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Purpose: We sought to compare the symptomatic radiation pneumonitis (RP) in lung cancer
patients treated with helical tomotherapy (HT) versus intensity-modulated radiotherapy
(IMRT), and examine the predictive value of circulating lymphocyte subsets affecting the
occurrence of RP.

Patients and Methods: Circulating lymphocyte subsets, clinical characteristics, dosimetric
parameters and pulmonary function were collected from 130 lung cancer patients treated
with HT (n = 53) or IMRT (n = 77) from 2016 through 2020. Symptomatic RP was compared
between groups. Binary logistic regression was used to identify predictors of RP.

Results: The IMRT group had larger planning target volume (319.9 vs 240.8 cc,
P = 0.041); more ECOG performance status 0—1 (96.1% vs 79.2%, P = 0.002); more
stage III-IV disease (94.8% vs 37.6%, P = 0.028); and more combined systemic therapy
(85.7% vs 69.8%, P = 0.022). Grade >2 RP were comparable between IMRT and HT
groups (16.9% vs 15.1%, P = 0.785). For stage III-1V disease, IMRT was associated with
lower lung V10 (31.9% vs 35.8%, P = 0.047) and lower incidence of grade 5 RP (0% vs
9.1%, P = 0.018). All lymphocyte subsets reduced after radiotherapy. The decrease degree
of total T cell count and CD4" T cell count were larger after IMRT than HT (P = 0.043,
P = 0.021). In univariate analysis, the smoking status, lower baseline FEV1, and higher
total T cell count, higher CD8" T cell count, lower total B cell count, lower CD4"/CD8"
ratio after radiotherapy were associated with the development of grade >2 RP. The higher
CDS'T cell count after radiotherapy was the only risk factor associated with grade >2 RP
in multivariable analysis (OR 1.003; 95% CI: 1.000—1.005; P = 0.044).

Conclusion: IMRT was associated with lower lung V10 and less grade 5 RP than HT for
stage III-TV lung cancer. Higher CDS8" T cell count after radiotherapy was associated with an
increased risk of RP. HT may better preserve total T cell and CD4" T cell than IMRT.
Keywords: radiation pneumonitis, lung cancer, helical tomotherapy, intensity-modulated
radiotherapy, circulating lymphocyte

Introduction

Thoracic radiotherapy plays a critical role in the treatment of lung cancer.
Nowadays, intensity-modulated radiotherapy (IMRT) has been the most widely
used radiation technique for lung cancer. Helical tomotherapy (HT) is a form of
IMRT with a helical beam delivery technique.' Multiple dosimetric studies have
shown the potential of HT to decrease radiation dose to lung, esophagus and heart,
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while maintaining radiation dose to the tumor compared
with IMRT.>® On the other hand, a larger volume of lung
tissues receives low radiation doses when HT is delivered,
the so-called “low-dose bath”, which may increase
toxicity.*

Regarding radiation-related toxicity, radiation pneumo-
nitis (RP) is the most important dose-limiting toxic effect
after thoracic irradiation. Symptomatic RP influences the
quality of life and clinical course, even being fatal in some
with the 15% to 45%.
Nevertheless, how these two radiation modalities, HT ver-

cases, incidence from
sus IMRT, contribute to the risk of RP in lung cancer is
unclear yet.

Thoracic irradiation damages resident cells and initi-
ates repair processes, leading to activation of the immune
system. The recruitment of various immune cells and
a perpetual cascade of cytokines were described in the
process of RP.* Some evidence from preclinical studies
showed that T lymphocytes infiltrate the lung after
irradiation.’ In addition, radiotherapy was often accompa-
nied by lymphopenia because of the high radiosensitivity
of circulating lymphocytes. Clinical study found that
radiation-induced lymphocyte apoptosis was associated
with late toxicity and survival outcome in cancer
patients.'®'" Thus, we hypothesize that the changes of
circulating lymphocyte subsets before and after radiother-
apy, such as T cells, B cells and natural killer cells, may be
associated with RP.

