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Abstract: Objective: To evaluate the influence of Gamma Knife stereotactic body radiotherapy (SBRT) on the hemato-
logical system in patients with advanced lung cancer and to assess its clinical outcomes. Methods: A retrospective
analysis was conducted on the clinical data of 192 patients with advanced lung cancer. 108 patients who received
conventional radiotherapy were included in the control group, and the rest 84 patients who received Gamma Knife
SBRT were included in the experimental group. Treatment outcomes, disease progression one year after radio-
therapy, blood cell counts, coagulation function, quality of survival scores, and adverse reactions were compared
between the two groups. Results: The experimental group exhibited a significantly higher disease control rate (DCR)
and objective response rate (ORR) compared to the control group (both P<0.05). Radiotherapy modality was identi-
fied as an independent factor influencing disease progression within one year. Both groups experienced reductions
in leukocytes, neutrophils, lymphocytes, erythrocytes, and platelets after radiotherapy, but the experimental group
had less pronounced reductions (P<0.05). Alterations in blood cell morphology were observed in both groups, with
the experimental group showing fewer alterations (P<0.05). Coagulation function tests indicated a rise in prothrom-
bin time (PT), a decrease in activated partial thromboplastin time (APTT), and an increase in fibrinogen (Fib) and
D-Dimer (D-D) levels in both groups, with more favorable coagulation indices observed in the experimental group.
Patients in both groups showed improvement in quality of survival scores post-treatment, with the experimental
group outperforming the control group (P<0.05). The incidence of adverse reactions was lower in the experimental
group compared to the control group (P<0.05). Conclusion: Compared to traditional radiotherapy, Gamma Knife
SBRT has a less detrimental impact on the blood cell level, morphology, and coagulation function in patients with
moderate to advanced lung cancer. It also improves patients’ quality of survival with fewer adverse reactions and
better disease control. These findings suggest that Gamma Knife SBRT is a promising treatment option and war-
rants further exploration and adoption in clinical practice.
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Introduction

Lung cancer is a prevalent malignant tumor,
typically originating from malignant cell lesions
in the bronchial mucosa and glands of the
lungs. Its incidence and mortality rates are
notably high [1]. Early symptoms of lung can-
cer are often subtle and can easily be mistaken
for other diseases. Additionally, many patients
lack sufficient awareness, leading to diagnosis

at advanced stages, with cancer metastasizing
to adjacent lung tissues, lymph nodes, or other
organs [2]. The treatment of lung cancer is com-
plex, generally requiring a combination of sur-
gery, radiation, chemotherapy, immunotherapy,
and targeted therapies. Studies have shown
that about 70% of patients are no longer suit-
able for surgical treatment at the time of diag-
nosis, making radiotherapy and chemotherapy
the preferred treatment options. However, the
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5-year survival rate for these patients is only
about 19.7% [3].

Radiotherapy technology is developing rapidly,
with imaging playing a crucial role in enhancing
its accuracy. The emergence of new imaging
technologies, such as four-dimensional com-
puted tomography technology, has strength-
ened the capabilities of stereotactic body ra-
diotherapy (SBRT) [4]. Using three-dimensional
geometric localization, SBRT selectively targets
the diseased tissue, delivering a large dose of
gamma radiation in a focused manner to in-
duce necrosis or functional changes in the
tumor while minimizing damage to surrounding
healthy tissue. SBRT offers several advantag-
es, including a short treatment duration, high
accuracy, good curative effect, and few side
effects [5].

Like conventional radiotherapy, Gamma Knife
radiotherapy is a non-invasive treatment that
does not require anesthesia, surgery, or blood
transfusion. Previous studies have shown its
effectiveness in treating brain metastases
from lung cancer [6]. However, radiation thera-
py also has adverse effects on the body, in-
cluding blood system responses, such as neu-
tropenia, which need to be closely monitored
[7, 8]. This study aims to investigate the effe-
cts of Gamma Knife SBRT on the blood system
and its clinical application in patients with
advanced-stage lung cancer. Through retro-
spective analysis, we seek to provide evidence-
based support for the broader application of
Gamma Knife SBRT in treating intermediate
and advanced-stage lung cancer.

