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Higher immune cell radiation dose is
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and survival in patients with non-small
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Abstract

Introduction The estimated dose of radiation to immune cells (EDRIC) has been shown to correlate with the overall
survival (OS) of patients who receive definitive thoracic radiotherapy. However, the planning target volume (PTV) may
be a confounding factor. We assessed the prognostic value of EDRIC for non-small cell lung cancer (NSCLC) in patients
who underwent postoperative radiotherapy (PORT) with homogeneous PTV.

Methods Patients with NSCLC who underwent PORT between 2004 and 2019 were included. EDRIC was computed
as a function of the number of radiation fractions and mean doses to the lungs, heart, and remaining body. The
correlations between EDRIC and OS, disease-free survival (DFS), locoregional-free survival (LRFS), and distant
metastasis-free survival (DMFS) were analyzed using univariate and multivariate Cox models. Kaplan-Meier analysis
was performed to assess the survival difference between low- and high-EDRIC groups.

Results In total, 345 patients were analyzed. The mean EDRIC was 6.26 Gy. Multivariate analysis showed that higher
EDRIC was associated with worse outcomes in terms of OS (hazard ratio [HR] 1.207, P=.007), DFS (HR 1.129, P=.015),
LRFS (HR 1.211, P=.002), and DMFS (HR 1.131, P=.057). In the low- and high-EDRIC groups, the 3-year OS was 81.2%
and 74.0%, DFS 39.8% and 35.0%, LRFS 70.4% and 60.5%, and DMFS 73.9% and 63.1%, respectively.

Conclusions EDRIC is an independent prognostic factor for survival in patients with NSCLC undergoing PORT. Higher
doses of radiation to the immune system are associated with tumor progression and poor survival. Organs at risk for
the immune system should be considered during radiotherapy planning.

Keywords Immune cell radiation, Non-small cell lung cancer, Postoperative radiotherapy, Survival

*Correspondence:
Zhouguang Hui
drhuizg@163.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-024-12699-4&domain=pdf&date_stamp=2024-8-7

Ma et al. BMC Cancer (2024) 24:968

Introduction

The use of postoperative radiotherapy (PORT) for non-
small cell lung cancer (NSCLC) remains a topic of debate.
Although some retrospective studies and large database
analyses suggested that PORT provides survival benefits
for patients with pathologic N2 (pN2) NSCLC [1, 2], two
recent randomized controlled trials (RCTs) have shown
no improvement in disease-free survival (DES) or overall
survival (OS) with the use of PORT in these patients [3,
4]. Furthermore, the side effects of PORT [5], especially
cardiopulmonary toxicity [6-9], raise many concerns.
Radiation to the immune system might diminish the ben-
efits of PORT [10].

Radiation-induced lymphopenia is a common occur-
rence in lung cancer therapy [11-13]. To quantify the
impact of radiation on immune cells, a model [14]
was developed to estimate the effective dose of radia-
tion to immune cells (EDRIC) based on the mean lung
dose (MLD), mean heart dose (MHD), mean body dose
(MBD), while considering the fraction number. EDRIC
has been found as significant factor for OS in patients
with NSCLC [15-17], small cell lung cancer (SCLC) [18],
and esophageal cancer [19] undergoing definitive radio-
therapy. However, none of these studies considered the
planned target volume (PTV) in multivariate analysis.
Tumor burden, such as tumor size and lymph node ratio,
could confound the effect of EDRIC on OS.

There is no gross tumor volume (GTV) in patients with
NSCLC receiving PORT, and the PTV is homogeneous in
these patients; hence, we aimed to examine the influence
of EDRIC on survival in this group of patients.

Methods

Patients

This was a post hoc analysis of our recently published
phase III PORT-C RCT [3] and a retrospective review
of the PORT database at China’s National Cancer Cen-
ter. Patients with pN2 NSCLC between January 2004
and June 2019 were analyzed. The eligibility criteria were
18-70 years of age, complete resection (RO), systemic
lymph node dissection, and adjuvant chemotherapy fol-
lowed by PORT. The exclusion criteria were a history of
other cancers and receipt of neoadjuvant chemotherapy.
The study was conducted in accordance with the Dec-
laration of Helsinki and approved by the Institutional
Review Board of China’s National Cancer Center. The
requirement for informed consent was waived by the
Institutional Review Board of China’s National Cancer
Center because of the retrospective nature of the study.