In the study, we aimed to compare the symptomatic RP
in lung cancer patients treated with HT and IMRT.
Moreover, we sought to examine the predictive value of
circulating lymphocyte subsets, clinical characteristics,
dosimetric parameters and pulmonary function affecting
the occurrence of RP.

Methods

Patients

The medical records of lung cancer patients at the
Chonggqing University Cancer Hospital (CQUCH) between
July 2016 and June 2020 were retrospectively reviewed.
The eligibility criteria included: (1) stage I-IV lung cancer
according to the 8th AJCC staging system, including
locally advanced disease (stage III), inoperable stage
I and II disease due to comorbidity or poor pulmonary
function, limited extent of stage IV disease after effective
systemic therapy; (2) thoracic radiotherapy was delivered
with HT or IMRT; (3) radiation dose >40 Gy; (4) the

availability of respiratory symptoms and corresponding
radiographic images to evaluate the occurrence of RP.

This study was approved by the ethics committee of
the CQUCH. Informed consent for all patients was
obtained prior to therapy and performed in accordance
with the Declaration of Helsinki and Good Clinical
Practice Guidelines.

Radiotherapy

Gross tumor volume (GTV) included the primary tumor
and positive lymph nodes. Clinical tumor volume (CTV)
encompassed GTV with an additional 0.6~0.8 cm margin.
Involved-field node irradiation was done. The planning
defined as CTV plus

0.8~1.5 cm margin according to tumor location and extent

target volume (PTV) was
of respiratory motion. Normal lung dose-volume histo-
grams (DVH) were generated with inclusion of both
lungs and exclusion of the GTV. The dose-volume con-
straints were as follows: median total lung dose (MLD)
<18 Gy, relative volume of total lung that receives >20 Gy
(V20) <30%, maximum spinal cord dose <45 Gy, heart
V40 <30%, esophagus V50 <30%.

The choice of radiation modality was mainly influ-
enced by institutional protocol and availability. HT plans
were transferred to the tomotherapy treatment planning
WI).
Scanned every day using megavoltage CT imaging before

system (TomoTherapy Incorporated, Madison,

treatment. The IMRT plans with five to seven coplanar
beams was generated. Patients in the IMRT group under-
went kilovoltage cone beam CT during treatment once
a week. All plans were delivered with 6-MV photon

beams.

Evaluation of Radiation Pneumonitis

Patients were followed up 1 month after radiotherapy
and then every 2-3 months thereafter. The follow-up
time was shorter if pneumonitis was suspected when
patients developed dry cough, dyspnea or fever.
Interval history, physical examination, blood tests, and
chest CT scans were performed. RP was diagnosed by
clinical symptoms and the characteristic imaging find-
ings by CT. Grading was conducted according to the
Common Terminology Criteria for Adverse Events ver-
sion 4.0 (CTCAE v4.0). The diagnosis and grading of
RP were confirmed by two experienced radiation

oncologists.
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Date Collection

Circulating lymphocyte subsets, clinical information, pulmon-
ary function, dosimetric parameters were recorded.
Circulating lymphocytes were collected from peripheral
blood samples within 1 month before and after radiotherapy,
including total T cell count, CD4'T cell count, CD8'T cell
count, total B cell count, natural killer cell count, total lym-
phocyte count, the CD4" /CD8" ratio. Multicolor flow cyto-
metry was used to analyse circulating lymphocyte subtypes.
The clinical information included age, sex, smoking status,
drinking status, Eastern Cooperative Oncology Group
(ECOG) performance status, histology, location of primary
tumor, clinical stage, systemic treatment history. Baseline
pulmonary function included forced expiratory volume in
one second (FEV1), forced vital capacity (FVC), FEV1/
FVC, carbon monoxide diffusion capacity (DLCO). The dosi-
metric parameters were extracted from the treatment planning
system, including the radiation dose, PTV volume, MLD, and
the percent volume of the total lung receiving more than 5, 10,

20, 30 and 40 Gy (named V5, V10, V20, V30, V40).

