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Background: This study aimed to investigate radiation-induced lymphopenia and its potential risk factors 
in patients with breast cancer receiving adjuvant radiotherapy. 
Methods: Breast cancer patients received adjuvant radiotherapy (RT) at our hospital with peripheral 
lymphocyte counts (PLC) at pre-and immediately after RT (post-RT) were eligible. The primary endpoints 
were any grade of lymphopenia post-RT and nadir-PLC/pre-PLC <0.8. Patient characteristics, tumor 
factors, and treatment factors were collected for risk assessment. Data are presented as mean and 95% 
confidence interval (CI) unless otherwise specified. Matched analysis was used to compare the statistical 
significance between different RT techniques.
Results: A total of 735 consecutive patients met the study criteria. The mean PLC was 1.58×109/L before 
and 0.99×109/L post-RT (P<0.001). At the end of RT, 60.5% of patients had lymphopenia. Univariate 
and multivariable logistic analyses showed that RT technique involving RapidArc, mean lung dose, and 
chemotherapy were significant risk factors (P<0.05) for lymphopenia. RT technique was the only significant 
risk factor (P<0.05) for nadir-PLC/pre-PLC <0.8. Patients treated with RapidArc had a significantly greater 
reduction of PLC along with greater V5 of the lungs, even after matching mean lung dose and radiated 
volume.
Conclusions: Lymphopenia is common in patients with breast cancer after adjuvant RT. RT technique is 
the only significant factor for lymphopenia and nadir-PLC/pre-PLC <0.8, suggesting the significance of RT 
technique choice to minimize lymphopenia and improve treatment outcomes.
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Introduction

According to the 2018 global cancer statistics report, breast 
cancer is the most common cancer in women and the 
world's second most common cancer (11.6%) after lung 
cancer (1). Radiotherapy (RT) plays an important role in 
breast cancer treatment by reducing local tumor failure  
(2-4). At the same time, RT damages normal tissues including 
part of the immune system, subsequently results in impaired 
immune function and negatively impacts survival (5). 

Baseline immune status is an important predictor 
for poor prognosis. Lymphopenia, or low peripheral 
lymphocyte count (PLC), predicts poor survival in 
patients with metastatic breast cancer (6,7). In a cohort of  
1,463 patients, Afghahi et al. also revealed that sufficiently 
higher PLC at diagnosis predicted lower mortality in early-
stage triple-negative breast cancer (8).

Emerging evidence showing radiat ion-induced 
lymphopenia (RIL) or PLC-related parameters are associated 
with poor survival outcomes in several solid tumors  
(9-14). Cho et al. reported RIL was a potential predictor 
for ipsilateral breast tumor recurrence in 216 patients with 
early breast cancer treated with breast-conserving therapy  
(BCT) (15).  Most recently, a post hoc analysis of  
598 patients from a phase III randomized clinical trial 
reported significantly inferior 5-year disease-free survival 
in patients with a nadir-PLC/pre-PLC ratio <0.8 in breast 
cancer patients treated with mastectomy followed by adjuvant  
RT (16). Another study reported that higher PLC was 
correlated with a higher treatment response rate in solid 
tumor patients who received checkpoint inhibitors (17). 

However, it is unclear what the risk factors associated 
with RIL are. The above-mentioned phase III study 
reported potential risks, including a limited number of 
factors such as low body mass index (BMI), right-sided 
tumors, and the use of neoadjuvant chemotherapy (16). 
This study involved a larger patient cohort and aimed to 
investigate the risk factors for RIL, focusing on treatment-
related risk factors, including radiation dosimetric factors 
and radiotherapy techniques.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2150).

Methods

Study population 

All patients with breast cancer who had received adjuvant 

RT between March 2015 to February 2020 at the 
University of Hong Kong-Shenzhen Hospital formed the 
original study population. Other eligibility criteria included: 
pathology-confirmed invasive breast cancer, aged 18 years 
and above, and PLCs within 7 days before the start of RT 
(pre-RT) and 7 days from the completion of RT (post-
RT) at this same hospital. Exclusion criteria were patients 
received RT for non-invasive breast cancer (stage 0), 
stage IV, or recurrent breast cancer; breast lymphoma; 
and patients with immune-related diseases. Breast cancer 
patients who underwent surgery and/or chemotherapy in 
other hospitals were eligible if they received radiation at 
this hospital. 

