25 Gy was
predefined for exploratory correlation analyses with delta lymphocyte count.

Biological data collection
Peripheral lymphocyte counts were obtained at baseline, during radiotherapy as part of routine clinical
monitoring, and at follow-up visits at three and six months after treatment. Delta-lymphocyte variation
(ΔL) was defined as the difference between the highest and lowest recorded lymphocyte values across these
time points.

Statistical analysis
Statistical analyses were performed using SPSS software, version 17.0 (IBM Inc., Armonk, New York). Paired
comparisons were conducted using the paired-sample t-test. A two-sided p-value of <0.05 was considered
statistically significant. Correlations between variables were assessed using Spearman’s rank correlation
coefficient. Survival outcomes were estimated using the Kaplan-Meier method, and differences between
groups were evaluated using the log-rank test. Multivariable Cox regression models were adjusted for
relevant clinical variables, including age, tumor stage, and mean pelvic bone marrow dose. 

Results
A total of 97 patients were included in the analysis. The median age was 69 years. 54.3% were male patients.
More than half of the tumors (53.4%) were located less than 5 cm from the anal margin. 62.8% of patients
had tumors located within 1 mm from the anal margin. The clinical T stage distribution was as follows: T1
(13.4%), T2 (26.8%), 59.7% of the patients had T3-T4 disease. Clinically positive lymph nodes were observed
in 80.4% of patients (Table 1).
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Parameter Subcategory / value N (%)

Age Mean (Years) 69 (100%)

Sex
Male 54 (54.28%)

Female 43 (45.72%)

Distance from anal margin (cm)
<5 cm 52 (53.44%)

5-10 cm 48 (46.56%)

Distance to MRF <1mm 61 (62.8%)

Clinical T stage 

T1 13 (13.4%)

T2 26 (26.8%)

T3 32 (32.9%)

T4 26 (26.8%)

Clinical N stage 
N0 19 (19.55%)

N+ 78 (80.4%)

TABLE 1: Baseline clinical and tumor characteristics of the study population
MRF - mesorectal fascia

The treatments administered to the patients included external radiotherapy, with a mean total dose of 50.2
Gy, ranging from 25 Gy to 66 Gy, and a mean dose per fraction of 1.9 Gy, varying from 1.8 Gy to 5 Gy. The
radiotherapy techniques used were predominantly 3D (92.8%), while intensity-modulated radiation therapy
(IMRT) was used in 7.2% of cases. Regarding specific neoadjuvant radiotherapy protocols, 35% (34 patients)
were treated with the PRODIGE 23 protocol, 15% (15 patients) followed the RAPIDO protocol, and 49% (48
patients) received other neoadjuvant radiotherapy treatments. These patients received neoadjuvant
regimens with institution-specific chemotherapy schedules administered either before or after radiotherapy,
according to multidisciplinary team decisions. The mean duration of radiotherapy treatment was 39 days,
and the median follow-up period was 72 months.

The median volumes of LDBM and ABM were 114.6 cc and 765.4 cc, respectively. The maximal doses
received by LDBM and ABM were 54.2 Gy and 52.2 Gy, respectively. Mean dose to BM wasn't statistically
different if considering contouring BM based on LDBM or ABM (29.3 Gy versus 30.8 Gy, p=0.64)

The incidence of grade 3-4 lymphopenia was 25.21%, with a mean delta lymphopenia (ΔL) of 350,6
elements. No grade V toxicity was reported in our study. Histologic response was evaluated using the TRG
score, where >1 was 61.2% (Table 2).
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Parameter LDBM ABM T p-value

Volume cc 1144.6 765.3 1.33 0.034

Dmax 54.2 52.1 0.34 0.12

Dmean 29.3 30.7 0.29 0.64

V10 Gy 881.2 664.6 4.55 0.0145

V40 Gy 410.8 36.43 3.51 0.001

TABLE 2: Comparison of dosimetric parameters between low-density and active bone marrow
volumes
Dmax - maximal dose; Dmean - mean dose; V10 - volume in cc receiving 10 Gy during the whole treatment; V40 - volume in cc receiving 40 Gy during
the whole treatment; LDBM -low-density bone marrow; ABM - active bone marrow

Paired sample T test was used for statistical analysis; p<0.05 was considered significant

Spearman's correlation between (Mean dose BM >25 Gy) and delta lymphopenia (>300 E) was 0.45 (p=0.03),
indicating higher radiation doses were associated with greater reductions in lymphocyte counts.