Statistical Analysis

Firstly, the incidence of RP was compared between IMRT
and HT, also the patient characteristics, pulmonary func-
tion and dosimetric parameters. In order to find the factors
associated with RP, all the patients were divided into two
groups: grade >2 RP and grade <2 RP. Continuous
data were presented as median and interquartile range
(IQR) and compared wusing Mann—Whitney U-test.
Categorical data were compared using y2 test. P<0.05
(two-sided) was regarded as statistically significant.
Variables with P <0.05 in univariable analysis were further
analyzed by multivariable analysis using binary logistic
regression. Statistical analysis was performed using SPSS
22.0 software (IBM, Armonk, New York, USA).

Results

Patient Characteristics and RP Between
IMRT and HT

Patient and treatment characteristics of 130 eligible lung can-
cer patients were summarized and compared by radiotherapy
technique (Table 1), including 77 with IMRT and 53 with HT.
For the entire cohort, the median age was 63 years (range 39—
92 y), and the median radiation dose of PTV was 60 Gy (range
40-68 Gy), with 66 (50.8%) patients receiving radiation doses
>60 Gy. The median fractionation regimen was 2.0 Gy (range
1.5-2.5 Gy).

Compared with HT, IMRT group had more patients with
ECOG performance status 0—1 (96.1% vs 79.2%, P = 0.002);
more stage [II-IV disease (94.8% vs 37.6%, P = 0.028); and
more chemotherapy or molecularly targeted therapy com-
bined with radiotherapy (85.7% vs 69.8%, P = 0.022). As
for dosimetric parameters, the median PTV was greater in the
IMRT group than in the HT group (319.9 vs 240.8 cc, P =
0.0041). No significant differences in lung V5-40 and MLD
were observed between the two groups. For patients with
stage III-IV disease (73 with IMRT vs 44 with HT), IMRT
was associated with lower lung V10 than HT (31.9% vs
35.8%, P =0.047) (Supplementary Table 1).

The median follow-up periods for all but 5 patients,
who died of RP less than 3 months from the start of
radiotherapy, were 22.5 months (range 848 months).
The median time from the start of IMRT and HT to
grade >2 RP (symptomatic RP) occurrence was 65 days

and 53 days, respectively. Of the 130 patients, 15 experi-
enced grade 2 RP (11.5%), 1 experienced grade 3 RP
(0.8%) and 5 experienced grade 5 RP (3.8%). The accu-
mulative incidence of grade >2 RP was 16.2%. Patients
treated with HT tended to have more grade 5 RP than
those treated with IMRT (7.5% vs 1.3%, P = 0.069). In
addition, grade >2 RP were comparable between IMRT
and HT group (16.9% vs 15.1%, P = 0.785). For patients
with stage III-1V disease, HT was associated with higher
incidence of grade 5 RP (0% vs 9.1%, P = 0.018)
(Supplementary Table 1). But grade >2 RP were still
comparable (15.1% vs 15.9%, P = 0.903).

The details of the 5 patients who developed fatal RP are
shown in Table 2. None of the 5 patients received concurrent

chemoradiotherapy, and 3 received chemotherapy before
radiotherapy. Four patients developed cough and dyspnea
and 1 patient developed low-grade fever during the course of
disease. All 5 patients then succumbed to respiratory failure
and 2 patients suffered tumor progression simultaneously.
During the RP treatment with glucocorticoid, 2 patients
developed pneumocystis carinii and fungus, respectively.
Figure 1 depicts the CT images of patient No. 1 during the
course of fatal RP.

Univariate Analysis of Factors Associated
with Grade 22 RP

Patient and tumor characteristics associated with cases of
grade < 2 RP and grade > 2 RP are listed in Table 3. In
univariate analyses, current or former smoking was found
to contribute to the occurrence of grade >2 RP (P = 0.025).
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Table | Radiation Pneumonitis and Baseline Characteristics Between IMRT versus HT