Complete blood counts (CBC) with the inclusion of 
lymphocyte counts were tested per hospital standard 
practice within 7 days before, during, and at the end of RT, 
as well as 1–3 months after RT. Radiotherapy techniques 
employed included the 2 fields tangential opposing 
technique (2D-field), 3-D conformal technique (3DCRT), 
and RapidArc (Varian Medical Systems, Palo Alto, CA, 
USA). CT scans from the skull base to the level of the 
first lumbar vertebra were obtained for all patients in this 
study. The 2D-field technique was employed on patients 
who needed irradiation for the breast only, following 
BCT. 3DCRT was employed on patients who needed 
irradiation of the breast or chest wall and supraclavicular 
(SCF) lymph node and/or axillary fossa and excluded the 
internal mammary node (IMN). IMN irradiation was 
applied in patients with invasive breast cancer with N3 
or N2 diseases with centrally or medially located primary 
tumors. RapidArc, a volume modulated arc therapy 
(VMAT) technique, was employed on patients who needed 
irradiation of the IMN. The clinical target volume of this 
RT included the breast or chest wall and the locoregional 
lymphatics, which were treated using 2 partial arcs. For the 
left breast, 2 arcs from ~160° to 300° were used (1 arc was 
clockwise, the other counterclockwise). For the right breast, 
2 arcs from ~200° to 60° were used (1 arc was clockwise, the 
other counterclockwise). Dose limits to the organs at risk 
included the following: V5 of ipsilateral lung 65/70, V10 
of ipsilateral lung 50/60, V20 of ipsilateral lung 30/35, and 
mean heart dose 4 Gy.

Data collection

The following variables were collected retrospectively: 
(I) patient factors including age and menstrual status; (II) 
tumor factors including tumor laterality, clinical TNM 

https://dx.doi.org/10.21037/atm-21-2150
https://dx.doi.org/10.21037/atm-21-2150


Annals of Translational Medicine, Vol 9, No 16 August 2021 Page 3 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1288 | https://dx.doi.org/10.21037/atm-21-2150

stage, and ER/PR/HER-2 subtype; (III) non-radiation 
treatment factors, including surgical approach, prior 
chemotherapy, chemotherapy regimen, endocrine therapy, 
and anti-HER2 target therapy; (IV) radiation factors, 
including RT technique, number of treatment fields, 
fractionation, mean heart dose, mean dose of ipsilateral/
bilateral lungs, and total treatment volume; and (V) PLC, 
granulocytes, monocytes, hemoglobin, and platelets in 
CBC. Nadir-PLC was defined as the lowest PLC, and pre-
PLC was defined as PLC within 1 week before the start of 
RT. Grade 1, 2, 3, and 4 lymphopenias were defined using 
PLC cut-off of LLN (lower limits of normal)−0.8×109, 
(0.8–0.5)×109, (0.5–0.2)×109, and 0.2×109/L, respectively, 
following the Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0. Lymphopenia was defined 
using PLC cut-off of LLN, which was 1.06×109/L in our 
institution. Additionally, the relative value of nadir-PLC/
pre-PLC <0.8 was also considered radiation-induced 
lymphopenia as it was associated with inferior 5-year 
disease-free survival (DFS) in a study by Sun et al. (16).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the ethics committee of the University 
of Hong Kong-Shenzhen Hospital (# 2019 098), and 
individual consent for this retrospective analysis was waived.

Statistical analysis

The primary endpoints of the study were: (I) lymphopenia 
post-RT, which was assessed within 7 days from the end 
of RT, defined as above by CTCAE; and (II) nadir-PLC/
pre-PLC, which was defined as the ratio of lowest PLC 
during radiation and PLC before radiation. The predictive 
variables of interest include patient factors such as age 
and menopausal status, tumor features such as stage and 
ER/PR/HER-2 subtype, as well as treatment-related 
parameters such as chemotherapy, surgical approach, and 
radiation dosimetric factors. The effects of potential risk 
factors were estimated using univariate logistic analysis 
initially. To avoid the unstable and inaccurate estimates 
of the coefficients, multicollinearity was tested, and those 
that were significant in univariate analysis were further 
evaluated using a linear cross-correlation matrix. Pearson’s 
coefficient was used to evaluate the association between 
continuous variables. The Spearman correlation was used 
to evaluate the association between categorical variables. 
Some highly correlated dosimetric variables, such as mean 
heart dose, were excluded in the final multivariable logistic 

regression due to multicollinearity. Data are presented 
as mean [95% confidence interval (CI)] unless otherwise 
specified. Paired t-test was used to examine the difference in 
continuous measurement pre- and post-radiation therapy. 
P values less than 0.05 were considered to be statistically 
significant. Patients treated with RapidArc were more likely 
to have a greater volume of irradiated lung and treatment 
volume, and thus, matched analysis with mean lung dose 
and radiation treatment volume was performed to evaluate 
the influence of RapidArc versus 3DCRT for a more 
balanced comparison. The match analysis matched specific 
variables (such as mean lung dose) by pairing each patient 
in the RapidArc group with a patient in the 3DCRT group 
who had the smallest difference in terms of the variables. 
Several pairs of patients with similar specific variables were 
identified, and thus other variables could be compared 
without the interference of the specific variables. 

