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Background: Lymphopenia is a known significant factor for treatment outcome in cancer
patients, with underlying risk factor poorly understood in breast cancer. We hypothesize
that the effective dose to the circulating immune cells (EDIC) which was related with
lymphopenia in lung cancer will also have significant effect for radiation induced
lymphopenia (RIL) in patients with breast cancer.

Material and Methods: Patients treated with adjuvant radiotherapy (RT) and with
complete blood tests within one week from RT end/start (post/preRT) were eligible in
this study. Radiation dosimetric factors were collected retrospectively, and EDIC for each
patient was calculated based on the doses to lung, heart and total body according to the
model description, as previously reported. RIL was defined by the CTCAE5.0 based on
postRT peripheral lymphocyte count (PLC). Linear regression was first used to test the
correlation between EDIC with post/preRT PLC ratio and postRT PLC, using all these as
continuous variables. Normal tissue complication probability (NTCP) was used to develop
models that predict the CTCAE graded RIL from EDIC.

Results: A total of 735 patients were eligible. The mean post/preRT PLC ratio was 0.66
(95% CI: 0.64-0.68) and mean EDIC of breast cancer was 1.70Gy (95% CI: 1.64-1.75).
Both post/preRT PLC ratio and postRT PLC were significantly correlated with EDIC
(P<0.001), with R2 of 0.246. For patients with normal preRT PLC, the post/preRT PLC
ratio was better associated with EDIC, and postRT PLC was expressed as PLCpreRT ×
(0.89 – 0.16 × EDIC). For patients with preRT lymphopenia, postRT PLC was better
associated with EDIC and it was 1.1 – 0.17 × EDIC. Using binned EDIC as the dose
variable, the bootstrap validated NTCPs fit the data nicely with R2 of 0.93, 0.96, and 0.94
for grade-1, grade-2, and grade-3 RIL, respectively. The corresponding EDIC to induce
50% of grade-1, grade-2 and grade-3 RIL was 1.2, 2.1 and 3.7 Gy, respectively.
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Conclusion: EDIC is a significant factor for RIL in patients with breast cancer, and may be
used to compute the risk of lymphopenia in each individual patient with the use of the
conventional NTCP modeling. External validation is needed before the EDIC can be used
to guide RT plan.
Keywords: lymphopenia, radiation, effective dose to the circulating immune cells (EDIC), prediction model,
breast cancer
INTRODUCTION

The immune system is critical for the development and
management of malignant tumors. Lymphocyte is a major
component of the immune system while lymphopenia was
reported to be associated with poor prognosis in patients with
breast cancer and other malignant cancers (1–4). However,
lymphocytes are extremely radiosensitive (5, 6) and exposure
to as low as 1 Gy of radiation can destroy mature circulating
lymphocytes (7). Therefore, radiotherapy (RT) can damage the
immune system and cause potential immunosuppression while it
is applied for its role on killing malignant tumor cells.

Radiation induced lymphopenia (RIL) is common and known
as a negative prognostic factor in many types of malignant solid
tumors (8–15). In breast cancer, we have demonstrated that
60.5% patients had lymphopenia and 92.7% patients had some
degree of reduction in peripheral lymphocyte count (PLC) after
adjuvant RT (16). RIL or the ratio of nadir PLC and pretreatment
PLC were also found to be a potential predictor for ipsilateral
breast tumor recurrence or 5-year disease-free survival in breast
cancer (17, 18). Meanwhile, several phase III clinical trials
involving immunotherapy showed positive results which have
significantly changed the treatment strategy for triple negative
breast cancer (19, 20). The keynote 522 study (20) had enrolled
previously untreated stage II or stage III triple-negative breast
cancer and most of them would receive adjuvant RT concurrent
with pembrolizumab after surgery. The effect of immunotherapy
might be weakened by RIL since patients with low PLC had lower
immune response rate while receiving checkpoint inhibitors (21).
Therefore, it is important to establish a prediction model of RIL
to improve RT plan of a better lymphocyte-sparing technique to
reduce treatment-related lymphopenia.

Studies had revealed that radiation dose to the lymphatic
system played an important role on RIL (6, 12). Our prior study
also found that several radiation dosimetric factors (such as
the circulating immune cells; RIL,
therapy; PLC, peripheral lymphocyte
r; LYM, lymphocytes; Nadir-PLC, the
ing radiation; PreRT PLC, peripheral
R, organ at risk; CTCAE, Common
EUD, equivalent uniform dose; MLD,
; ITDV, integral dose or integral total
omplication Probability; OS, overall
vival; CRT, chemoradiotherapy; PFS,
nt metastasis free survival; ESCC,
stereotactic body radiation therapy;
lative volume receiving more than

2

mean lung dose) were significant risk factors for lymphopenia
after RT in patients with breast cancer (16). A simple RIL model
based on radiation dose to the lymphatic system will be helpful
clinically to improve RT plan and minimize lymphopenia. The
lymphatic system is a complicated system composed of lymphoid
organs such as lymph nodes/ducts, bone marrow and thymus,
non-lymphoid organs such as lung and liver where lymphocytes
reside, and circulation blood which transport lymphocytes to
different parts of the body (22). Here we hypothesized that
radiation dose to the lymphocytes in circulation blood to be
critical for RIL because it was observed in breast and brain
radiation patients while there is little lymphoid tissue in radiation
of these regions (13, 23, 24). In addition, RIL is directly measured
according to the number of lymphocytes in a unit volume of
blood, and the active lymphocytes in circulation blood may be
more radiosensitive than non-active lymphocytes in other parts
of the lymphatic system (5, 6).