Treatments

The surgical procedures included lobectomy, bilobec-
tomy, pneumonectomy, and meticulous dissection of
the mediastinal lymph nodes. PORT was administered
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to all patients. Experienced radiotherapists outlined the
target volumes and organs at risk. The clinical target vol-
ume comprised the ipsilateral hilum, subcarinal area,
ipsilateral mediastinum, and stump of central lesions.
Automatic thresholding was used to outline the lungs
excluding gross malignancies. The heart was outlined, as
previously described [20]. The range of MBD calculation
was determined from the skull base to the lower margin
of the first lumbar spine.

A dose of 50 Gy was administered in 25 fractions of
2 Gy each and five times weekly. All patients underwent
intensity-modulated or three-dimensional conformal
radiation therapy using linear accelerators with a 6-MV
beam. Simulation computed tomography (CT) images
with a 5-mm slice thickness were acquired using a Bril-
liance Big Bore scanner (Philips Healthcare, Andover,
MA, USA) with iodine-based intravenous contrast while
the patient was in the supine position. Treatment plans
were developed using the Pinnacle treatment planning
system (v9.0; Philips, Fitchburg, WI, USA).

Follow-up

Patients were followed up every three months for the first
two years, every six months for the subsequent three to
five years, and yearly thereafter. All patients were assessed
based on their symptoms using blood and imaging exam-
inations (chest CT, abdominal CT, or B-ultrasonography)
and other relevant procedures. Disease progression was
established based on clinical evaluation, radiographic
inspection, and pathology reports when necessary.

Calculation of EDRIC

The radiation dose information was retrieved from the
treatment planning systems. The EDRIC was estimated
using the mean dose to the lung, heart, and remaining
body, as well as the number of radiation fractions, using
the model developed by Jin et al. [14]. and modified by
Ladbury et al. [16]. , who substituted the dosage to the
circulating immune pool for the dose to the immune sys-
tem. The exact formula is as follows:

EDRIC =0.12 % MLD + 0.08 * MHD

#of fractions
45

+ 10.45+ 0.35 % 0.85 * * M BD

Statistics

Continuous variables are shown as the mean and stan-
dard deviation for normally distributed data and the
median and interquartile range (IQR) for non-normally
distributed data. Variables representing categories are
expressed as counts and percentages. Continuous vari-
ables were compared using t-tests or Wilcoxon rank-sum
tests, and categorical variables were compared using x2



Ma et al. BMC Cancer (2024) 24:968

Table 1 Patient characteristics

Characteristic Level Overall
n 345
Age (median [IQR]) 56.00 [49.00, 62.00]
Sex (%) Male 203 (58.8)

Female 142 (41.2)
Tumor location Leftlung 136 (39.4)

Right lung 209 (60.6)
ECOG PS 0 7(7.8)

1 318(92.2)
Smoing history Yes 178 (51.6)

No 167 (48.4)
Histology (%) scC 67 (19.4)

non-SCC 278 (80.6)
pT stage T 71 (20.6)

T2-4 274 (79.4)
PLN 5.00 [3.00, 9.00]
MLD (median [IQR]) Gy 9.80[8.51,11.30]
MHD (median [IQR]) Gy 8.951[4.77,13.79]
MBD (median [IQR]) Gy 6.39 [5.38, 7.48]
EDRIC (median [IQR]) Gy 6.26 [5.51,7.51]
PTV (median [IQR]) ml 236.47 [197.04, 292.66]

Abbreviations ECOG PS, Eastern Cooperative Oncology Group performances
status; SCC, squamous cell carcinoma; IQR, interquartile range; PLN: positive
lymph node; MLD: mean lung dose; MHD: mean heart dose; MBD: mean body
does; EDRIC: the estimated dose of radiation to immune cells; PTV: planning
target volume