Results

Characteristics of the patient, tumor, and prior systemic 
treatments

Between March 2015 to February 2020, a total of 735 patients 
met the study criteria (Figure 1). Table 1 lists the patient's 
characteristics, tumor, pre-radiation treatment factors at 
baseline, and radiation dosimetric factors. The median age of 
patients was 42 years, with the majority being premenopausal 
(75.5%). A total of 456 patients (62.3%) received regional 
nodal RT, and the remaining 37.7% of patients received 
breast RT alone for BCT. A total of 666 patients (90.6%) 
received chemotherapy before adjuvant RT, and 24.4% 
of patients received anti-HER2 target therapy before and 
concurrent with adjuvant RT. The majority of patients 
received RT by 2D-field technique or 3DCRT, while 16.7% 
of patients received RT by RapidArc. The vast majority 
of patients (90.5%) received hypofractionated irradiation  
(40.05 Gy in 15 fractions in 3 weeks).

PLC at the beginning and post-RT

As shown in Table 2, prior to RT commencement, the mean 
PLC was 1.58×109/L (95% CI: 1.54×109–1.62×109/L) and 
14.3% (105/735, 95% CI: 14.2–14.3%) of patients had 
CTCAE-defined lymphopenia: 11.4%, 2.5%, 0.4%, and 0% 
for grade 1, 2, 3, and 4, respectively. 

After commencement of RT, the mean PLC was 
0.99×109/L (95% CI: 0.96×109–1.01×109/L), which was 
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1559 patients with breast cancer received adjuvant 
radiation in HKU-SZH from March 2015 to

February 2020

2 breast lymphoma 
patients excluded

232 patients with stage 0 excluded

77 patients with stage IV(bone) or 
local recurrant breast cancer 

excluded

1248 patients with invasive breast cancers 
received adjuvant radiation

 513 patients without CBC result of 
pre-RT and post-RT in HKU-SZH 

excluded

735 patients with both pre- and post-RT CBCs
 were included in this study

Figure 1 Study population profile. As shown, 1,559 patients with 
breast cancer received adjuvant radiotherapy (RT) between March 
2015 to February 2020 at the University of Hong Kong-Shenzhen 
Hospital, and a total of 735 patients met the study criteria for 
inclusion.

Table 1 Patient characteristics at baseline (N=735)

Patient characteristics No. of patients (%)

Age

Median (range), year 45 (26–86)

Menopausal status

Premenopausal 555 (75.5)

Postmenopausal 180 (24.5)

Tumor laterality

Left 371 (50.5)

Right 363 (49.4)

Bilateral 1 (0.1)

Modified N stage†

N0 290 (39.5)

N+ 445 (60.5)

Modified stage‡

I (IA/IB) 193 (26.2)

II (IIA/IIB) 332 (45.2)

III (IIIA/IIIB/IIIC) 210 (28.6)

Table 1 (continued)

Table 1 (continued)

Patient characteristics No. of patients (%)

Immunohistochemistry subgroup

HR+/HER2− 436 (59.3)

HER2+/HR− 77 (10.5)

HER2+/HR+ 108 (14.7)

HR−/HER2− 114 (15.5)

Surgical approaches

Breast conserving therapy (BCT) 373 (50.7)

Mastectomy 362 (49.3)

Sentinel lymph node biopsy (SLNB) 265 (36.1)

Axillary lymph node dissection (ALND) 470 (63.9)

Chemotherapy strategy

None 69 (9.4)

Neoadjuvant 131 (17.8)

Adjuvant 513 (69.8)

Neoadjuvant + adjuvant 22 (3.0)

Chemotherapy regimens

None 69 (9.4)

Anthracycline 17 (2.3)

Taxane 183 (24.9)

Anthracycline + taxane 464 (63.1)

Others 2 (0.3)

Anti-HER2 therapy

None 556 (75.6)

Yes 179 (24.4)

Endocrine therapy

None 186 (25.3)

Yes 549 (74.7)

Radiotherapy technique

RapidArc 123 (16.7)

2D-fields 277 (37.7)

3DCRT 335 (45.6)

Table 1 (continued)
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significantly reduced compared to pre-RT (P<0.001) 
(Table 2). There were also significant reductions in other 
peripheral blood cells, including total white cell counts 
(WBC), neutrophil, platelet, and monocyte counts 
(P<0.001), excluding hemoglobin. The reduction of PLC 
was most remarkable and at the lowest PLC (nadir-PLC) 
near the end of radiation (Figure 2). All patients had pre-
and post-RT data. At post-RT, 60.5% (445/735, 95% CI: 
60.4–60.6%) of patients had lymphopenia, with 30.7%, 
23.4%, 6.1%, and 0.3% for grade 1, 2, 3, and 4, respectively 
(Table 2). 92.7% of patients had some degree of reduction 

in PLC, and 77.8% had nadir-PLC/pre-PLC <0.8. Of the 
171 (23.2%) patients for whom data was available for PLC 
1–3 months after radiation in our hospital, 24% (41/171) 
had persistent lymphopenia. Like PLC post-RT, PLC  
1–3 months after RT was significantly lower than PLC pre-
RT (P<0.001) (Figure 2).