The Kaplan-Meier analysis showed that lymphocytes variation (ΔL) less than or equal to 300E had
significantly better progression-free survival (HR=0.65, p=0.0013) (Figure 1).

FIGURE 1: Impact of Δ-lymphopenia on progression-free survival /
analysis of progression-free survival in patients according to variations
in lymphocyte levels (Δ lymphopenia) observed throughout the
treatment course, highlighting the impact of immune status on disease
control

The multivariate analysis revealed that ΔL remained a significant predictor of PFS after adjusting for other
factors (hazard ratio (HR)=0.68, 95% confidence interval (CI): 0.50-0.92, p=0.012). In contrast, age and tumor
stage were not found to be statistically significant predictors of PFS in this cohort. Specifically, while higher
ΔLvalues (>300E) were associated with poorer survival, this effect was adjusted for the influence of other
covariates in the model (Table 3).

 

2026 Dahbi et al. Cureus 18(3): e105398. DOI 10.7759/cureus.105398 5 of 9

javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1851265/lightbox_5cd2db60db4e11f0bee557af9a9f1a15-Figure-1.png
javascript:void(0)


Variables Univariate analysis Multivariate analysis

Cox regression HR-95%IC p-valuie HR-95%IC p-value

Age 1.2 (1.84-1.99) 0.112 1.33 (1.74-1.89) 0.245

Histological subtype 0.65 (0.57-0.77) 0.276 0.25 (0.11-0.57) 0.375

Tumor stage T 1.67 (1.98-1.34) 0.18 1.55 (1.47-1.79) 0.27

Delta-lymphocytes 1.50(1.20-1.80) 0.003 1.45 (0.79-1.67) 0.004

Mean dose BM 1.3- (1.28-1.92) 0.001 1.56 (0.28-1.92) 0.002

TRG score >1 2.1 (1.5-2.9) 0.0001 2.05 (0.45-2.8) 0.001

TABLE 3: Univariate and multivariate analysis of factors associated with tumor regression grade
(TRG) in rectal cancer patients

Discussion
Pelvic radiotherapy in rectal cancer unavoidably delivers radiation to large volumes of active bone marrow,
most notably within the iliac, sacral, and ischial regions. As the pelvis harbors a substantial share of the
body's hematopoietically functional marrow, these anatomical sites are particularly prone to radiation-
related hematologic toxicity [33,34]. Radiation exposure affects immune homeostasis through two
complementary mechanisms: direct depletion of circulating lymphocytes, which exhibit high
radiosensitivity, and disruption of hematopoietic stem cells and lymphoid progenitors responsible for
cellular renewal. The combination of these effects may result in marked and persistent lymphopenia, a
condition that has been associated with impaired tumor control and decreased survival [12,17]. From a
radiobiological standpoint, these observations illustrate how tissue-specific radiosensitivity and the spatial
distribution of stem cell populations influence the biological consequences of radiation dose, thereby
emphasizing the clinical relevance of Δ-lymphocyte variation, which may serve as a potential clinical
marker reflecting radiation-induced lymphopenia and its association with treatment outcomes [35-37].
Identifying patients with large lymphocyte drops may enable tailored interventions, such as marrow-sparing
radiotherapy planning, dose constraints on low- and medium-dose pelvic volumes, or incorporation of
immunomodulatory strategies. In conclusion, the magnitude of radiation-induced lymphopenia, as captured
by delta lymphocyte count, is independently associated with pathological response, local tumor control, and
overall survival in rectal cancer patients undergoing pelvic radiotherapy [38-42].

Limitations
This study has several limitations. Its retrospective, single-center design may introduce selection bias and
limit the generalizability of the findings. The sample size, although comparable to other studies evaluating
radiation-induced lymphopenia in rectal cancer, may have limited the statistical power to detect weaker
associations in multivariate analyses.

Treatment heterogeneity represents another important limitation. Patients received different neoadjuvant
strategies, radiotherapy doses, fractionation schemes, and chemotherapy regimens, which may have
influenced lymphocyte dynamics and clinical outcomes. In addition, most patients were treated using three-
dimensional conformal radiotherapy, with limited use of contemporary bone marrow-sparing techniques;
therefore, the extent of lymphocyte depletion observed in this cohort may not fully reflect outcomes
achievable with modern IMRT or volumetric modulated arc therapy (VMAT) approaches.