However, it is difficult to determine the radiation dose to the
lymphocytes in circulation blood because they are moving
targets. We have previously developed a model for the effective
dose to the circulating immune cells (EDIC) for thoracic
radiat ion based on planning dosimetr ic data , and
demonstrated that EDIC was associated with both overall
survival (OS) and local progression free survival (LPFS) after
thoracic radiotherapy in non-small cell lung cancer (NSCLC)
patients (25). This EDIC model has been validated externally in
NSCLC (26) and esophageal cancer (15, 27), and further
extended to abdominal radiation with consideration of other
immune organs beyond circulating blood, including spleen,
lymphatic ducts and bone marrows (22). Because the main
irradiated blood-containing structures of breast cancer are
similar to that of other thoracic malignancies, we hypothesized
that this modeled EDIC may also be applicable to breast cancer.
The purpose of this study is two folds: 1) to investigate whether
EDIC is associated with RIL in patients with breast cancer; 2) to
develop a normal tissue complication probability (NTCP) model
for RIL by considering the EDIC as the dose to the circulating
lymphocytes, similar as the conventional NTCP model for other
normal structures (such as NTCP of radiation induced
pneumonitis versus lung dose).
MATERIALS AND METHODS

Study Population
Patients with breast cancer who had received adjuvant
radiation between March 2015 to February 2020 in the
April 2022 | Volume 12 | Article 768956
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University of Hong Kong-Shenzhen Hospital were enrolled
in this study. Inclusion criteria: pathology confirmed invasive
breast cancer, aged 18-year-old and above, underwent adjuvant
radiation therapy. Exclusion criteria: non-invasive breast
cancer, recurrent or stage IV breast cancer, breast lymphoma,
immune related diseases, without PLC within 7 days
before and after radiation in the University of Hong Kong-
Shenzhen Hospital.

Data Collection
Following information of patients were collected: 1) radiation
dosimetric factors including RT technique, RT fields, RT
fractionations, mean heart dose (MHD), mean lung dose
(MLD), and integral dose, which has a unit of dose*volume
(to avoid confusion, here we referred it as integral total dose
volume [ITDV]); 2) Other clinical factors including age, tumor
laterality, ER/PR/HER-2 subtype, stage, surgical approaches,
chemotherapy, endocrine therapy, target therapy; 3) PLC
within 7 days at the beginning and end of radiation.
Lymphopenia was graded by Common Terminology Criteria
for Adverse Events (CTCAE) version 5.0. Lymphopenia was
defined as PLC cut-off of 1.06 × 109 in our institution. Grade 1,
2, 3 and 4 lymphopenia were defined as PLC cut-off of 1.06-
0.8 × 109, 0.8-0.5 × 109, 0.5-0.2 × 109 and 0.2 × 109/L,
respectively. The study endpoints were numerical value of
post/preRT PLC ratio, and postRT lymphopenia graded by
CTCAE5.0 based on postRT PLC.

EDIC Calculation
A recently reported EDIC model was used for this study (25). The
details of the EDICmodel derivation have been described previously
and validated externally (22, 25). Basically, the model derivation
includes 4 steps: 1) convert the mean dose of each single blood
containing organ (such as lung and heart) in one fraction into blood
dose and volume by considering continuous blood flow through the
organ during the time of radiation delivery (22, 25); 2) estimate the
fractionation effect by considering that the irradiated blood
uniformly mixed with un-irradiated blood after each fraction (13);
3) convert the blood dose volume data modified by the fractionation
effect into a blood equivalent uniform dose; and 4) finally EDIC is
the sum of the blood equivalent uniform doses (EUDs) contributed
by each blood-containing organs, including lung, heart, large
and small blood vessels with an assumption that large and small
vessels are uniformly distributed in the body. The model is
finally expressed as EDIC = 12%�MLD + 8%�MHD + ½45%
+35%�0:85� ( n

45 )
1
2 � � ITDV=(61:8� 103), w h e r e MLD ,

MHD, and ITDV are the mean total lung dose, mean heart
dose and integral dose (or integral total dose volume),
respectively, and n is the number of radiation fractions (25).
The ITDV was calculated as the mean external contour dose
multiplying with the volume of the external contour. The CT
scan region was from the lower jaw to L1 vertebra in this study.

Statistical Method
The effects of potential risk factors of RIL (post/preRT PLC ratio)
were estimated using univariate analysis initially and further
estimated using multivariable model. To avoid the unstable and
Frontiers in Oncology | www.frontiersin.org 3
inaccurate estimates of the coefficients, the stepwise linear
regression based on the Akaike information criterion
minimum was used to select variables for inclusion in the
multivariate analysis. Meanwhile, the collinearity testing was
performed using the variance inflation factor (VIF), and VIF >
10.0 was interpreted as indicating multicollinearity. Variables
with VIF > 10.0 were not included in the final model. Coefficients
and corresponding 95% confidence interval were calculated for
the linear regression model. Another linear regression was used
to investigate the numerical correlation between the post/preRT
PLC ratio (or postRT PLC) with EDIC. Statistical analysis was
performed using R software (version 3.6.2; https://www.R-
project.org).

To develop the NTCP model for RIL, the Solver program in
Excel was used to fit the clinical data into the NTCP model. The
patients were binned into the following 8 groups according to
their EDIC values: 1) EDIC <1.0; 2) 1≤ EDIC<1.5; 3) 1.5≤
EDIC<2.0; 4) 2.0≤ EDIC<2.5; 5) 2.5≤ EDIC<3.0; 6) 3.0≤
EDIC<3.5; 7) 3.5≤ EDIC<4.0; and 8) EDIC≥4.0. The
average EDIC in each bin was calculated. The percentage of
patients had Grade 1+, Grade 2+ and Grade 3+ lymphopenia at
each bin was also calculated, respectively. The calculated
percentage of patients with lymphopenia was considered as
clinically observed NTCP for lymphopenia, and NTCP versus
average EDIC was then fitted with the NTCP model expressed as

NTCP = 1= 1 +
D50
EDIC

� �k
" #

(1)

where D50 and k are fitting parameters. When the value of EDIC
that generated NTCP of 50% was considered to be D50. For
better comparison, we also used the original binary data for each
patient to fit the NTCP model. Bootstrap validations were also
performed for both binning and original binary data settings.
Internal generalizability was evaluated over 1000 bootstrap
samples, which were obtained by selecting patients randomly
from the study cohort, with replacement to produce datasets
having the same number of patients as the original cohort.
Confidence intervals (CIs) for fit parameters were calculated
using the bias corrected and accelerated bootstrap (BCa) method.
RESULTS