Risk factors of radiation-induced lymphopenia

Results of univariate and multivariable logistic analyses 
are shown in Tables 3,4. The post-RT lymphopenia was 
significantly correlated with many factors, including 
tumor laterality, N stage, surgical approach, chemotherapy 
treatment, mean heart dose, mean ipsilateral and bilateral 
lung dose, mean integral dose of the total body, number of 
RT fields, RT fractionation schema, and RT volume (all 
P<0.05). Whereas age, menopausal status, ER/PR/HER−2 
subgroup, endocrine therapy, and target therapy were not 
significant. The highly correlated dosimetric variables 
such as mean heart dose, chemotherapy regimen, and 
modified N stage were not included in the final multivariate 
logistic regression. Under multivariable analysis, only RT 
technique, mean lung dose, and chemotherapy treatment 
remained significant, while RT fractionation schema and 
the breast surgical approach did not. For nadir-PLC/pre-
PLC <0.8, surgical approach and RT factors including RT 
technique, number of fields, mean ipsilateral and bilateral 
lung doses, and RT fractionation schema were significant 
factors, while chemotherapy treatment, age, menopausal 
status, tumor laterality, ER/PR/HER-2 subgroup, use 
of endocrine, and anti-HER2 therapy were not. Further 
multivariable logistic analyses showed radiotherapy 
technique was the only significant risk factor, while RT 
fractionation schema, mean lung dose, and the breast 
surgical approach was not. Radiotherapy technique was 
the only independent significant factor for both post-RT 
lymphopenia and nadir-PLC/pre-PLC <0.8. 

Radiation-induced lymphopenia and RT technique

To understand the effect of the RT technique, additional 
analysis was performed in patients treated for the local-
regional disease. Patients with 2-field RT were excluded 
from this analysis as their treatment volumes were 
remarkably different from this group. Patients treated 
with RapidArc had significantly greater PLC reduction 

Table 1 (continued)

Patient characteristics No. of patients (%)

RT fields

Tangential breast only 277 (37.7)

Breast/chest wall + SCF 322 (43.8)

Breast/chest wall + SCF + IMN 123 (16.7)

Breast/chest wall + SCF + Axillary 13 (1.8)

RT dose and fractions

40.5 Gy/15 fx 665 (90.5)

50 Gy/25 fx 61 (8.3)

50–60 Gy/25 fx 9 (1.2)

Use of RPM

None 721 (98.1)

Yes 14 (1.9)

Treatment volume (95% CI), cc 1,690.8  
(1,652.2, 1,729.4)

Mean heart dose (95% CI), Gy 2.4 (2.2–2.5)

Integral dose of the total body (95% CI), Gy 4.4 (4.3–4.5)

Mean dose of ipsilateral lung (95% CI), Gy 10.1 (9.8–10.3)

Mean dose of bilateral lungs (95% CI), Gy 5.5 (5.3–5.6)
† Modified N stage: the higher N stage between clinic N stage 
and yp N stage for patients who had received neoadjuvant 
chemotherapy; ‡ modified stage: the higher stage between clinic 
stage and yp stage for patients who had received neoadjuvant 
chemotherapy. RT, radiotherapy; N, lymph nodes; BCT, breast-
conserving therapy; SLNB, sentinel lymph node biopsy; ALND, 
axillary lymph node dissection; SCF, supraclavicular lymph 
nodes; IMN, internal mammary nodal; fx, fraction; RPM, real-
time position management.
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Table 2 Complete blood counts (CBC) at the beginning and post-RT

Blood testing parameter Pre-RT Post-RT P value*

Mean PLC (95% CI), 109/L 1.58 (1.54–1.62) 0.99 (0.96–1.01) <0.001

Lymphocyte percent (LYM/WBC) (95% CI), % 29.7 (29.1–30.4) 23.2 (22.7–23.7) <0.001

Mean neutrophil (95% CI), 109/L 3.63 (3.46–3.80) 2.96 (2.88–3.05) <0.001

Mean WBC (95% CI), 109/L 5.69 (5.50–5.88) 4.38 (4.29–4.48) <0.001

Mean monocyte (95% CI), 109/L 0.35 (0.33–0.36) 0.29 (0.29–0.30) <0.001

Mean hemoglobin (95% CI), g/L 117.7 (116.8–118.6) 122.6 (121.8–123.5) <0.001

Mean platelet (95% CI), 1012/L 239 (235–244) 196 (192–199) <0.001

Lymphopenia, n (%) 105 (14.3) 445 (60.5) <0.001

Grade 1 84 (11.4) 226 (30.7)

Grade 2 18 (2.5) 172 (23.4)

Grade 3 3 (0.4) 45 (6.1)

Grade 4 0 2 (0.3)

*, P values were assessed by matched t-test.