tests or Fisher’s exact tests, as appropriate. Endpoints
included OS (time from the date of surgery to the date
of death from any cause), DFS (time from the date of sur-
gery to the date of any disease recurrence or death from
any cause, whichever occurred first), locoregional recur-
rence-free survival (LRFS; time from the date of surgery
to the date of locoregional recurrence or death, which-
ever occurred first), and distant metastasis-free survival
(DMFS; time from the date of randomization to the date
of DM or death, whichever occurred first). Endpoints
were calculated using the Kaplan—Meier technique with
right censoring at the time of the most recent follow-up
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if no event had occurred. The median follow-up dura-
tion was determined using the Kaplan—Meier technique.
The endpoints were computed using the Kaplan—Meier
curve and compared using the log-rank test. The unad-
justed and adjusted effects of EDRIC on OS were evalu-
ated using univariate and multivariate Cox proportional
hazard models. The multivariate analysis included prog-
nostic variables with a P-value less than 0.1 in the univar-
iate analysis or were of clinical significance. We classified
the patients into low- and high-EDRIC groups by maxi-
mizing the log-rank statistic between the two groups to
determine the appropriate cut-off value. The median
EDRIC value was also used as the threshold to confirm
the findings. Statistical significance was set at P<.05. All
analyses were performed using R (version 4.2.1; R Foun-
dation, Vienna, Austria).

Results

Patient characteristics and EDRIC distribution

A total of 345 patients were eligible: 127 from the pro-
spective database and 218 from the retrospective data-
base. The patients were followed up for a median of 59.40
months (IQR: 34.79-80.16 months). The median age was
56 years (IQR: 49-62); 41.2% of the patients were women,
and 51.6% had a smoking history. The median MLD,
MHD, and MBD were 9.80 Gy, 8.95 Gy, and 6.39 Gy,
respectively (Table 1). The median EDRIC was 6.26 Gy
(IQR: 5.51-7.51).

Overall survival

Univariate analysis showed that higher EDRIC, larger
PTV and male sex were related to shorter OS, while
poorer Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) and tumor stage were margin-
ally related to shorter OS (Table 2). Multivariate analysis
revealed that EDRIC (hazard ratio [HR]: 1.21, P=.007)
and sex (HR: 0.39, P=.003) were significantly associated
with shorter OS, while PTV was no longer related to OS.

Table 2 Cox regression of clinical variables and EDRIC with overall survival

Characteristic Univariate Multivariate
HR [95% Cl] P HR [95% Cl] P

Age (year) 1.015[0.991-1.039] 0215 1.014[0.989, 1.039] 0.270
Sex (female vs. male) 0.51[0.323-0.805] 0.004 0.386 [0.204, 0.730] 0.003
Tumor location (left vs. right lung) 1.041[0.69-1.571] 0.847 1.228 [0.799, 1.885] 0.349
Smoking history (yes vs. no) 2.074[0.656-6.561] 0.214 1.747[0.541, 5.643] 0.351
ECOGPS (Ovs. 1) 1.409[0.938-2.118] 0.099 0.687[0.381, 1.240] 0213
Histology (non-SCC vs. SCC) 0.761[0.481-1.205] 0.245 1.258[0.734, 2.155] 0.403
pTl stage (T2-4 vs.T1) 1 675[0 049-2. 953] 0.075 1426 [0.797,2.551] 0.232
PLN 13[0.975-1.052] 0519 1.006 [0.968, 1.045] 0.769
PTV (ml) 1 003[1 .001- OO4] 0.003 1.000 [0.997, 1.002] 0.851
EDRIC (Gy) 1.208(1.098-1.329] <0.001 1.207 [1.052,1.384] 0.007

Abbreviations ECOG PS, Eastern Cooperative Oncology Group performances status; SCC: squamous cell carcinoma; PLN: positive lymph node; PTV: planning target

volume; EDRIC: the estimated dose of radiation to immune cells
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In the entire population, the 3-year OS rate was 77.5%,
and the median survival time was not reached. According
to the optimal cut-off values of EDRIC, patients with high
EDRIC had a significantly shorter OS than those with
low EDRIC (median OS of 43.53 months vs. not reached,
P<.01; Fig. 1A). According to the median EDRIC, the
3-year OS rates were 81.2% and 74.0% in low and high-
EDRIC groups.

Disease-free survival

The 3-year DFS rate for the total population was 37.4%,
with a median PFS of 21.6 months. EDRIC (HR: 1.13,
P=.015), tumor stage (HR: 1.43, P=.048), and positive
lymph node ratio (HR: 1.04, P=.003) were significantly
associated with DFS in multivariate analysis (Table 3).
According to the optimal cut-off values of EDRIC,
patients with high EDRIC had a significantly shorter DFS
than those with low EDRIC (median DFS: 39.23 months
vs. not reached, P<.01; Fig. 1B). According to the median
EDRIC, the 3-year DFS rates were 39.8% and 35.0% in
low and high-EDRIC groups.