Although lymphocyte counts were routinely monitored on a weekly basis during radiotherapy, variability in
sampling frequency and timing may have influenced the calculation of delta lymphocyte count (ΔL),
introducing potential measurement bias. Moreover, ΔL represents a composite biomarker affected by
multiple factors beyond radiotherapy, including baseline immune status, chemotherapy exposure,
infections, corticosteroid use, and post-treatment immune recovery. Consequently, exclusive attribution of
lymphocyte depletion to radiation exposure is not possible in this retrospective analysis.

Immune assessment was limited to total peripheral lymphocyte counts, without evaluation of lymphocyte
subpopulations or functional immune markers, which restricts biological interpretation. Bone marrow
segmentation was based on qualitative CT appearance without predefined Hounsfield unit thresholds or
interobserver variability assessment, potentially limiting reproducibility and introducing observer-related
variability.
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Finally, while progression-free survival was the primary endpoint of this study, analyses of local control and
overall survival were limited by the number of events and should be interpreted with caution. The ΔL cutoff
value used in this study was exploratory and requires validation in prospective, multicenter cohorts.

Despite these limitations, this study provides clinically relevant data supporting the prognostic significance
of lymphocyte dynamics during pelvic radiotherapy for rectal cancer and highlights the need for immune-
preserving radiotherapy strategies in future investigations.

Conclusions
Radiotherapy-induced lymphopenia is a frequent and clinically significant phenomenon in patients with
rectal cancer undergoing pelvic irradiation. Our study suggests that greater reductions in circulating
lymphocyte counts (Δlymphocytes >300 cells/µL) are associated with poorer progression-free survival and
lower rates of complete pathological response, highlighting the prognostic value of immune monitoring
during treatment. Dosimetric factors, particularly the mean dose to pelvic bone marrow, are strongly
correlated with lymphocyte depletion, emphasizing the need to incorporate bone marrow-sparing strategies
into radiotherapy planning. These findings illustrate the dual impact of radiotherapy on the immune
system: while it contributes to local tumor control, excessive irradiation of hematopoietic compartments
may compromise systemic immunity and overall treatment efficacy. Future prospective studies integrating
immune-preserving radiotherapy techniques, along with combinations of radiotherapy and immunotherapy,
are warranted to optimize both local control and systemic anti-tumor immunity in rectal cancer.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Reyzane El Mjabber, Zineb Dahbi, Rim Alami, Yasmine Harrar, Fadila Guessous

Acquisition, analysis, or interpretation of data:  Reyzane El Mjabber, Zineb Dahbi, Rim Alami, Yasmine
Harrar, Fadila Guessous

Drafting of the manuscript:  Reyzane El Mjabber, Zineb Dahbi, Rim Alami, Yasmine Harrar, Fadila
Guessous

Critical review of the manuscript for important intellectual content:  Reyzane El Mjabber, Zineb Dahbi,
Rim Alami, Yasmine Harrar, Fadila Guessous

Supervision:  Zineb Dahbi, Fadila Guessous

Disclosures
Human subjects: Informed consent for treatment and open access publication was obtained or waived by all
participants in this study. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Bahadoer RR, Dijkstra EA, van Etten B, et al.: Short-course radiotherapy followed by chemotherapy before

total mesorectal excision (TME) versus preoperative chemoradiotherapy, TME, and optional adjuvant
chemotherapy in locally advanced rectal cancer (RAPIDO): a randomised, open-label, phase 3 trial. Lancet
Oncol. 2021, 22:29-42. 10.1016/S1470-2045(20)30555-6

2. Conroy T, Bosset JF, Etienne PL, et al.: Neoadjuvant chemotherapy with FOLFIRINOX and preoperative
chemoradiotherapy for patients with locally advanced rectal cancer (UNICANCER-PRODIGE 23): a
multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 2021, 22:702-15. 10.1016/S1470-
2045(21)00079-6