Figure 2 Change of different blood counts during radiotherapy (RT). The figure shows the dynamics of (A) total white blood cell (WBC), (B) 
neutrophil, (C) monocyte, (D) lymphocyte, and (E) platelet counts; and (F) hemoglobin before, during, and after radiation (pre-RT, during-
RT, immediately post-RT, and 1–3 months after RT). There were significant reductions in the level of peripheral lymphocyte counts (PLC), 
total white blood cell, neutrophil, platelet, and monocyte counts (P<0.001), while hemoglobin increased. The reduction of PLC was the 
most obvious among these peripheral blood cells in complete blood counts (CBC) after radiation. The lowest PLC (nadir-PLC) was at the 
end of radiation (post-RT).

20

15

10

5

0

30

20

10

0

2

1

0

P<0.001
P<0.001

P<0.001
P<0.001

P<0.001

P<0.001

Pre-
RT

Durin
g-R

T

Post-
RT

1-3
m P

ost-
RT

WBC

Pre-
RT

Durin
g-R

T

Post-
RT

1-3
m P

ost-
RT

Neutrophil

Pre-
RT

Durin
g-R

T

Post-
RT

1-3
m P

ost-
RT

Monocyte

Pre-
RT

Durin
g-R

T

Post-
RT

1-3
m P

ost-
RT

Lymphocyte

Pre-
RT

Durin
g-R

T

Post-
RT

1-3
m P

ost-
RT

Platelet

Pre-
RT

Durin
g-R

T

Post-
RT

1-3
m P

ost-
RT

Hemoglobin

P<0.001

P<0.001
P<0.001

P<0.001

P<0.001
P<0.001

5

4

3

2

1

0

500

400

300

200

100

0

180

120

60

0

P
er

ip
he

ra
l L

ym
ph

oc
yt

e 
C

ou
nt

s 
(×

10
9 /L

)

P
la

te
le

t C
ou

nt
s 

(×
10

9 /L
)

H
em

og
lo

bi
n 

(g
/L

)
M

on
oc

yt
e 

C
ou

nt
s 

(×
10

9 /L
)

N
eu

tr
op

hi
l C

ou
nt

s 
(×

10
9 /L

)

W
B

C
 C

ou
nt

s 
(×

10
9 /L

)

A B C

D E F



Annals of Translational Medicine, Vol 9, No 16 August 2021 Page 7 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1288 | https://dx.doi.org/10.21037/atm-21-2150

Table 3 Univariate logistic analysis of lymphopenia post-RT and nadir-PLC/pre-PLC <0.8

Clinical characteristic factor No. of patients (%)
Lymphopenia post-RT Nadir-PLC/pre-PLC <0.8

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age 735 (100.0) 0.99 (0.97, 1.00) 0.08 1.01 (0.99, 1.03) 0.22

Menopausal status 0.16 0.07

Premenopausal 555 (75.5) 1 1

Postmenopausal 180 (24.5) 0.78 (0.55, 1.10) 1.49 (0.97, 2.32)

Tumor laterality 

Left breast 371 (54.5) 1 1

Right breast 363 (49.4) 1.38 (1.02, 1.85) 0.04 1.25 (0.88, 1.78) 0.21

Bilateral breasts 1 (0.1) NA‡ NA‡ NA‡ NA‡

Modified N stage <0.001 <0.001

N0 290 (39.5) 1 1

N+ 445 (60.5) 3.21 (2.36, 4.39) 3.14 (2.20, 4.52)

Immunohistochemistry subgroup

HR+/HER2− 436 (59.3) 1 1

HER2+/HR− 77 (10.5) 1.03 (0.63, 1.71) 0.91 0.87 (0.50, 1.57) 0.64

HER2+/HR+ 108 (14.7) 0.96 (0.64, 1.48) 0.84 1.26 (0.75, 2.20) 0.4

HR−/HER2− 114 (15.5) 1.09 (0.71, 1.67) 0.7 0.97 (0.60, 1.61) 0.9

Surgical approaches

Breast conserving therapy (BCT) 373 (50.7) 1 1

Mastectomy 362 (49.3) 2.30 (1.70, 3.12) <0.001 2.25 (1.57, 3.25) <0.001

Sentinel lymph node biopsy (SLNB) 265 (36.1) 1 1

Axillary lymph node dissection (ALND) 470 (63.9) 3.32 (2.43, 4.56) <0.001 3.25 (2.27, 4.67) <0.001

Pre-RT lymphocyte counts 735 (100.0) 0.15 (0.11, 0.22) <0.001 – –

Chemotherapy <0.001 0.9

None 69 (9.4) 1 1

Yes 666 (90.6) 3.81 (2.28, 6.58) 0.96 (0.51, 1.71)