A
— EDRIC=high — EDRIC=low
100%
80%
o 60%
© 40%
20% p <0.01
0%
0 24 48 72 96 120 144
time (month)
Number at risk
EDRIC=high{ 40 27 12 8 4 3 1
EDRIC=low{ 305 250 147 75 25 9 3
0 24 48 72 96 120 144
time (month)
C
— EDRIC=high — EDRIC=low
100%
80%
(%) 60%
iz
) 40%
20% p <0.01
0%
0 24 48 72 96 120 144
time (month)
Number at risk
EDRIC=high{ 40 23 10 6 4 3 1
EDRIC=low{ 305 222 127 68 22 6 1
0 24 48 72 96 120 144

time (month)
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Locoregional-free survival

The 3-year LRFS rate for the entire population was 65.4%,
with a median LRFS of 102 months. The univariate analy-
sis revealed that greater EDRIC, male sex, and poorer
ECOG PS were related to a lower LRFS, but histology was
marginally insignificantly associated with LRES (Table 4).
The multivariate analysis revealed that a greater EDRIC
(HR: 1.21, P=.002) and male sex were significantly
related to a lower LRFS. According to the optimal cut-
off values of EDRIC, patients with a high EDRIC had a
significantly shorter LRFS than those with a low EDRIC
(median LRFS: 12.65 vs. 25.43 months, P<.01; Fig. 1C).
According to the median EDRIC, the 3-year LRES rates
were 70.4% and 60.5% in low and high-EDRIC groups.

Distant metastasis-free survival

The 3-year DMFS rate in the total study popula-
tion was 42.0%. The median DMFS was 25.76 (12.65-
140.22) months. EDRIC (HR=1.113, P=.038), histology
(HR=1.717, [1.112, 2.651]), pT stage (HR=1.455, [1.003,
2.110]) and PLN (HR=1.040, [1.015, 1.066]) were sig-
nificantly associated with DMEFS in the multivariate

B
— EDRIC=high — EDRIC=low
100%
80%
» 60%
[T
a 40%
20% p <0.01 —
0%
0 24 48 72 96 120 144
time (month)
Number at risk
EDRIC=high{ 46 12 5 5 4 3 1
EDRIC=low{ 299 144 76 42 16 4 1
0 24 48 72 96 120 144
time (month)
D
— EDRIC=high — EDRIC=low
100%
80%
& 60%
E 40%
20% p <0.01
0%
0 24 48 72 96 120 144
time (month)
Number at risk
EDRIC=high{ 46 15 6 6 4 3 1
EDRIC=low{ 299 155 85 46 19 6 2
0 24 48 72 96 120 144

time (month)

Fig. 1 Kaplan—Meier curves for (A) overall survival, (B) locoregional-free survival, (C) distant metastasis-free survival, and (D) disease-free survival. Patients
are stratified by optimal cutoff of the estimated dose of radiation to immune cells
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Table 3 Cox regression of clinical variables and EDRIC with disease-free survival
Characteristic Univariate Multivariate

HR [95% Cl] P HR [95% Cl] P
Age (year) 1[0.98-1 01] 0.74 1.000 [0.985, 1.016] 0.971
Sex (female vs. male) 1.31[1.01-1.71] 0.045 1.051[0.694, 1.592] 0.814
Tumor location (left vs. right lung) 0. 96[0 74-1 26} 0.774 0.986 [0.749, 1.297] 0919
Smoking history (yes vs. no) 15[0.68-1.95] 0.598 1.302 [0.761, 2.226] 0.336
ECOGPS (Ovs. 1) 0. 74[0 57-0.96] 0.026 0.861[0.558, 1.327] 0.497
Histology (non-SCC vs. SCC) 44[1.01-2.04] 0.043 1.462[0.976, 2.189] 0.066
pT stage (T2-4 vs. T1) 1.53[1.09-2.17] 0.015 1428 1[1.003,2.033] 0.048
PLN 1.04[1.02-1.07] <0.001 1.038[1.013, 1.063] 0.003
PTV (ml) 1[1-1] 0.821 0.999[0.997,1.001] 0.380
EDRIC (Gy) 1.09[1.02-1.17] 0.013 1.129[1.024, 1.245] 0.015