Characteristic IMRT (n =77) HT (n =53) P-value
RP
Grade 22 RP n(%) 13 (16.9) 8 (I5.1) 0.785
Grade 5 RP n(%) 1 (1.3) 4 (7.5) 0.069
Days from onset of RT to RP, Median (IQR) 65 (42-75) 53 (47-61) 0.204
Age, Median (IQR) 62.0 (55.0-67.0) 63.0 (54.0-72.5) 0.277
Gender n (%) 0.824
Male 14 (18.2) 10 (18.9)
Female 63 (81.8) 43 (81.1)
Smoking Status n (%) 0.726
Never 24 (31.2) 15 (28.3)
Current or Former 53 (68.8) 38 (71.7)
Drinking Status n (%) 0.069
Never 40 (51.9) 36 (67.9)
Current or Former 37 (48.1) 17 (32.1)
ECOG performance status n(%) 0.002
01 74 (96.1) 42 (79.2)
2 3(3.9) 11 (20.8)
Histology n(%) 0.405
NSCLC 57 (74.0) 42 (79.2)
SCLC 19 (24.7) 9 (17.0)
Unknown 1 (1.3) 2 (3.8)
Location of primary tumor n (%) 0315
Left lung 28 (36.4) 16 (30.2)
Right lung 48 (62.3) 34 (64.2)
Mediastinum 1 (1.3) 3(5.7)
Clinical Stage n(%) 0.028
I~ 4(52) 9 (17.0)
i~V 73 (94.8) 44 (37.6)
T Stage n (%) 0.266
1~2 26 (33.8) 23 (43.4)
3~4 51 (66.2) 30 (56.6)
N Stage n (%) 0.073
0~1 13 (16.9) 16(30.2)
2~3 64 (83.1) 37(69.8)
Treatment n (%) 0.022
Radiotherapy only 11 (14.3) 16 (30.2)
Chemotheraoy 61 (79.2) 37 (69.8)
Molecularly targeted therapy 5 (6.5) 0 (0)
Dosimetric parameters, Median (IQR)
Total radiation dose (Gy) 60.0 (50.0-60.0) 54.0 (50.0-60.0) 0.775
PTV (cc) 319.9 (199.2-467.2) 240.8 (137.8-382.7) 0.041
Lung V5 (%) 45.4 (35.4-53.9) 48.4 (36.9-56.2) 0.179
Lung V10 (%) 31.6 (25.1-39.2) 34.7 (24.541.6) 0.194
Lung V20 (%) 19.2 (14.9-24.6) 19.8 (14.7-24.5) 0.807
Lung V30 (%) 12.9 (9.2-17.1) 12.5 (8.3-16.6) 0.977
Lung V40 (%) 7.7 (49-11.4) 7.9 (5.3-10.9) 0.839
(Continued)
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Table | (Continued).
Characteristic IMRT (n =77) HT (n =53) P-value

MLD (Gy) 10.3 (8.3-13.3) 11.4 (8.8-14.0) 0.421
Pulmonary function, Median (IQR)

FEVI (%) 78.0 (65.0-92.0) 73.0 (63.0-86.0) 0319

FVC (%) 81.0 (73.0-94.0) 80.5 (68.3-89.5) 0.362

FEVI/FVC (%) 75.0 (67.0-81.0) 75.0 (68.0-82.0) 0.810

DLCO (%) 94.0 (88.0-107.0) 98.0 (83.3-108.0) 0.864

Abbreviations: RP, radiation pneumonitis; RT, radiotherapy; IQR, interquartile range; NSCLC, non small cell lung cancer; SCLC, small cell lung cancer; PTV, planning target

volume; MLD, median total lung dose; FEV I, forced expiratory volume in one second; FVC, forced vital capacity; DLCO, carbon monoxide diffusion capacity.

However, the other factors (age, sex, ECOG status, histol-
ogy, location of primary tumor, stage and systemic treat-
ment) were comparable between the two groups.

The results of the univariate analysis for pulmonary
function and dosimetric parameters are shown in Table 4.
The lower FEV1 was associated with development of
grade >2 RP (P = 0.035). None of the dosimetric para-
meters could predict grade >2 RP at univariate analysis.