Characteristics of Patients and Radiation
Dosimetric at Baseline
Between March 2015 to February 2020, 1559 patients with
breast cancer received adjuvant RT in the University of Hong
Kong-Shenzhen Hospital. Among them, 735 patients with
invasive breast cancer were el igible for this study
(Supplementary Figure 1 for patient selection). Table 1 lists
the characteristics of patient, tumor, pre-radiation treatment
factors and radiation dosimetric factors at baseline. The median
age was 45 years (range 26-86). The mean doses of lung, heart
and integral body were 5.5Gy (95% CI: 5.3-5.6), 2.4Gy (95% CI:
2.2-2.5) and 4.4Gy (95% CI: 4.3-4.5), respectively.
April 2022 | Volume 12 | Article 768956
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Correlation Between EDIC and postRT/
preRT PLC (or postRT PLC)
Overall, 92.7% patients had some degree of reduction in PLC
postRT, and 60.5% (445/735) patients had lymphopenia postRT
(Supplementary Table 1). The mean post/preRT PLC ratio was
0.66 (95% CI: 0.64-0.68). The mean EDIC of breast cancer was
1.70Gy (95% CI: 1.64-1.75). Univariate and multivariable regression
analyses showed that EDIC was one of the significant risk factors
(P<0.001) for lymphopenia (post/preRT PLC ratio) (Table 1).

Linear regression showed that the post/preRT PLC ratio
decreased with increasing EDIC (R2 = 0.246, p<0.001)
(Figure 1A). However, we noted that a significant number of
patients were outliers that not fit to the linear regression.
Interestingly, most of these outlier patients had baseline
(preRT) lymphopenia (or low preRT PLC), which may had
confounded the radiation effect. In this study, 14.3% (105/735,
95%CI: 14.2-14.3%) patients had CTCAE5.0 defined
lymphopenia before RT (11.4%, 2.5%, 0.4% and 0 for grade 1,
2, 3 and 4, respectively) (Supplementary Table 1). As shown in
Figures 1B–D, the correlation represented by R2 was improved
from 0.246 to 0.283 by excluding 3 patients with grade-3 baseline
lymphopenia, improved to 0.309 by excluding additional 18
patients with grade-2 baseline lymphopenia, and further
Frontiers in Oncology | www.frontiersin.org 4
improved to 0.318 by excluding 84 grade-1 baseline
lymphopenia patients. The percentage outliers were 2/3 (66.7%),
3/18 (11.1%), 2/84 (2.4%) and 1/640 (0.1%) for patients with
baseline (Pre-RT) grade-3, grade-2, grade-1 and grade-0
lymphopenia, respectively. In patients with normal preRT PLC,
the postRT PLC (or potential RIL) might be estimated by the
linear regression of the post/preRT PLC ratio with EDIC, and
specifically be computed as PLCpostRT = PLCpreRT × (0.89 – 0.16 ×
EDIC) (Figure 1D). Meanwhile, these data also indicated that
patients with baseline lymphopenia before RT tended to have a
different behavior.

The postRT PLC also decreased with increasing EDIC (R2 =
0.275, p<0.001) (Figure 2A), and its correlation was better than
that of post/preRT PLC ratio to EDIC. However, the correlation
did not improve when patients with preRT lymphopenia were
excluded (Figures 2B, C). The correlation was better than that of
the post/preRT PLC ratio to EDIC if all patients were considered,
but it was not as good as that of the post/preRT PLC ratio to
EDIC if patients with preRT lymphopenia were excluded.

We also compared the correlation of post/preRT PLC ratio to
EDIC and postRT PLC to EDIC for patients with grade 1+ and
grade 2+ pre-RT lymphopenia. As shown in Figures 3A–D, the
correlation of postRT PLC to EDIC for patients with grade 1+
TABLE 1 | Patient characteristics, dosimetric factors and their predictive values on radiation induced lymphopenia (post/preRT PLC ratio).

n (%)/Mean (95%CI) Univariate analysis Multivariable analysis

Coefficient (95%CI) p value Coefficient (95%CI) p value

Age [median (range)]-year 45 (26-86) -0.001 (-0.003, 0.001) 0.355
Tumor side (left vs non-left)† 371(50.5%) vs 364 (49.5%) -0.035 (-0.069, -0.001) 0.046
Tumor stage*
IA/IB 193 (26.2%) 0
IIA/IIB 332 (45.2%) -0.061 (-0.100, -0.021) 0.003
IIIA/IIIB/IIIC 210 (28.6%) -0.224 (-0.268, -0.181) <0.001

Node status (N0 vs N+) 290 (39.5%) vs 445 (60.5%) -0.139 (-0.172, -0.105) <0.001
BCT vs Mastectomy 373 (50.7%) vs 362 (49.3%) 0.105 (0.071, 0.138) <0.001
SLNB vs ALND 265 (36.1%) vs 470 (63.9%) 0.135 (0.100, 0.170) <0.001
Chemotherapy (none vs yes) 69 (9.4%) vs 666 (90.6%) 0.008 (-0.051, 0.067) 0.800
Target therapy (non vs yes) 556 (75.6%) vs 179 (24.4%) -0.019 (-0.059, 0.022) 0.364
Endocrine therapy (none vs yes) 186 (25.3%) vs 549 (74.7%) -0.004 (-0.044, 0.035) 0.837
RT technology
RapidArc 123 (16.7%) 0 0
2D-fields 277 (37.7%) 0.351 (0.307, 0.395) <0.001 0.176 (0.078, 0.275) <0.001
3DCRT 335 (45.6%) 0.268 (0.225, 0.311) <0.001 0.146 (0.069, 0.223) <0.001