Abbreviations ECOG PS, Eastern Cooperative Oncology Group performances status; PLN: positive lymph node; PTV: planning target volume; EDRIC: the estimated

dose of radiation to immune cells

Table 4 Cox regression of clinical variables and EDRIC with
locoregional recurrence—-free survival
Characteristic

Multivariate
HR [95% Cl] P

Univariate
HR [95% Cl] P

Age (year) 1[0.98-1.02] 0713 0.999[0.979,1.019] 0911
Sex (female vs. 0.52[0.35-0.76] 0.001 0.400 [0.231,0.692] 0.001
male)

Tumor location
(left vs. right lung)

Smoking history
(yes vs. no)
ECOGPS (Ovs. 1)
Histology (non-

0.94[0.66-1.34] 0.737 1.046[0.728,1.502] 0.808

0.88[0.45-1.74] 0.712 0.727[0.359,1.472] 0.375

1.42[1-2.01] 0.049 0.813[0.484,1.366] 0434
0.7[047-1.05]  0.082 1.014[0.634,1.622] 0.953

SCCvs. SCO)

pl stage (T2-4 1.31[0.84-2.06] 0237 1.132[0.712,1.799] 0.601
vs. T1)

PLN 1.02[0.99-1.05] 0.184 1.017[0.985,1.050] 0.308
PTV (ml) 111-1] 0.111 0.998[0.995, 1.000] 0.084
EDRIC (Gy) 15[1.06-1.25] 0.001 1.211[1.075,1.363] 0.002

Abbreviations ECOG PS, Eastern Cooperative Oncology Group performances
status; PLN: positive lymph node; PTV: planning target volume; EDRIC: the
estimated dose of radiation to immune cells

analysis (Table 5). According to the optimal cut-off values
of EDRIC, patients with high EDRIC had a significantly
shorter DMFS than those with low EDRIC (median
DMES: 24.5 vs. 28.4 months, P<.01; Fig. 1D). Accord-
ing to the median EDRIC, the 3-year DMEFS rates were
45.76% and 38.46% in low- and high- EDRIC groups.

Discussion

We found a correlation between higher EDRIC and worse
OS, DFS, LRFS, and DMFS in patients with NSCLC
undergoing PORT, which may explain why these patients
did not benefit from PORT in two recent RCTs [3, 4].
EDRIC is a quantifiable risk factor that may be control-
lable, particularly with the most recent radiation treat-
ment approaches such as proton therapy. The prospect of
attaining lower EDRIC levels while retaining acceptable
tumor coverage requires further investigation.

In our study, multivariate analysis showed that EDRIC
was one of the most critical variables associated with OS,
DEFS, LRFS, and DMFS in patients with NSCLC undergo-
ing PORT, even when considering the PTV, tumor stage,
and positive lymph node ratio. In multivariate analyses,
neither PTV nor tumor stage was associated with OS,

Table 5 Cox regression of clinical variables and EDRIC with distant metastasis—free survival

Characteristic Univariate Multivariate
HR [95% Cl] P HR [95% Cl] P

Age (year) 1[0.99-1.02] 0.539 1.007 [0.990, 1.024] 0423
Sex (female vs. male) 1.43[1.09-1.88] 0.01 1.134[0.735,1.750] 0.569
Tumor location (left vs. right lung) 0.92[0.7-1.21] 0.569 0.951[0.717,1.262] 0.729
Smoking history (yes vs. no) 1.3[0.74-2.28] 0.36 7[0.857, 2.688] 0.153
ECOGPS (Ovs. 1) 0.7[0.53-0.92] 0011 0.857[0.547,1.341] 0499
Histology (non-SCC vs. SCC) 1.69[1.16-2.46] 0.006 1.736 [1.125,2.677] 0.013
pTl stage (T2-4 vs.T1) 1.58[1.1-2.27] 0014 1463 [1.010,2.121] 0.044
PLN 1.05[1.02-1.07] <0.001 1.040[1.014, 1.065] 0.002
PTV (ml) 1[1-1] 0.408 1.000 [0.998, 1.002] 0.952
EDRIC (Gy) 1.09[1.02-1.17] 0.017 1[1.005, 1.229] 0.039

Abbreviations ECOG PS, Eastern Cooperative Oncology Group performances status; PLN: positive lymph node; PTV: planning target volume; EDRIC: the estimated

dose of radiation to immune cells
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LREFS, or DMES. Previous studies have identified EDRIC
as a significant factor for OS in patients with NSCLC
[15-17], SCLC [18], and esophageal cancer [19] who
received definitive radiotherapy. However, none of these
studies considered PTV in the multivariate analysis. One
study incorporated the GTV in the multivariate analysis;
however, EDRIC was no longer associated with OS [15].
Tumor burden, such as tumor size and number of posi-
tive lymph node [21], may confound the effect of EDRIC
on the OS. In our cohort, there was no GTV for PORT,
and our institution’s delineation of PTV was uniform. We
considered PTV in multivariate analysis and verified that
EDRIC was an independent predictor of survival.