All lymphocyte subsets reduced after radiotherapy.
Absolute decrease levels of lymphocyte subsets after
IMRT versus HT are shown in Figure 2. The decrease
degree of total T cell count and CD4" T cell count were
larger after IMRT than HT (P = 0.043, P = 0.021)
(Supplementary Table 2). When adjustment was made for

stage III-IV disease, the statistical significance remained
(P = 0.036, P = 0.038). Grade >2 RP group had higher
total T and CD8" T cell count after radiotherapy (P =
0.020, P = 0.013) (Table 4). In addition, grade >2 RP
group had lower total B and CD4"/CD8" ratio after radio-
therapy (P = 0.037, P = 0.046). However, absolute
decrease levels of lymphocyte subsets after radiotherapy
were comparable between the two groups.

Multivariate Analysis of Factors
Associated with Grade 22 RP

Finally, the smoking status, baseline FEV1, total T cell
count, CD8" T cell count, total B cell count and CD4"/
CDS8" ratio after radiotherapy were selected as covariates
for multivariable analysis. The result of the multivariate
analysis by forward-LR binary logistic regression is shown
in Table 5. The higher CD8" T cell count after radio-
therapy was a risk factor associated with grade >2 RP
(OR 1.003; 95% CI: 1.000-1.005; P = 0.044). Then
a linear regression model was conducted to identify
whether lung irradiation contributes to decrease of lym-
phocytes. Neither PTV nor lung DVH had statistical sig-
nificance (data not shown).

Discussion

This study compared the symptomatic RP in lung cancer

patients treated with either HT or IMRT, and examined the

predictive value of circulating lymphocyte subsets, clinical

and dosimetric parameters affecting the occurrence of RP.
So far, only a few studies have reported the RP inci-

dence in lung cancer patients treated with HT, and no

Table 2 The Details of the 5 Patients with Grade 5 Radiation Pneumonitis

Patient No. | No. 2 No. 3 No. 4 No. 5
Histology NSCLC NSCLC NSCLC SCLC NSCLC
Stage rT3NOMO cT4N3MO rTIN2MI cT3NIMO cT4N3MO
Location of primary tumor Left upper Right inferior Right inferior Left upper Right upper
Chemotherapy before RT No No NP*| EP*2 TP*3
RT technique IMRT HT HT HT HT
Radiation dose 66Gy/33F 60Gy/30F 60Gy/30F 40Gy/20F 50Gy/25F
Days from onset of RT to RP 35 59 50 6l 41
Main symptom Dyspnea Dyspnea Fever Dyspnea Dyspnea
Combined infection Pneumocystis carinii Fungal No No No
Tumor outcome SD PR PR PD PD

Abbreviations: NSCLC, non small cell lung cancer; SCLC, small cell lung cancer; NP, vinorelbine and cisplatin; EP, etoposide and cisplatin; TP, paclitaxel and cisplatin; RT,
radiotherapy; SD, stable disease; PR, partial response; PD, progressive disease.
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Figure | The CT images of patient No. | during the course of fatal RP.

studies compared the symptomatic RP between HT and
IMRT. The incidence of grade 5 RP after HT was
3.2~11%, and the incidence of grade >2 RP was
53.2~70%.">'* In our study, 8 patients treated with HT
experienced grade >2 RP (15.1%) and 4 experienced grade
5 RP (7.5%), which seems to be lower than other studies.
We speculate that the worse ECOG performance status and
earlier stage in HT group contributed to the decreasing
number of patients receiving chemotherapy. Less intense
chemotherapy regimens may result in lower incidence of
RP in our study. Despite larger PTV and more frequent
systemic treatment in IMRT group than HT group, the
incidence of grade >2 RP and grade 5 RP were compar-
able. However, for patients with stage III-IV disease,
IMRT group had less grade 5 RP than HT. Collectively,
IMRT  should be
a preferential radiotherapy option at present, especially

considering  cost-effectiveness,
for patients with stage III-IV lung cancer. However, HT
was reported as a safe and effective technique for hypo-
fractionated stereotactic body radiotherapy (SBRT) with
lower incidence of RP. Of 28 patients with early stage
inoperable NSCLC treated with HT-SBRT, 3.5% experi-
enced grade 3 RP, and 14% experienced grade 2 RP."
Moreover, of 22 patients with early stage NSCLC and 17
with oligometastasis, only one (2.6%) experienced grade 2
RP.'