Chemotherapy regimens

None 69 (9.4) 1 1

Anthracycline 17 (2.3) 6.86 (2.12, 26.86) 0.002 0.76 (0.23, 3.05) 0.68

Taxane 183 (24.9) 1.95 (1.09, 3.56) 0.26 0.54 (0.27, 1.02) 0.07

Anthracycline+taxane 464 (63.1) 5.37 (3.14, 9.48) <0.001 1.14 (0.58, 2.09) 0.69

Others 2 (0.3) NA‡ NA‡ NA‡ NA‡

Table 3 (continued)
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Table 3 (continued)

Clinical characteristic factor No. of patients (%)
Lymphopenia post-RT Nadir-PLC/pre-PLC <0.8

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Chemotherapy strategy

None 69 (9.4) 1

Neoadjuvant 131 (17.8) 7.35 (3.89, 14.30) <0.001 4.83 (1.93, 13.27) 0.001

Adjuvant 513 (69.8) 3.29 (1.95, 5.72) <0.001 0.76 (0.40, 1.36) 0.38

Neoadjuvant + adjuvant 22 (3.0) 3.82 (1.43, 10.85) 0.01 0.93 (0.31, 3.18) 0.90

Anti-HER2 therapy 0.91 0.76

None 556 (75.6) 1 1

Yes 179 (24.4) 1.02 (0.72, 1.44) 1.07 (0.71, 1.62)

Endocrine therapy 0.7 0.43

None 186 (25.3) 1 1

Yes 549 (74.7) 0.94 (0.66, 1.32) 1.17 (0.79, 1.72)

Radiotherapy technique

RapidArc 123 (16.7) 1 1

2D-fields 277 (37.7) 0.04 (0.02, 0.09) <0.001 0.03 (0.01, 0.09) <0.001

3DCRT 335 (45.6) 0.11 (0.05, 0.22) <0.001 0.08 (0.01, 0.26) <0.001

RT fields <0.001 <0.001

Breast 277 (37.7) 1 1

Breast/chest wall + regional LNs† 458 (62.3) 3.64 (2.67, 5.00) 3.80 (2.65, 5.50)

RT dose (Gy)

40.5 665 (90.5) 1 1

50 61 (8.3) 2.64 (1.44, 5.16) 0.003 2.00 (0.98, 4.63) 0.08

50–60 9 (1.2) NA‡ NA‡ NA‡ NA‡

RT fractions <0.001 0.03

15 fx 665 (90.5) 1 1

25 fx 70 (9.5) 3.13 (1.73, 6.07) 2.34 (1.16, 5.38)

Use of RPM 0.07 0.49

None 721 (98.1) 1 1

Yes 14 (1.9) 3.99 (1.08, 25.77) 1.71 (0.46, 11.07)

Treatment volume, cc 735 (100.0) 1.001 (1.001, 1.002) <0.001 1.002 (1.001, 1.002) <0.001

Mean heart dose, Gy 735 (100.0) 1.24 (1.15, 1.35) <0.001 1.25 (1.13, 1.39) <0.001

Integral dose of the total body, Gy 735 (100.0) 1.99 (1.73, 2.32) <0.001 2.03 (1.69, 2.48) <0.001

Mean dose of bilateral lungs, Gy 735 (100.0) 1.51 (1.39, 1.66) <0.001 1.46 (1.32, 1.62) <0.001
†Regional LNs: include supraclavicular, axillary levels I–III, and internal mammary nodal; NA‡: sample was too small to analyze. RT, 
radiotherapy; N, lymph nodes; BCT, breast-conserving therapy; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; 
fx, fraction; RPM, real-time position management.
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Table 4 Multivariable regression analysis of risk factors for lymphopenia post-RT and nadir-PLC/pre-PLC <0.8

Clinic characteristic factor No. of patients (%)
Lymphopenia post-RT Nadir-PLC/pre-PLC <0.8

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Surgical approaches 0.23 0.18

Breast conserving therapy 373 (50.7) 1 1

Mastectomy 362 (49.3) 0.76 (0.48, 1.19) 0.68 (0.39, 1.18)

Chemotherapy 0.005

None 69 (9.4) 1 – –

Yes 666 (90.6) 2.31 (1.30, 4.24) – –

Radiotherapy technique

RapidArc 123 (16.7) 1 1

2D-field 277 (37.7) 0.12 (0.04, 0.36) <0.001 0.04 (0.01, 0.19) <0.001

3DCRT 335 (45.6) 0.20 (0.08, 0.45) <0.001 0.11 (0.02, 0.42) 0.005

RT fractions 0.41 0.98

15 fx 665 (90.5) 1 1

25 fx 70 (9.5) 1.34 (0.68, 2.80) 1.01 (0.45, 2.49)