EDIC (95% CI)—Gy 1.7 (1.6-1.8) -0.156 (-0.177, -0.136) <0.001 -0.106 (-0.156, -0.055) <0.001
RT fields (breast vs breast/chestwall + regional LNs) 277 (37.7%) vs 458 (62.3%) -0.153 (-0.187, -0.119) <0.001
RT Dose (40.5Gy vs 50Gy) 665 (90.5%) vs 70 (9.5%) -0.109 (-0.167, -0.051) <0.001 0.056 (-0.009, 0.120) 0.091
Use of breathing control (none vs yes) 721 (98.1%) vs 14 (1.9%) -0.202 (-0.327, -0.077) 0.002
RT fractions (15 vs 25) 665 (90.5%) vs 70 (9.5%) -0.109 (-0.167, -0.051) <0.001
Mean heart dose (95% CI)—Gy 2.4 (2.2-2.5) -0.036 (-0.044, -0.029) <0.001
Heart dose_Dmax (95% CI)—Gy 26.5 (25.2-27.9) -0.001 (-0.002, -0.0001) 0.026 0.001 (0.0002, 0.002) 0.012
Mean dose of the total body (95% CI)—Gy 4.4 (4.3-4.5) -0.069 (-0.078, -0.060) <0.001
V5 of bilateral lungs (95%CI)—Gy 22.3 (21.3-23.2) -0.009 (-0.010, -0.008) <0.001
V20 of bilateral lungs (95%CI)—Gy 10.2 (9.9-10.5) -0.017 (-0.021, -0.013) <0.001
Mean bilateral lung dose (95%CI)—Gy 5.5 (5.3-5.6) -0.046 (-0.053, -0.040) <0.001
April
 2022 | Volume 12 | Article
RT, radiotherapy; LN, lymph nodes; BCT, Breast conserving therapy; SLNB, Sentinel lymph node biopsy; ALND, Axillary lymph node dissection; EDIC, effective dose to the circulating
immune cells); V5 (20), relative volume receiving more than 5Gy (20Gy).
†Non-left included 363 right and 1 bilateral breast cancer.
*Tumor stage was identified as the higher stage between clinical and pathological stage for patients who had received neoadjuvant chemotherapy and was identified as pathological stage
for patients who had upfront surgery.
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preRT lymphopenia was the best (R2 = 0.366, p<0.001).
Therefore, for these patients with baseline lymphopenia, the
postRT PLC (or potential RIL) might be approximated by
linear regression of absolute postRT PLC with EDIC, and
specifically be computed as PLCpostRT = 1.1 – 0.17 × EDIC
(Figure 3D). Again, all these data (Figures 1–3) indicate that
overall, the post-RT lymphocytes decreased with increasing
EDIC. However, the decreasing models may be different for
patients with different pre-RT PLC status.

RIL Normal Tissue Complication
Probability (NTCP) Modelling
The NTCP versus mean EDIC based on the binned data was
plotted in Figures 4A–C for Grade-1 and above, Grade-2 and
above, and Grade-3 and above RIL respectively. The data were
fitted with the NTCP model in Eq.1, with R2 = 0.96, 0.98 and
0.98, for Grade-1, Grade-2 and Grade-3 RIL, respectively. The
D50 (dose of EDIC at 50% probability of having RIL) for EDIC
was 1.2 (95%CI: 1.0-1.4), 2.1 (95%CI: 2.0-2.3) and 3.7 Gy (95%
CI: 3.5-3.9), and the k value was 2.4 (95%CI: 1.8-3.2), 4.0 (95%CI:
3.1-5.3), and 4.9 (95%CI: 3.8-6.5), correspondingly. Table 2
showed the results of model fitting of using binary data of each
patient without binning, and Bootstrap validation for both
binned data and binary data without binning. The binary data
Frontiers in Oncology | www.frontiersin.org 5
appeared to have quite consistent mean D50 and k values as the
binned data, while its 95% CIs were narrower than that of the
binned data. On the other hand, the binned data showed much
better fittings (R2 Values) than that of the binary data of
individual patient. The Bootstrap validation appeared to show
very consistent data as the original data for both the binned data
and binary data without binning.

The NTCP models for different grades of RIL could thus be
expressed as:

NTCP

= 1= 1 +
1:2

EDIC

� �2:4� �
for Grade� 1 and above RIL (4a)

NTCP

= 1= 1 +
2:1

EDIC

� �4:0� �
for Grade� 2 and above RIL (4b)

NTCP

= 1= 1 +
3:7

EDIC

� �4:9� �
for Grade� 3 and above RIL (4c)
A B

C D

FIGURE 1 | Inverse linear relation between post/preRT PLC Ratio and EDIC for (A) all 735 patients; (B) 732 patients excluding 3 patients with grade 3 preRT
lymphopenia; (C) 714 patients excluding additional 18 patients with grade 2 preRT lymphopenia; (D) 630 patients excluding additional 84 patients with grade 1
preRT lymphopenia.
April 2022 | Volume 12 | Article 768956
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DISCUSSION

This study of 735 patients at the first time in breast cancer
demonstrated a significant correlation between EDIC and RIL,
and that both post/preRT PLC ratio and postRT PLC decreased
linearly (R2<0.4) with increasing EDIC. The post/preRT PLC
ratio had a better correlation with EDIC in patients with normal
preRT PLC, and the postRT PLC appeared to have a better
correlation with EDIC in patients with preRT lymphopenia.
Comparing to the numerical correlation by the linear
regression, EDIC fitted better into the sigmoid-shaped NTCP
model for RIL (R2>0.96). The EDIC value of 50% incidence of
grade-1 RIL was 1.2 Gy, the corresponding EDIC to reach 50% of
grade-2 and grade-3 RIL was 2.1 and 3.7 Gy, respectively.