HT continuously delivers radiation to the target and
rotates 360° around the patient, thereby spreading a low
dose over a larger area.'” For patients with stage III-TV
lung cancer, HT group achieved higher lung V10 than
IMRT in our study, which was consistent with the “low-
dose bath” theory. Current studies have reported that

various dosimetric parameters contribute to the risk of
development of RP, but the results were still inconsistent.
The lung V20 was the most frequently described dosi-
probability of
injury.'"®!'” However, some retrospective studies demon-

metric parameter to predict lung
strated the correlation of RP and low-dose baths, such as
the V5-15, especially for patients treated with HT.'?-'*2°
However, in our study, none of the dosimetric parameters
was independent predictors of grade >2 RP. One possible
reason is that our study had lower MLD, V5, V20 and V30
than dose-volume constraints and other studies, which was
not enough to reveal such a significant difference.

Abnormal pulmonary function may increase the risk of
RP. A number of studies found that the DLCO was
a strong predictor of RP?"** and FEVI, the exhaled
fraction of nitric oxide also had correlation.”* However,
some studies did not show any correlation between pul-
monary function and radiation-induced lung toxicity.>>
In our study, FEV1 was the only predictive factor for grade
>2 RP in univariate analysis, but not in multivariate
analysis.

The radiation can damage lungs by breaking DNA
and activating oxygen radicals during the development
of RP. Inflammatory mediators released from damaged
or dying cells result in lymphocytes activating and infil-
trating into lung tissue. Lymphocyte fractions in bronchi
alveolar lavage fluid increased significantly at 1 month
after radiotherapy of the lung cancer patients with RP.?’
While the hypersensitivity reaction mediated by radio-
therapy was elucidated, the immunosuppressive effects
are becoming better explored. Radiotherapy was often

accompanied by lymphopenia because of the high
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Table 3 Univariate Analysis of Patients Characteristics Associated with the Development of Grade 22 RP

Characteristic Grade <2 RP (n = 109) Grade 22 RP (n = 21) P-value
Age, Median (IQR) 63 (54.5-69) 62 (53-68) 0.759
Gender n (%) 0.590
Male 88 (80.7) 18 (85.7)
Female 21 (19.3) 3 (143)
Smoking Status n (%) 0.025
Never 37 (33.9) 2 (9.5
Current or Former 72 (66.1) 19 (90.5)
Drinking Status n (%) 0.271
Never 66 (60.6) 10 (47.6)
Current or Former 43 (394) Il (524)
ECOG performance status n (%) 0.332
0~1 96 (88.1) 20 (95.2)
2 13 (11.9) | (4.8)
Histology n (%) 0.696
NSCLC 83 (76.1) 16 (76.2)
SCLC 24 (85.7) 4 (14.3)
Unknown 2 (1.8) 1 (4.8)
Location of primary tumor n (%) 0.888
Left lung 37 (339) 7 (333)
Right lung 69 (63.3) 13 (15.9)
Mediastinum 3(28) 1 (4.8)
Clinical Stage n (%) 0.475
I~Il 10 (9.2) 3 (143)
i~1v 99 (90.8) 18 (85.7)
T Stage n (%) 0.967
1~2 41 (37.6) 8 (38.1)
3~4 68 (62.4) 13 (61.9)
N Stage n (%) 0.451
0~1 23 (21.1) 6 (28.6)
2~3 86 (78.9) 15 (71.4)
Systemic Treatment n (%) 0.576
Radiotherapy only 23 (21.1) 4 (19.0)
Chemotherapy 81 (74.3) 17 (81.0)
Molecularly targeted therapy 5 (4.6) 0 (0.0

Abbreviations: RP, radiation pneumonitis; IQR, interquartile range; NSCLC, non small cell lung cancer; SCLC, small cell lung cancer.