Mean dose of bilateral lungs, Gy 735 (100.0) 1.23 (1.07, 1.42) 0.003 1.13 (0.97, 1.34) 0.13

than 3DCRT, while WBC, neutrophil, and monocyte 
counts were not significantly different between these  
two groups (Figure 3). There was no significant difference 
in age or prior chemotherapy between these 2 groups. 
Most patients received chemotherapy before RT (96.7% 
in the RapidArc group and 98.8% in the 3DCRT group). 
Hypofractionated irradiation was employed in 78% of 
patients in the RapidArc group and 88% in the 3DCRT 
group. RT treatment volumes and mean lung doses, and 
fractionation were significant factors for RIL, and thus 
analysis with matches for these factors was performed. This 
demonstrated that the RapidArc group had greater RIL 
(lower post-RT lymphocyte and lower nadir-PLC/pre-PLC 
ratio) than 3DCRT (P<0.05). In these matched groups, 
patients treated with RapidArc still had greater PLC 
reduction, along with significantly lower V20s and higher 
V5s of the lungs (Figure 4).

Discussion

Our study of 735 patients with invasive breast cancer 
demonstrated a significant risk of lymphopenia after 
adjuvant RT. At the end of RT, 60.5% of patients had 
CTCAE-defined lymphopenia, 92.7% of patients had 

some degree of reduction in PLC, and 77.8% had nadir-
PLC/pre-PLC <0.8. The reduction of PLC was most 
remarkable in the reductions of all types of peripheral blood 
cells. While many factors were identified as risk factors 
for RIL, this study found that radiation dosimetric factors 
(such as RT technique and mean lung dose) were the most 
significant risk factors for RIL, and RT technique was the 
only risk factor for nadir-PLC/pre-PLC <0.8. RapidArc 
technique was a significant independent risk factor for both 
RIL and nadir-PLC/pre-PLC <0.8, even after volume and 
fractionation-matched analysis. RapidArc was associated 
with greater PLC reduction and greater V5s, but lower 
V20s of the bilateral lungs.

This is likely the first and the largest study examining 
risk factors for RIL in breast cancer patients, including 
radiation technique and dosimetric factors for lymphopenia 
and clinical significance. Our findings are consistent with 
the previous reports of several smaller studies (15,16). An 
early observational study of 34 patients by Stjernswärd 
et al. in 1972 (18) reported long-term changes in PLC 
induced by RT in patients with breast cancer and 
their relation to tumor responses. Another small study  
(14 patients) performed by Standish et al. also noted 
this trend of changes after radiation (19). Our study of  
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Figure 3 Changes in different blood cell counts and radiotherapy (RT) techniques. This figure shows changes of (A) WBC, (B) neutrophil, 
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RapidArc had a more significant reduction in peripheral lymphocyte counts (PLC) than 3D conformal radiation therapy (3DCRT), while 
counts of WBC, neutrophil, and monocyte were not significantly different between these 2 groups.

Figure 4 Radiation-induced lymphopenia and radiotherapy (RT) technique: RapidArc compared with 3D conformal radiation therapy 
(3DCRT). When mean bilateral lung doses (A), radiation treatment volume (B), and RT fractionation were matched, patients treated with 
RapidArc had significant lower V20 of bilateral lungs (C), higher V5 of bilateral lungs (D), significantly lower post-RT lymphocyte (E), and 
lower nadir-PLC/pre-PLC ratio (F), compared to patients treated with 3DCRT.
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735 patients demonstrated frequent RIL and heterogeneous 
reduction in lymphocytes after adjuvant radiotherapy. These 
findings have important clinical implications as a reduction 
in PLC is associated with immunosuppression, which 
significantly affects local control and survival in patients 
with breast cancer, as reported in several studies (6-8,15,16). 

Our study focused on risk factors, particularly treatment 
factors such as RT technique and dosimetry. The significance 
of dosimetric factors on RIL shown in this study was 
consistent with the findings of Tang et al. in lung cancer (10) 
and Ellsworth et al. in gastrointestinal cancers (20). 
Lymphocytes are radiosensitive, and exposure to even 2 Gy 
of radiation can cause lymphocyte cell death because they 
cannot repair DNA (21,22). High-dose radiotherapy directly 
damages the lymphoid tissue within the radiation fields. RIL 
is believed to be caused by direct cell killing of circulating 
lymphocytes as they pass through the radiated field in 
thoracic cancers and immune organs like lymph nodes. 
Saito et al. reported that whole-body low-dose irradiation 
volume was associated with grade 3 or higher RIL in 
patients undergoing palliative RT (23). The significance of 
dosimetric correlations suggests that circulating lymphocytes 
may be considered an organ at risk (OAR) during RT 
planning (20,24). More detailed modeling of radiation to 
lymphocytes as an immunosuppression model is ongoing in 
our group.