3. Jin J, Tang Y, Hu C, et al.: Multicenter, randomized, Phase III trial of short-term radiotherapy plus
chemotherapy versus long-term chemoradiotherapy in locally advanced rectal cancer (STELLAR). J Clin
Oncol. 2022, 40:1681-92. 10.1200/JCO.21.01667

4. Ciseł B, Pietrzak L, Michalski W, et al.: Long-course preoperative chemoradiation versus 5 × 5 Gy and
consolidation chemotherapy for clinical T4 and fixed clinical T3 rectal cancer: long-term results of the
randomized Polish II study. Ann Oncol. 2019, 30:1298-303. 10.1093/annonc/mdz186

 

2026 Dahbi et al. Cureus 18(3): e105398. DOI 10.7759/cureus.105398 7 of 9

https://dx.doi.org/10.1016/S1470-2045(20)30555-6
https://dx.doi.org/10.1016/S1470-2045(20)30555-6
https://dx.doi.org/10.1016/S1470-2045(21)00079-6
https://dx.doi.org/10.1016/S1470-2045(21)00079-6
https://dx.doi.org/10.1200/JCO.21.01667
https://dx.doi.org/10.1200/JCO.21.01667
https://dx.doi.org/10.1093/annonc/mdz186
https://dx.doi.org/10.1093/annonc/mdz186


5. Hanahan D, Coussens LM: Accessories to the crime: functions of cells recruited to the tumor
microenvironment. Cancer Cell. 2012, 21:309-22. 10.1016/j.ccr.2012.02.022

6. Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation . Cell. 2011, 144:646-74.
10.1016/j.cell.2011.02.013

7. Quail DF, Joyce JA: Microenvironmental regulation of tumor progression and metastasis . Nat Med. 2013,
19:1423-37. 10.1038/nm.3394

8. Chandra R, Karalis JD, Liu C, et al.: The colorectal cancer tumor microenvironment and its impact on liver
and lung metastasis. Cancers (Basel). 2021, 13:6206. 10.3390/cancers13246206

9. Senthebane DA, Rowe A, Thomford NE, et al.: The role of tumor microenvironment in chemoresistance: to
survive, keep your enemies closer. Int J Mol Sci. 2017, 18:1586. 10.3390/ijms18071586

10. Nicolas AM, Pesic M, Engel E, et al.: Inflammatory fibroblasts mediate resistance to neoadjuvant therapy in
rectal cancer. Cancer Cell. 2022, 40:168-84. 10.1016/j.ccell.2022.01.004

11. Barker HE, Paget JT, Khan AA, Harrington KJ: The tumour microenvironment after radiotherapy:
mechanisms of resistance and recurrence. Nat Rev Cancer. 2015, 15:409-25. 10.1038/nrc3958

12. Yovino S, Kleinberg L, Grossman SA, Narayanan M, Ford E: The etiology of treatment-related lymphopenia
in patients with malignant gliomas: modeling radiation dose to circulating lymphocytes explains clinical
observations and suggests methods of modifying the impact of radiation on immune cells. Cancer Invest.
2013, 31:140-4. 10.3109/07357907.2012.762780

13. Cho Y, Miyamoto M, Kato K, et al.: CD4+ and CD8+ T cells cooperate to improve prognosis of patients with
esophageal squamous cell carcinoma. Cancer Res. 2003, 63:1555-9.

14. Schumacher K, Haensch W, Röefzaad C, et al.: Prognostic significance of activated CD8(+) T cell infiltrations
within esophageal carcinomas. Cancer Res. 2001, 61:3932-6.

15. Grossman SA, Ye X, Lesser G, Sloan A, Carraway H, Desideri S, Piantadosi S: Immunosuppression in patients
with high-grade gliomas treated with radiation and temozolomide. Clin Cancer Res. 2011, 17:5473-80.
10.1158/1078-0432.CCR-11-0774

16. Cho O, Oh YT, Chun M, Noh OK, Hoe JS, Kim H: Minimum absolute lymphocyte count during radiotherapy
as a new prognostic factor for nasopharyngeal cancer. Head Neck. 2016, 38:E1061-7. 10.1002/hed.24158

17. Tang C, Liao Z, Gomez D, et al.: Lymphopenia association with gross tumor volume and lung V5 and its
effects on non-small cell lung cancer patient outcomes. Int J Radiat Oncol Biol Phys. 2014, 89:1084-91.
10.1016/j.ijrobp.2014.04.025