radiosensitivity of circulating lymphocytes. Thus, we
hypothesize that the change of circulating lymphocyte
subsets after radiotherapy may provide potentially
important information of RP. In our study, the higher
CDS8'T cell count after radiotherapy were the unique
risk factor associated with grade >2 RP by multivariable
analysis. Zheng et al. found that circulating lymphocytes
were not predictive for symptomatic RP in stage
I NSCLC patients treated with SBRT.?® Zhou et al.

showed that decrease of circulating lymphocyte count
the CD4"
T lymphocytes were associated with higher incidence

reflected severity of RP and lower
of RP*° The study did not include dosimetric para-
meters or pulmonary function in RP risk assessment,
which may result in the different conclusion from our
study. The mechanism behind the relationship between
the higher CD8" T cell count after radiotherapy and

increased RP is still unclear.
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Table 4 Univariate Analysis of Risk Factors Associated with the Development of Grade 22 RP

Characteristic Grade <2 RP Grade >2 RP P-value

RT technique n (%) 0.785
IMRT 64 (58.7) 13 (61.9)
HT 45 (41.3) 8 (38.1)

Dosimetric parameters, Median (IQR)
Total radiation dose (Gy) 60 (50-60) 56 (50-60) 0.901
PTV (cc) 255.7 (173.7-398.0) 369.6 (198.7-479.1) 0.228
Lung V5 (%) 46.5 (35.4-55.3) 49.1 (36.1-55.4) 0.750
Lung V10 (%) 31.7 (25.0-40.0) 37.0 27.541.2) 0.193
Lung V20 (%) 19.2 (14.7-24.0) 21.1 (17.0-26.1) 0.131
Lung V30 (%) 12.3 (9.1-16.3) 15.3 (9.5-19.1) 0.076
Lung V40 (%) 7.7 (5.0-10.7) 9.3 (5.6-11.6) 0.251
MLD (Gy) 10.6 (8.4-13.2) 12.5 (8.8-14.3) 0.099

Pulmonary function, Median (IQR)
FEVI (%) 78.0 (65.0-92.0) 68.5 (56.8-78.8) 0.035
FVC (%) 81.0 (71.0-94.0) 75.0 (66.8-84.5) 0.064
FEVI/FVC (%) 75.0 (69.0-82.0) 725 (58.3-81.0) 0.306
DLCO (%) 94.0 (86.0-108.0) 94.0 (81.5-113.5) 0.920

Circulating lymphocytes before RT (x106/L), Median (IQR)
Total T cell count 989.0 (698.8-1248.3) 1059.0 (880.0-1255.0) 0.240
CD4" T cell count 531.5 (387.0-768.3 517.0 (426.0-775.0) 0.586
CD8" T cell count 358.0 (240.8-477.5) 406.0 (298.0-609.0) 0.093
Total B cell count 123.5 (72.0-179.5) 109.0 (50.0-190.0) 0.554
Natural killer cell count 236.0 (147.0-355.3 220.0 (164.0-298.0) 0.977
CD4" /CD8" ratio 1.5 (1.2-2.1) 1.3 (0.98-1.84) 0.451
Total lymphocyte count 1389.0 (980.8—1685.3) 1503.0 (1188.0-1773.0) 0.453

Circulating lymphocytes after RT (x106/L), Median (IQR)
Total T cell count 538.0 (380.0-750.0) 842.0 (484.0-972.0) 0.020
CD4" T cell count 251.0 (175.0-345.0) 256.0 (213.0-388.0) 0.450
CD8" T cell count 248.0 (166.0-378.0) 459.0 (203.0-585.0) 0.013
Total B cell count 41.0 (22.0-87.0) 29.0 (11.0-52.0) 0.037
Natural killer cell count 191.0 (106.0-275.0) 133.0 (88.0-207.0) 0.086
CDA4+ /CD8+ ratio I.1 (0.6-1.5) 0.8 (0.4-1.0) 0.046
Total lymphocyte count 850.0 (574.8-1067.3) 992.0 (619.0-1063.0) 0.690