The significance of EDIC for RIL in breast radiation makes
biological sense and is supported by radiation physics rationales.
Lymphocytes are produced in bone marrow and thymus, and
then travel through blood circulation into various functional
sites. Radiation can directly kill circulating immune cells as they
pass through the irradiated field. EDIC is the estimation of
equivalent dose to the circulating immune cells in blood
contributed by the irradiation of the blood-containing organs
in thoracic radiation according to the mean dose to these organs
(such as MLD, MHD and ITDV). In addition, the radiation dose
Frontiers in Oncology | www.frontiersin.org 6
fractionation effect is also considered in the EDIC model (25).
EDIC has been reported to be associated with RIL in other
thoracic malignancies such as lung and esophageal cancers (15,
25–27). As a type of thoracic cancers, breast cancer is similar to
the NSCLC and esophageal cancer in terms of that its main
irradiated blood-containing organs are lung and heart.
Therefore, the EDIC model may be also applicable in breast
cancer. However, the irradiation pattern or dose distribution in
these organs may be quite different for breast cancer in
comparison to that of the NSCLC and esophageal cancer. The
irradiated lung and heart volumes in breast cancer are usually
much smaller. According to the EDIC model derivation (25), the
contribution of a blood-containing organ (such as lung) to EDIC
is approximately expressed as B%*Mean Organ Dose (MOD)
when A% is larger than 20% and fraction number is larger than
20, where MOD is the mean organ dose, A% is the percentage
blood-current that flow into the organ, B% is the percentage
blood-volume that present within the organ. This expression was
derived based on the assumption that the blood flow through the
organs in a serial pattern, and should be applicable for any blood-
containing organs with any non-uniform dose distributions. The
lung is composed of 5 lobes and each lobe may be approximately
considered as having a serial blood-flow pattern with A%=20%.
From the physics model perspective, the EDIC model can be
A B

C

FIGURE 2 | Inverse linear relationship between EDIC and postRT peripheral lymphocyte counts (PLC) for (A) all 735 patients; (B) 732 patients excluding 3 patients
with grade 3 preRT lymphopenia; (C) 714 patients excluding additional 18 patients with grade-2 preRT lymphopenia.
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applied in breast cancer radiation. Indeed, significance of EDIC
on both postRT PLC and RIL of this study support the validity of
this model in breast cancer.

It is interesting to note that when a patient had a normal
preRT PLC, the post/preRT PLC ratio had better correlation with
Frontiers in Oncology | www.frontiersin.org 7
EDIC. This is consistent with the theory that when the preRT
PLC is normal, the killing of circulation lymphocytes in blood by
radiation plays the most important role in the reduction of PLC.
However, 14.3% patients had preRT lymphopenia in this study,
which was reported to be related with prior chemotherapy in our
A B

C D

FIGURE 3 | Post/preRT PLC ratio versus EDIC for (A) 21 patients with grade-2+ preRT lymphopenia; (B) 105 patients with grade-1+ preRT lymphopenia; PostRT
PLC versus EDIC for (C) 21 patients with grade-2+ preRT lymphopenia; and (D) 105 patients with grade-1+ preRT lymphopenia.
A B C

FIGURE 4 | EDIC NTCP model for (A) Grade 1+, (B) Grade 2+ and (C) Grade 3+ postRT lymphopenia. Patients were divided into 8 groups with a 0.5 Gy increment in
each group (<1, 1-1.5, 1.5-2, 2-2.5, 2.5-3, 3-3.5, 3.5-4, >4.5). NTCP, Normal Tissue Complication Probability. EDIC, Effective Dose to the circulating Immune Cells.
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another study of 1012 patients with early or locally advanced
breast cancer (28). Therefore, we also explored the relationship
of EDIC and lymphopenia in this population. When a patient
had preRT lymphopenia, the absolute postRT PLC was better
associated with EDIC. This is consistent with previous report
that when the preRT PLC is low, the regeneration of new
lymphocytes from other parts of lymphatic system begins to
play a role (12). This regeneration of new lymphocytes weakens
the association between EDIC and post/preRT PLC ratio. The
lower the preRT PLC, the larger the deviation from the
correlation of EDIC and post/preRT PLC ratio. For 3 patients
with grade-3 preRT lymphopenia, 2 of them were outliers, while
3 over 18 patients were outliers for grade-2 preRT lymphopenia,
and 2 over 84 patients were outliers for grade-1 preRT
lymphopenia in this study.

It is important to note that this study also provided a NTCP
model of RIL based solely on EDIC. The NTCP model of each
grade of lymphopenia fits well with the sigmoid-curved dose
toxicity relationship, using EDIC for both binned data or binary
data for each patient without binning. These two approaches
achieved quite consistent results, and bootstrap validation also
confirmed the similar results. These data suggest that EDIC is
likely a true key dosimetric parameter, or at least a good
surrogate of the true dosimetric parameter that directly
impacts the RIL. EDIC might be used as a reference for
clinician in dose prescription and treatment planning. With
the guide of this EDIC model in lymphopenia, we may
improve our treatment to limit RIL. For example, adjustment
of beam energies, directions and number of beams may be able to
reduce EDIC and hence limit RIL. In addition, according to the
EDIC derivation (25), reducing the radiation fraction number n
may also reduce EDIC through the term of (n/45)1/2, which is
contributed by blood-containing organs with a relatively small A%
(such as A% <25%). Thus, hypofractionated treatments such as
stereotactic body radiation therapy (SBRT) may reduce EDIC.
Indeed, SBRT was reported to be associated with significantly less
RIL than conventionally fractionated RT in locally advanced
pancreatic cancer and breast cancer (18, 29, 30). Hypofractionated
radiation in this study was also found to have less risk of
RIL (Table 1).

This is the first study to validate the association of EDIC and
RIL in patients with breast cancer. However, it should be noted
Frontiers in Oncology | www.frontiersin.org 8
that several other dosimetric factors were also reported to be
significantly associated with RIL. These factors include lung V5
and heart V50 in lung cancer, brain V25 in glioma, and mean
whole body dose in esophageal cancer (9, 12, 13, 31–33). In our
prior study, lung V5 and volume modulated arc therapy rather
than three-dimensional conformal technique were also risk
factors for severe RIL (16). Although EDIC is a combination of
several dosimetric parameters, it may not be the best model. A
more comprehensive model with an optimal combination of
other dosimetric parameters (such as lung V5) and likely
including immune organs like bone marrow and thymus may
turn out to be a better predictor than the EDIC. Adding other
clinical factors may further improve the prediction of RIL in
breast cancer. Further study is needed to determine these
parameters and the best combination of them for better
prediction. From a theoretic view point, EDIC is just an
approximation of the dose to the immune cells in the
circulating blood. The dose to the lymphatic stations, bone
marrow and other lymphatic structures may also affect RIL.
The regeneration of new lymphocytes may complicate the
prediction. It should also be noted that the survival of this
study is not mature yet. Future studies will be performed to
explore the association of EDIC and other dosimetric parameters
with the long-term treatment outcomes of patients.