18. Kitayama J, Yasuda K, Kawai K, Sunami E, Nagawa H: Circulating lymphocyte number has a positive
association with tumor response in neoadjuvant chemoradiotherapy for advanced rectal cancer. Radiat
Oncol. 2010, 5:47. 10.1186/1748-717X-5-47

19. Wild AT, Ye X, Ellsworth SG, et al.: The association between chemoradiation-related lymphopenia and
clinical outcomes in patients with locally advanced pancreatic adenocarcinoma. Am J Clin Oncol. 2015,
38:259-65. 10.1097/COC.0b013e3182940ff9

20. Grossman SA, Ellsworth S, Campian J, et al.: Survival in patients with severe lymphopenia following
treatment with radiation and chemotherapy for newly diagnosed solid tumors. J Natl Compr Canc Netw.
2015, 13:1225-31. 10.6004/jnccn.2015.0151

21. Lambin P, Lieverse RI, Eckert F, et al.: Lymphocyte-sparing radiotherapy: The rationale for protecting
lymphocyte-rich organs when combining radiotherapy with immunotherapy. Semin Radiat Oncol. 2020,
30:187-93. 10.1016/j.semradonc.2019.12.003

22. Schad MD, Dutta SW, Muller DM, Wijesooriya K, Showalter TN: Radiation-related lymphopenia after pelvic
nodal irradiation for prostate cancer. Adv Radiat Oncol. 2019, 4:323-30. 10.1016/j.adro.2019.01.005

23. Zhang BZ, Li Y, Xu LM, et al.: The relationship between the radiation dose of pelvic-bone marrow and
lymphocytic toxicity in concurrent chemoradiotherapy for cervical cancer. Radiat Oncol. 2023, 18:12.
10.1186/s13014-023-02205-8

24. Baré M, Poeta S, Fernandes P, et al.: Lymphocyte-sparing pelvic radiotherapy for prostate cancer: An in-
silico study. Phys Imaging Radiat Oncol. 2022, 23:127-33. 10.1016/j.phro.2022.07.006

25. Konnerth D, Gaasch A, Zinn A, et al.: Hematologic toxicity and bone marrow-sparing strategies in
chemoradiation for locally advanced cervical cancer: a systematic review. Cancers (Basel). 2024, 16:1842.
10.3390/cancers16101842

26. Paganetti H: A review on lymphocyte radiosensitivity and its impact on radiotherapy . Front Oncol. 2023,
13:1201500. 10.3389/fonc.2023.1201500

27. Corbeau A, Kuipers SC, de Boer SM, Horeweg N, Hoogeman MS, Godart J, Nout RA: Correlations between
bone marrow radiation dose and hematologic toxicity in locally advanced cervical cancer patients receiving
chemoradiation with cisplatin: a systematic review. Radiother Oncol. 2021, 164:128-37.
10.1016/j.radonc.2021.09.009

28. Kuncman Ł, Stawiski K, Masłowski M, Kucharz J, Fijuth J: Dose-volume parameters of MRI-based active
bone marrow predict hematologic toxicity of chemoradiotherapy for rectal cancer. Strahlenther Onkol. 2020,
196:998-1005. 10.1007/s00066-020-01659-z

29. Dworak O, Keilholz L, Hoffmann A: Pathological features of rectal cancer after preoperative
radiochemotherapy. Int J Colorectal Dis. 1997, 12:19-23. 10.1007/s003840050072

30. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0 . (2017). Accessed: 2026:
https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events/ctcae-v5-5x7.pdf.

31. TNM Classification of Malignant Tumours. (2024). Accessed: 2026: https://www.uicc.org/resources/tnm-
classification-malignant-tumours-8th-edition.