Absolute decrease level of lymphocytes after RT (x106/L),

Median (IQR)
ATotal T cell count 403.0 (149.0-562.5) 236.0 (120.0-556.5) 0.268
ACD4+ T cell count 273.0 (129.0-477.0) 263.0 (163.8-525.5) 0919
ACDS8+ T cell count 66.0 (—27.0-196.0) 32.0 (-174.0-113.0) 0.184
ATotal B cell count 65.0 (18.0-124.0) 78.5 (35.0-123.3) 0.791
ANatural killer cell count 43.0 (—9.5-140.5) 42.0 (7.0-173.0) 0.574
ATotal lymphocyte count 506.0 (179.5-789.5) 463.0 (268.3-985.8) 0.762

Abbreviations: RP, radiation pneumonitis; RT, radiotherapy; IQR, interquartile range; PTV, planning target volume; MLD, median total lung dose; FEVI, forced expiratory
volume in one second; FVC, forced vital capacity; DLCO, carbon monoxide diffusion capacity; SymbolA, circulating lymphocyte subsets count before RT minus circulating

lymphocyte subsets count after RT.

Regarding radiotherapy technique, our study indicated that
absolute decrease levels of total T cell count and CD4" T cell
count were larger after IMRT than HT. When adjustment was
made for stage III-IV disease, the statistical significance

remained. Our study is the first to compare the absolute decline
of circulating lymphocyte subsets between HT and IMRT.
Contrary to our study, Chen et al. found that SBRT group
had less absolute lymphocyte count decline than traditional
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Figure 2 Absolute decrease level of lymphocyte subsets after IMRT versus HT.

radiotherapy in lung cancer patients receiving combined
immunotherapy and radiotherapy.®® A larger volume of lung
tissues received low radiation doses during HT, resulting in
a hypersensitivity immune reaction. We suspected that the
decreased level of circulating lymphocyte subsets after HT
was counteracted by the increased level due to the low dose
radiation area. And a hypersensitivity immune reaction might
be the reason for much more grade 5 RP in HT group by
adjusted analyses. Furthermore, several studies indicated that
lower lymphocyte values during definitive radiotherapy were
associated with larger GTV and larger lung V5 in lung cancer
patients.***' Similarly, Abravan et al. showed that mean lung
dose, mean heart dose and vertebrae V20 had negative corre-
lations with grade > 3 lymphopenia in lung cancer cohort and
was further tested in esophageal cancer cohort.'' However,
neither PTV nor lung DVH had statistical significance for
lymphocyte decrease in our study.

Table 5 Multivariate Analysis of Risk Factors Predicting Grade
=2 RP

Characteristic Beta Odds Ratio P-value
Coefficient (95% CI)
Smoking Status 0.176
FEVI 0.078
Total T cell count after RT 0.571
CD8" T cell count after RT 0.003 1.003 0.044
(1.000-1.005)
Total B cell count after RT 0.205
CD4" /CD8" ratio after RT 0.920

Abbreviations: RP, radiation pneumonitis; RT, radiotherapy.

Besides the inherent bias of retrospective studies, some
other limitations should be noted. Firstly, the patient and
tumor characteristics had some heterogeneity, such as dif-
ferent stages from I to IV. To investigate this further, we
conducted subgroup analyses for stage III-IV disease.
Secondly, the sample size was small and the incidence of
grade 2 RP was low, which may be insufficient to distin-
guish difference. Thirdly, survival outcome and other
radiation-related adverse events
between HT and IMRT.

were not analyzed

Conclusion

In summary, for all lung cancer patients, despite larger
PTV and more frequent systemic treatment in IMRT
group than HT group, the incidence of grade >2 RP and
grade 5 RP were comparable. When administering in stage
III-1V disease, IMRT was associated with lower lung V10
and lower grade 5 RP than HT. Higher CD8" T cell count
after radiotherapy was the only risk factor associated with
grade >2 RP. HT may better preserve total T cell and CD4"
T cell than IMRT. However, the mechanism behind the
relationship between the circulating lymphocyte subsets
and RP need further investigation.
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