CONCLUSIONS

This study demonstrated that EDIC was significantly associated
with radiation induced lymphopenia (RIL) in breast cancer.
Using EDIC as the dose variable, the risk of RIL can be
predicted nicely by a conventional NTCP model. The
corresponding EDIC to induce 50% of grade-1, grade-2 and
grade-3 RIL was 1.2, 2.1 and 3.7 Gy, respectively. Should it be
validated by external datasets, these number may be used as
reference to guide radiation plan optimization and improve
survivals for patients.
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TABLE 2 | Parameters in NTCP modeling.

Grade 1+ Grade 2+ Grade 3+

Binned data Crude D50 (Gy) 1.2 (95%CI: 1.0-1.4) 2.1 (95%CI: 2.0-2.3) 3.7 (95%CI: 3.5-3.9)
k 2.4 (95%CI: 1.8-3.2) 4.0 (95%CI: 3.1-5.3) 4.9 (95%CI: 3.8-6.5)
R2 0.96 0.98 0.98

Bootstrap validation D50 (Gy) 1.2 (95%CI: 1.1-1.3) 2.1 (95%CI: 2.0-2.2) 3.7 (95%CI: 3.3-4.4)
k 2.4 (95%CI: 2.0-2.9) 4.0 (95%CI: 2.6-4.9) 5.5 (95%CI: 2.6-9.0)
R2 0.93 0.96 0.94

Binary data without binning Crude D50 (Gy) 1.2 (95%CI: 1.1-1.3) 2.2 (95%CI: 2.1-2.3) 3.7 (95%CI: 3.6-4.0)
k 2.1 (95%CI: 1.6-2.6) 3.9 (95%CI: 3.2-4.7) 4.4 (95%CI: 3.7-5.3)
R2 0.13 0.3 0.27

Bootstrap validation D50 (Gy) 1.2 (95%CI: 1.1-1.4) 2.2 (95%CI: 2.0-2.3) 3.7 (95%CI: 3.4-4.4)
k 2.1 (95%CI: 1.7-2.5) 3.9 (95%CI: 3.2-4.8) 4.4 (95%CI: 3.4-5.9)
R2 0.12 0.3 0.27
April 2022 | Volume
 12 | Article 768956

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. EDIC in Breast Cancer
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the University of Hong Kong-Shenzhen Hospital
(# 2019 098). Written informed consent for participation was not
required for this study in accordance with the national legislation
and the institutional requirements.
AUTHOR CONTRIBUTIONS

FC: primary investigator: overall study hypothesis, study design,
data collection, data analysis, result interpretation, manuscript
writing and final manuscript approval; J-YJ and TH: study
design, physics modeling, data analysis, manuscript writing
and final manuscript approval; HZ, LM, and PF: various parts
of statistical analysis, results interpretation and final manuscript
approval; YH, FY, QC, YZ: clinic data collection and final
manuscript approval; YN: radiation dosimetric factors
collection and final manuscript approval; HJ, WW, LY, and
ZX: results interpretation and final manuscript approval; F-MK:
study idea, study hypothesis/design, data quality control, data
Frontiers in Oncology | www.frontiersin.org 9
analysis, result interpretation, detailed manuscript preparation
and final manuscript approval. All authors contributed to the
article and approved the submitted version.
FUNDING

This project was partially supported by Shenzhen Key Medical
Discipline Construction Fund (No. SZXK014), Shenzhen Science
and Technology program (Grant No: KQTD20180411185028798),
Health Commission of Guangdong Province, China (A2021114)
and a Varian Medical System research grant.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.768956/
full#supplementary-material

Supplementary Figure 1 | Study population profile. As shown, a total of 735
patients with breast cancer were enrolled in this study.
REFERENCES

1. Afghahi A, Purington N, Han SS, Desai M, Pierson E, Mathur MB, et al.
Higher Absolute Lymphocyte Counts Predict Lower Mortality From Early-
Stage Triple-Negative Breast Cancer. Clin Cancer Res (2018) 24(12):2851–8.
doi: 10.1158/1078-0432.CCR-17-1323

2. De Giorgi U, Mego M, Scarpi E, Giuliano M, Giordano A, Reuben JM,
et al. Relationship Between Lymphocytopenia and Circulating Tumor
Cells as Prognostic Factors for Overall Survival in Metastatic Breast
Cancer. Clin Breast Cancer (2012) 12(4):264–9. doi: 10.1016/
j.clbc.2012.04.004

3. Saroha S, Uzzo RG, Plimack ER, Ruth K, Al-Saleem T. Lymphopenia Is an
Independent Predictor of Inferior Outcome in Clear Cell Renal Carcinoma.
J Urol (2013) 189(2):454–61. doi: 10.1016/j.juro.2012.09.166

4. Ceze N, Thibault G, Goujon G, Viguier J, Watier H, Dorval E, et al. Pre-
Treatment Lymphopenia as a Prognostic Biomarker in Colorectal Cancer
Patients Receiving Chemotherapy. Cancer Chemother Pharmacol (2011) 68
(5):1305–13. doi: 10.1007/s00280-011-1610-3

5. Nakamura N, Kusunoki Y, Akiyama M. Radiosensitivity of CD4 or CD8
Positive Human T-Lymphocytes by an In Vitro Colony Formation Assay.
Radiat Res (1990) 123(2):224–7. doi: 10.2307/3577549

6. Hall EJ, Giaccia AJ. Radiobiology for the Radiologist Vol. 6. Lippincott
Williams & Wilkins (2006).

7. Sellins KS, Cohen JJ. Gene Induction by Gamma-Irradiation Leads to DNA
Fragmentation in Lymphocytes. J Immunol (1987) 139(10):3199–206.