32. Myerson RJ, Garofalo MC, El Naqa I, et al.: Elective clinical target volumes for conformal therapy in
anorectal cancer: a radiation therapy oncology group consensus panel contouring atlas. Int J Radiat Oncol
Biol Phys. 2009, 74:824-30. 10.1016/j.ijrobp.2008.08.070

33. Pavarini M, Alborghetti L, Aimonetto S, et al.: Pelvic bone marrow dose-volume predictors of late
lymphopenia following pelvic lymph node radiation therapy for prostate cancer. Radiother Oncol. 2024,
195:110230. 10.1016/j.radonc.2024.110230

34. Kumar T, Schernberg A, Busato F, et al.: Correlation between pelvic bone marrow radiation dose and acute

 

2026 Dahbi et al. Cureus 18(3): e105398. DOI 10.7759/cureus.105398 8 of 9

https://dx.doi.org/10.1016/j.ccr.2012.02.022
https://dx.doi.org/10.1016/j.ccr.2012.02.022
https://dx.doi.org/10.1016/j.cell.2011.02.013
https://dx.doi.org/10.1016/j.cell.2011.02.013
https://dx.doi.org/10.1038/nm.3394
https://dx.doi.org/10.1038/nm.3394
https://dx.doi.org/10.3390/cancers13246206
https://dx.doi.org/10.3390/cancers13246206
https://dx.doi.org/10.3390/ijms18071586
https://dx.doi.org/10.3390/ijms18071586
https://dx.doi.org/10.1016/j.ccell.2022.01.004
https://dx.doi.org/10.1016/j.ccell.2022.01.004
https://dx.doi.org/10.1038/nrc3958
https://dx.doi.org/10.1038/nrc3958
https://dx.doi.org/10.3109/07357907.2012.762780
https://dx.doi.org/10.3109/07357907.2012.762780
https://aacrjournals.org/cancerres/article/63/7/1555/511037/CD4-and-CD8-T-Cells-Cooperate-to-Improve-Prognosis?utm_medium=email&utm_source=transaction
https://aacrjournals.org/cancerres/article/61/10/3932/507444/Prognostic-Significance-of-Activated-CD8-T-Cell?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1158/1078-0432.CCR-11-0774
https://dx.doi.org/10.1158/1078-0432.CCR-11-0774
https://dx.doi.org/10.1002/hed.24158
https://dx.doi.org/10.1002/hed.24158
https://dx.doi.org/10.1016/j.ijrobp.2014.04.025
https://dx.doi.org/10.1016/j.ijrobp.2014.04.025
https://dx.doi.org/10.1186/1748-717X-5-47
https://dx.doi.org/10.1186/1748-717X-5-47
https://dx.doi.org/10.1097/COC.0b013e3182940ff9
https://dx.doi.org/10.1097/COC.0b013e3182940ff9
https://dx.doi.org/10.6004/jnccn.2015.0151
https://dx.doi.org/10.6004/jnccn.2015.0151
https://dx.doi.org/10.1016/j.semradonc.2019.12.003
https://dx.doi.org/10.1016/j.semradonc.2019.12.003
https://dx.doi.org/10.1016/j.adro.2019.01.005
https://dx.doi.org/10.1016/j.adro.2019.01.005
https://dx.doi.org/10.1186/s13014-023-02205-8
https://dx.doi.org/10.1186/s13014-023-02205-8
https://dx.doi.org/10.1016/j.phro.2022.07.006
https://dx.doi.org/10.1016/j.phro.2022.07.006
https://dx.doi.org/10.3390/cancers16101842
https://dx.doi.org/10.3390/cancers16101842
https://dx.doi.org/10.3389/fonc.2023.1201500
https://dx.doi.org/10.3389/fonc.2023.1201500
https://dx.doi.org/10.1016/j.radonc.2021.09.009
https://dx.doi.org/10.1016/j.radonc.2021.09.009
https://dx.doi.org/10.1007/s00066-020-01659-z
https://dx.doi.org/10.1007/s00066-020-01659-z
https://dx.doi.org/10.1007/s003840050072
https://dx.doi.org/10.1007/s003840050072
https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events/ctcae-v5-5x7.pdf
https://dctd.cancer.gov/research/ctep-trials/for-sites/adverse-events/ctcae-v5-5x7.pdf
https://www.uicc.org/resources/tnm-classification-malignant-tumours-8th-edition
https://www.uicc.org/resources/tnm-classification-malignant-tumours-8th-edition
https://dx.doi.org/10.1016/j.ijrobp.2008.08.070
https://dx.doi.org/10.1016/j.ijrobp.2008.08.070
https://dx.doi.org/10.1016/j.radonc.2024.110230
https://dx.doi.org/10.1016/j.radonc.2024.110230
https://dx.doi.org/10.2147/CMAR.S195989


hematological toxicity in cervical cancer patients treated with concurrent chemoradiation. Cancer Manag
Res. 2019, 11:6285-97. 10.2147/CMAR.S195989