It is interesting to note that RapidArc was associated 
with more RIL compared to the 3DCRT technique. One 
possible explanation is the increased lung dose and enlarged 
treatment volume with more advanced diseases. However, 
after matching mean lung doses, RT treatment volume, 
and RT fractionation, the RapidArc group still had a higher 
incidence of RIL. Interestingly, patients in the RapidArc 
group had significantly higher V5 but lower V20 of the 
bilateral lungs. This V5 significance is a new finding for 
breast cancer patients and is consistent with the findings of 
Tang et al. that V5 of the lungs is a significant dosimetric 
predictor of post-RT lymphocyte nadir in patients with 
lung cancer (10). Similar findings from studies on different 
cancers also strongly implicate the effect of normal tissue 
damage due to low-dose radiation. A significant relationship 
with V5 instead of V20 confirms the importance of low 
dose effect, which has a biological rationale and suggests a 
potential role of radiation-sensitive circulating lymphocytes.

It should be noted that although patients treated with 
RapidArc often needed IMN coverage, and that there were 
more RIL in these patients, we did not intend to study the 
controversial benefit of IMN radiation. However, this study 

demonstrated that the use of RapidArc with irradiation 
to the IMN, despite its advantage on target coverage and 
meeting organ dose limits, did generate greater volumes 
of low dose radiation, which was associated with more 
RIL. This finding suggests a need for consideration 
of RIL as a detrimental factor in selecting patients to 
be treated by RapidArc in order to irradiate the IMN, 
particularly for patients with lower recurrence risk, such as 
lateral located N1 patients with HR+/HER2− subtype. In 
addition, RapidArc, a new and more expensive technique, 
can cause more RIL than 3DCRT, which may negatively 
impact survival in breast cancer patients. Should advanced 
radiotherapy techniques such as RapidArc,VMAT and 
tomotherapy be used to achieve the goals of target coverage 
or other conventional-dose limits, cautions should also be 
placed to limit the volume of low radiation, such as V5 of 
the lungs. While further study is needed to explore the 
full influence of radiation technique or dosimetric factor 
on other organs, findings from this study suggest that the 
use of RapidArc should be well justified for indications and 
carefully planned to decrease low dose volumes like V5. 

Fractionation may be associated with RIL. Under 
univar ia te  ana lys i s ,  our  s tudy  revea led  that  the 
hypofractionation group (15 fx) had less RIL compared to 
conventional fractionation (25 fx). This finding is consistent 
with findings from Crocenzi et al. that hypofractionated 
RT was associated with significantly higher post-RT PLC 
(less RIL) and higher populations of major lymphocyte 
subpopulations (including CD4 and CD8 cells) compared 
with conventionally fractionated radiation in pancreatic 
cancer (25). Similarly, for breast cancer, Yuan et al. found 
that PLC post-RT in the hypofractionation group (13 
fx) was higher (less RIL) than the conventional fraction 
group in a comparative analysis (26). Sun et al. also found 
that the rate of lymphopenia was significantly lower in 
the hypofractionation group (16). This hypothesis can 
explain reduced RIL with hypofractionated radiation 
that RT kills less circulating lymphocytes, from less 
fractionation, thus less radiation exposure of the circulating  
lymphocytes (27). However, since 90.5% of our patients 
received hypofractionation radiation, we cannot validate the 
effect of fractionation. Further prospective validation with 
comparative distribution is needed to explore the real effect 
of hypofractionation radiation. 

Prior chemotherapy appeared to be another risk 
factor for lymphopenia post-RT, while concurrent anti-
HER2 therapy and endocrine therapy were not. This is 
consistent with findings from a study by Sage et al. (28) 
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and likely because of chemotherapy effect on bone marrow 
suppression (29,30). However, chemotherapy was not an 
independent significant risk factor for nadir-PLC/pre-PLC 
in this study, implying that it had little influence on the ratio 
of PLC change during radiation, although it can decrease 
absolute PLC post-RT. Further detailed analysis is needed. 

This study has limitations. First, as a retrospective study, 
it carries inherent flaws, such as missing data for PLC  
1–3 months post-RT. However, this study selected consecutive 
patients from a single RT center and thus had relatively uniform 
treatment techniques and objective blood test measures. Second, 
there might have been selection bias for patients allocated to the 
3DCRT and RapidArc groups, and our matched analysis may 
not have balanced all of the confounding factors. More extensive 
dosimetric studies are ongoing. Further studies are needed to 
validate our findings and investigate the effects and underlying 
mechanisms of RT techniques on the long-term survival of 
patients with breast cancer. 

Conclusions

This study of 735 patients reported that RIL is common 
in breast cancer after adjuvant radiation, and the most 
important risk factors were RT factors, including RT 
technique and dosimetric factors. Our study demonstrated 
for the first time the importance of low dose lung volume 
associated with radiotherapy techniques like RapidArc on 
RIL in breast cancer, suggesting a need for further RT plan 
optimization in the future to minimize this toxicity and 
improve survival in patients.
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