8. Mehrazin R, Uzzo RG, Kutikov A, Ruth K, Tomaszewski JJ, Dulaimi E, et al.
Lymphopenia Is an Independent Predictor of Inferior Outcome in Papillary
Renal Cell Carcinoma. Urol Oncol (2015) 33(9):388.e19–25. doi: 10.1016/
j.urolonc.2014.06.004

9. Davuluri R, Jiang W, Fang P, Xu C, Komaki R, Gomez DR, et al. Lymphocyte
Nadir and Esophageal Cancer Survival Outcomes After Chemoradiation
Therapy. Int J Radiat Oncol Biol Phys (2017) 99(1):128–35. doi: 10.1016/
j.ijrobp.2017.05.037

10. Liu L-T, Chen Q-Y, Tang L-Q, Guo S-S, Guo L, Mo H-Y, et al. The Prognostic
Value of Treatment-Related Lymphopenia in Nasopharyngeal Carcinoma
Patients. Cancer Res Treat (2018) 50(1):19. doi: 10.4143/crt.2016.595

11. Wild AT, Ye X, Ellsworth SG, Smith JA, Narang AK, Garg T, et al. The
Association Between Chemoradiation-Related Lymphopenia and Clinical
Outcomes in Patients With Locally Advanced Pancreatic Adenocarcinoma.
Am J Clin Oncol (2015) 38(3):259. doi: 10.1097/COC.0b013e3182940ff9

12. Tang C, Liao Z, Gomez D, Levy L, Zhuang Y, Gebremichael RA, 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(5):1084–91. doi: 10.1016/j.ijrobp.2014.04.025

13. 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(2):140–4. doi: 10.3109/
07357907.2012.762780

14. Lissoni P, Meregalli S, Bonetto E, Mancuso M, Brivio F, Colciago M, et al.
Radiotherapy-Induced Lymphocytopenia: Changes in Total Lymphocyte Count
and in Lymphocyte Subpopulations Under Pelvic Irradiation in Gynecologic
Neoplasms. J Biol Regulators Homeostatic Agents (2005) 19(3-4):153–8.

15. So TH, Chan SK, Chan WL, Choi H, Chiang CL, Lee V, et al. Lymphopenia
and Radiation Dose to Circulating Lymphocyte With Neoadjuvant
Chemoradiation in Esophageal Squamous Cell Carcinoma. Adv Radiat
Oncol (2020) 5(5):880–8. doi: 10.1016/j.adro.2020.03.021

16. Chen F, Yu H, Zhang H, Nong Y, Wang Q, Jing H, et al. Risk Factors for
Radiation Induced Lymphopenia in Patients With Breast Cancer Receiving
Adjuvant Radiotherapy. Ann Trans Med (2021) 9(16):1288. doi: 10.21037/
atm-21-2150

17. Cho O, Chun M, Kim SW, Jung YS, Yim H. Lymphopenia as a Potential
Predictor of Ipsilateral Breast Tumor Recurrence in Early Breast Cancer.
Anticancer Res (2019) 39(8):4467–74. doi: 10.21873/anticanres.13620

18. Sun G-Y, Wang S-L, Song Y-W, Jin J, Wang W-H, Liu Y-P, et al. Radiation-
Induced Lymphopenia Predicts Poorer Prognosis in Patients With Breast
Cancer: A Post-Hoc Analysis of a Randomized Controlled Trial of
Postmastectomy Hypofractionated Radiotherapy. Int J Radiat Oncol Biol
Phys (2020) 108(1):277–85. doi: 10.1016/j.ijrobp.2020.02.633

19. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, et al.
Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast
Cancer. N Engl J Med (2018) 379(22):2108–21. doi: 10.1056/NEJMoa1809615

20. Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al.
Pembrolizumab for Early Triple-Negative Breast Cancer. N Engl J Med
(2020) 382(9):810–21. doi: 10.1056/NEJMoa1910549
April 2022 | Volume 12 | Article 768956

https://www.frontiersin.org/articles/10.3389/fonc.2022.768956/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.768956/full#supplementary-material
https://doi.org/10.1158/1078-0432.CCR-17-1323
https://doi.org/10.1016/j.clbc.2012.04.004
https://doi.org/10.1016/j.clbc.2012.04.004
https://doi.org/10.1016/j.juro.2012.09.166
https://doi.org/10.1007/s00280-011-1610-3
https://doi.org/10.2307/3577549
https://doi.org/10.1016/j.urolonc.2014.06.004
https://doi.org/10.1016/j.urolonc.2014.06.004
https://doi.org/10.1016/j.ijrobp.2017.05.037
https://doi.org/10.1016/j.ijrobp.2017.05.037
https://doi.org/10.4143/crt.2016.595
https://doi.org/10.1097/COC.0b013e3182940ff9
https://doi.org/10.1016/j.ijrobp.2014.04.025
https://doi.org/10.3109/07357907.2012.762780
https://doi.org/10.3109/07357907.2012.762780
https://doi.org/10.1016/j.adro.2020.03.021
https://doi.org/10.21037/atm-21-2150
https://doi.org/10.21037/atm-21-2150
https://doi.org/10.21873/anticanres.13620
https://doi.org/10.1016/j.ijrobp.2020.02.633
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1056/NEJMoa1910549
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. EDIC in Breast Cancer
21. Diehl A, Yarchoan M, Hopkins A, Jaffee E, Grossman SA. Relationships
Between Lymphocyte Counts and Treatment-Related Toxicities and Clinical
Responses in Patients With Solid Tumors Treated With PD-1 Checkpoint
Inhibitors. Oncotarget (2017) 8(69):114268. doi: 10.18632/oncotarget.23217

22. Jin J-Y, Mereniuk T, Yalamanchali A, Wang W, Machtay M, Ellsworth S. A
Framework for Modeling Radiation Induced Lymphopenia in Radiotherapy.
Radiother Oncol (2020) 144:105–13. doi: 10.1016/j.radonc.2019.11.014