35. Zhang Y, Chen X, Wang X, Chen J, Du C, Wang J, Liao W: Insights into ionizing radiation-induced bone
marrow hematopoietic stem cell injury. Stem Cell Res Ther. 2024, 15:222. 10.1186/s13287-024-03853-7

36. Kapoor V, Collins A, Griffith K, et al.: Radiation induces iatrogenic immunosuppression by indirectly
affecting hematopoiesis in bone marrow. Oncotarget. 2020, 11:1681-90. 10.18632/oncotarget.27564

37. Gwin K, Frank E, Bossou A, Medina KL: Hoxa9 regulates Flt3 in lymphohematopoietic progenitors . J
Immunol. 2010, 185:6572-83. 10.4049/jimmunol.0904203

38. Drouet M, Mourcin F, Grenier N, Mayol JF, Leroux V, Hérodin F, Sotto JJ: The effects of ionizing radiation on
stem cells and hematopoietic progenitors: the place of apoptosis and the therapeutic potential of anti-
apoptosis treatments (Article in French). Can J Physiol Pharmacol. 2002, 80:700-9. 10.1139/y02-071

39. Swanson GP, Hammonds K, Jhavar S: Lymphocyte response and recovery to radiation therapy alone . Ann
Blood. 2023, 8:10.21037/aob-21-74

40. Huang B, Lv J, Xiong J, et al.: The Influence of Pelvic Bone Dose-volume Parameters on Bone Marrow
Suppression During Radiation Therapy in Patients With Stage I to III Rectal Cancer Based on Real-world
Data. Adv Radiat Oncol. 2025, 10:101662. 10.1016/j.adro.2024.101662

41. Baik HJ, An MS, Park JS, Choi Y: Poor prognostic effects of lymphocytopenia induced by preoperative
chemoradiotherapy in rectal cancer. Asian Pac J Cancer Prev. 2024, 25:3799-805.
10.31557/APJCP.2024.25.11.3799

42. Yue H, Geng J, Gong L, et al.: Radiation hematologic toxicity prediction for locally advanced rectal cancer
using dosimetric and radiomics features. Med Phys. 2023, 50:4993-5001. 10.1002/mp.16308

 

2026 Dahbi et al. Cureus 18(3): e105398. DOI 10.7759/cureus.105398 9 of 9

https://dx.doi.org/10.2147/CMAR.S195989
https://dx.doi.org/10.1186/s13287-024-03853-7
https://dx.doi.org/10.1186/s13287-024-03853-7
https://dx.doi.org/10.18632/oncotarget.27564
https://dx.doi.org/10.18632/oncotarget.27564
https://dx.doi.org/10.4049/jimmunol.0904203
https://dx.doi.org/10.4049/jimmunol.0904203
https://dx.doi.org/10.1139/y02-071
https://dx.doi.org/10.1139/y02-071
https://dx.doi.org/10.21037/aob-21-74
https://dx.doi.org/10.21037/aob-21-74
https://dx.doi.org/10.1016/j.adro.2024.101662
https://dx.doi.org/10.1016/j.adro.2024.101662
https://dx.doi.org/10.31557/APJCP.2024.25.11.3799
https://dx.doi.org/10.31557/APJCP.2024.25.11.3799
https://dx.doi.org/10.1002/mp.16308
https://dx.doi.org/10.1002/mp.16308

	How Does Lymphocyte Depletion Affect Rectal Cancer Radiotherapy Outcomes?
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Aims

	Materials And Methods
	Study design and population
	Study protocol and data collection
	Radiotherapy dosimetric assessment
	Biological data collection
	Statistical analysis

	Results
	TABLE 1: Baseline clinical and tumor characteristics of the study population
	TABLE 2: Comparison of dosimetric parameters between low-density and active bone marrow volumes
	FIGURE 1: Impact of Δ-lymphopenia on progression-free survival / analysis of progression-free survival in patients according to variations in lymphocyte levels (Δ lymphopenia) observed throughout the treatment course, highlighting the impact of immune status on disease control
	TABLE 3: Univariate and multivariate analysis of factors associated with tumor regression grade (TRG) in rectal cancer patients

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