Multivariate analysis showed that EDRIC was the only
variable associated with OS, except for sex, whereas
EDRIC, pathologic tumor stage, and positive lymph
nodes were associated with DFS. DFS is mainly affected
by tumor burden, including primary tumors and lymph
nodes, whereas OS is affected by both tumor and patient-
related factors. EDRIC was the only factor related to
both DES and OS, implying that the effect of EDRIC is
independent of tumor burden, such as tumor stage and
positive lymph nodes. The main effect of EDRIC is the
irritation of immune cells; thus, it is important to protect
the immune system.

The impact of radiation on the immune system is bilat-
eral, involving stimulation and suppression [10]. Immune
suppression may diminish the efficacy of cancer treat-
ment. This immunosuppression might be caused by the
irradiation of the bone marrow, activation of inhibitory
cytokines or regulatory cells, or direct death of mature
circulating lymphocytes in the blood or lymphoid spaces,
which are vulnerable to very low radiation doses [22].
There may be an inherent trade-off between radiation
to promote tumor cell killing and immunosuppression,
which counteracts the advantages of radiation. Advanced
radiation technologies, such as proton beam therapy,
allow for a more significant dose fall-off and may provide
considerable dosimetric advantages over intensity-mod-
ulated radiation therapy in some patients [23, 24]. Our
study suggests that radiation-induced immunosuppres-
sion may account for the poor benefit of PORT, which
explains the lack of DFS benefit of PORT in the PORT-C
[3] and LUNG ART [4] trials.

The results of our study have implications for inte-
grating radiotherapy and immunotherapy. The detri-
mental effects of higher EDRIC on survival outcomes
highlight the importance of preserving immune system
function during radiotherapy. This is particularly rel-
evant for patients receiving immunotherapy, where a
robust immune response is crucial for treatment effi-
cacy [25, 26]. Minimizing radiation exposure to immune
cells could enhance the therapeutic synergy between
radiotherapy and immunotherapy. In the neoadjuvant
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setting, the combination of radiotherapy and immuno-
therapy holds promise [27]. However, our results indi-
cate that careful planning is required to avoid excessive
radiation to immune cells, which could compromise the
immune-mediated anti-tumor effects of neoadjuvant
immunotherapy.

The EDRIC model has two limitations. EDRIC is a sim-
plistic model that may not accurately depict how radia-
tion affects the immune system. The essential assumption
is that EDRIC measures the radiation dose to circulating
immune cells; however, this association may be obscured
by other risk factors, such as the use of granulocyte col-
ony-stimulating factor. Second, only organs included in
the model were considered. Therefore, the contributions
of the lymphatics, nodes, thoracic duct, thymus, and
bone marrow were not considered. The EDRIC model
only expressly included the dosage to the lungs and heart,
while the remaining dose was obtained from the whole
body and with inherent imprecisions from a general-
izing dose across a vast volume. A method that involves
more detailed segmentation per organ would provide a
better model with a procedure that might be automated
with forthcoming artificial intelligence technologies
[28]. Nonetheless, the current EDRIC model produced
a repeatable immune cell dosage estimate that could be
efficiently compared among individuals.

Our study had several limitations. First, as this was a
single-institution retrospective study, biases such as
selection bias could not be avoided, and all relevant
variables could not be evaluated. Second, our cohort
included only patients with pN2 NSCLC who under-
went PORT. Thus, caution should be exercised when
extrapolating these results to patients with NSCLC
who underwent definitive radiotherapy or patients with
other cancers. Finally, we did not analyze the association
between EDRIC and the decrease in lymph node count
because a large subset of patients did not undergo blood
tests before radiotherapy.

Conclusion

EDRIC efficiently predicts OS, DFS, LRES, and DMES in
patients with NSCLC undergoing PORT. Future treat-
ment benefits may be improved by customizing radiation
therapy to minimize damage to the immune system.
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