23. Meyer KK. Radiation-Induced Lymphocyte-Immune Deficiency: A Factor in
the Increased Visceral Metastases and Decreased Hormonal Responsiveness
of Breast Cancer. Arch Surg (1970) 101(2):114–21. doi: 10.1001/
archsurg.1970.01340260018003

24. Maclennan I, Kay H. Analysis of Treatment in Childhood Leukemia. IV. The
Critical Association Between Dose Fractionation and Immunosuppression
Induced by Cranial Irradiation. Cancer (1978) 41(1):108–11. doi: 10.1002/
1097-0142(197801)41:1<108::AID-CNCR2820410116>3.0.CO;2-Z

25. Jin J-Y, Hu C, Xiao Y, Zhang H, Paulus R, Ellsworth SG, et al. Higher
Radiation Dose to the Immune Cells Correlates With Worse Tumor Control
and Overall Survival in Patients With Stage III NSCLC: A Secondary Analysis
of RTOG0617. Cancers (2021) 13(24):6193. doi: 10.3390/cancers13246193

26. Ladbury CJ, Rusthoven CG, Camidge DR, Kavanagh BD, Nath SK. Impact of
Radiation Dose to the Host Immune System on Tumor Control and Survival
for Stage III Non-Small Cell Lung Cancer Treated With Definitive Radiation
Therapy. Int J Radiat Oncol Biol Phys (2019) 105(2):346–55. doi: 10.1016/
j.ijrobp.2019.05.064

27. Xu C, Jin J-Y, Zhang M, Liu A, Wang J, Mohan R, et al. The Impact of the
Effective Dose to Immune Cells on Lymphopenia and Survival of Esophageal
Cancer After Chemoradiotherapy. Radiother Oncol (2020) 146:180–6.
doi: 10.1016/j.radonc.2020.02.015

28. Chen F, Ma L, Wang Q, Zhou M, Nong Y, Jing H, et al. Chemotherapy Is a
Risk Factor of Lymphopenia Before Adjuvant Radiotherapy in Breast Cancer.
Cancer Rep (Hoboken) (2021), e1525. doi: 10.1002/cnr2.1525

29. Crocenzi T, Cottam B, Newell P, Wolf RF, Hansen PD, Hammill C, et al. A
Hypofractionated Radiation Regimen Avoids the Lymphopenia Associated With
Neoadjuvant Chemoradiation Therapy of Borderline Resectable and Locally
Advanced Pancreatic Adenocarcinoma. J Immunother Cancer (2016) 4(1):1–13.
doi: 10.1186/s40425-016-0149-6
Frontiers in Oncology | www.frontiersin.org 10
30. Yuan C, Wang Q. Comparative Analysis of the Effect of Different
Radiotherapy Regimes on Lymphocyte and Its Subpopulations in Breast
Cancer Patients. Clin Trans Oncol (2018) 20(9):1219–25. doi: 10.1007/
s12094-018-1851-2

31. Contreras JA, Lin AJ, Weiner A, Speirs C, Samson P, Mullen D, et al. Cardiac
Dose Is Associated With Immunosuppression and Poor Survival in Locally
Advanced Non-Small Cell Lung Cancer. Radiother Oncol (2018) 128(3):498–
504. doi: 10.1016/j.radonc.2018.05.017

32. Huang J, DeWees TA, Badiyan SN, Speirs CK, Mullen DF, Fergus S, et al.
Clinical and Dosimetric Predictors of Acute Severe Lymphopenia During
Radiation Therapy and Concurrent Temozolomide for High-Grade Glioma.
Int J Radiat Oncol Biol Phys (2015) 92(5):1000–7. doi: 10.1016/
j.ijrobp.2015.04.005

33. Saito T, Toya R, Matsuyama T, Semba A, Oya N. Dosimetric Predictors of
Treatment-Related Lymphopenia Induced by Palliative Radiotherapy:
Predictive Ability of Dose-Volume Parameters Based on Body Surface
Contour. Radiol Oncol (2017) 51(2):228–34. doi: 10.1515/raon-2016-0050

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Jin, Hui, Jing, Zhang, Nong, Han, Wang, Ma, Yi, Chen,
Zhang, Fu, Yang, Xu and Kong. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
April 2022 | Volume 12 | Article 768956

https://doi.org/10.18632/oncotarget.23217
https://doi.org/10.1016/j.radonc.2019.11.014
https://doi.org/10.1001/archsurg.1970.01340260018003
https://doi.org/10.1001/archsurg.1970.01340260018003
https://doi.org/10.1002/1097-0142(197801)41:1%3C108::AID-CNCR2820410116%3E3.0.CO;2-Z
https://doi.org/10.1002/1097-0142(197801)41:1%3C108::AID-CNCR2820410116%3E3.0.CO;2-Z
https://doi.org/10.3390/cancers13246193
https://doi.org/10.1016/j.ijrobp.2019.05.064
https://doi.org/10.1016/j.ijrobp.2019.05.064
https://doi.org/10.1016/j.radonc.2020.02.015
https://doi.org/10.1002/cnr2.1525
https://doi.org/10.1186/s40425-016-0149-6
https://doi.org/10.1007/s12094-018-1851-2
https://doi.org/10.1007/s12094-018-1851-2
https://doi.org/10.1016/j.radonc.2018.05.017
https://doi.org/10.1016/j.ijrobp.2015.04.005
https://doi.org/10.1016/j.ijrobp.2015.04.005
https://doi.org/10.1515/raon-2016-0050
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Radiation Induced Lymphopenia Is Associated With the Effective Dose to the Circulating Immune Cells in Breast Cancer
	Introduction
	Materials and Methods
	Study Population
	Data Collection
	EDIC Calculation
	Statistical Method

	Results
	Characteristics of Patients and Radiation Dosimetric at Baseline
	Correlation Between EDIC and postRT/preRT PLC (or postRT PLC)
	RIL Normal Tissue Complication Probability (NTCP) Modelling

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