Materials and methods
Patients and study design

This study was approved by the Ethics Com-
mittee of The Affiliated BenQ Hospital of
Nanjing Medical University. A retrospective
analysis was conducted on patients with mid-
dle and advanced lung cancer admitted to The
Affiliated BenQ Hospital of Nanjing Medical
University from January 2022 to January 2024.

Inclusion criteria: (1) Diagnosis confirmed by
histopathology and imaging, with clinical stag-
ing of TNM lllb to IV [9]; (2) Advanced lung can-
cer with measurable and objectively evaluable
lesions; (3) First admission to the hospital; (4)
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Expected survival time of more than six mon-
ths; (5) Complete case data available. Exclu-
sion criteria: (1) Patients with pre-treatment
liver pr kidney dysfunction or blood abnormali-
ties; (2) Previous radiotherapy treatment; (3)
Patients with other malignancies other than
lung cancer; (4) Women during pregnancy.

Previous studies have shown that the inciden-
ce of lung cancer accounts for 12.4% of all
cancers [10]. Sample size calculation was

Z:P(1-P)
=S
where P is the estimated overall rate, 0 is the
permissible error, and «=0.05 for a bilateral
confidence interval. The calculated sample size
was n=166. Considering a 10% loss to follow-
up and the exclusion criteria, 192 patients were
finally included in the study (Figure 1).

performed using the formula: p

’

Grouping

Based on patient condition, the attending phy-
sician presented available treatment options
to the patient and their family, analyzed the
advantages and disadvantages of each option,
and provided a clear outline of the associated
costs. The patients were grouped according to
the treatment modalities they received. A total
of 84 patients who underwent Gamma Knife
SBRT were included in the experimental group,
while 108 patients who received conventional
radiotherapy were included in the control gro-
up. There were no significant differences in
general clinical data (gender, age, body mass
index (BMI), Karnofsky (KPS) score) between
the two groups (all P>0.05), indicating that the
groups were balanced and comparable. The
detailed results of the analysis are shown in
Table 1.

Therapeutic methods

(1) Control group: The conventional segmented
radiological technique was adopted using a
Varian high-energy linear accelerator (6 MV
photon line). After computed tomography (CT)
scanning and localization, pre- and post-contra-
lateral irradiation were performed. The treat-
ment regimen consisted of a single radiation
dose of 2 Gy, administered once daily, 5 days a
week. The total radiotherapy dose was deter-
mined based on tumor size: 36-42 Gy for tumor
with a diameter <3 cm, 40 Gy for tumors
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Figure 1. Flow diagram for patient inclusion.

Table 1. Comparison of general clinical data between the two

groups of patients

Clinical efficacy assessment

Peripheral Blood Cell Levels
Coagulation Function Tests
Quality of Life Score
Adverse Reactions

Analyed (n=108) |

face marking points were set
under the positioning frame to

Control group Experimental

measure the coordinates along

Projects (n=108)  group (n=84) P thE X-, Y-, and Z-axes.'Car:e was
Gender/n  Male 66 49 0152 0.697  ‘LaKento preventerrors in the pen-
F | 40 35 dulum direction and ensure the
emale error in the Y-axis was maintained
Age 56.39+7.33 57.65:6.49 1.242 0.216  \ithin 0.3 cm. A CT scan with con-
BMI (kgm?) 21.65+1.09 21.33+1.24 1.890 0.060 trast enhancement was perform_
KPS Score/n >80 72 58 0.123 0.726 ed, covering the area from the
<80 36 26 mid-neckline to 3 cm below the

Note: BMI: body mass index; KPS Scores: Karnofsky Score.

between 3-5 cm, and 40-42 Gy for tumors >5
cm.

(2) Experimental group: Patients were treated
with Gamma Knife Stereotactic Radiotherapy
with Whole Body Stereotactic Gamma Radia-
tion Therapy System (WBSSRT). The patient
was positioned supine with the assistance of a
healthcare professional. A negative pressure
vacuum bag was used to secure the body with-
out restricting respiratory movement. The arms
were positioned above the head, and body sur-
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diaphragm to include the entire

lung tissue, with a slice thickness

of 5 mm. The acquired image data
were input into the treatment planning system.
Intrapulmonary lesions were delineated in the
pulmonary window, mediastinal or hilar lesions
in the mediastinal window, and organs at risk
(such as bilateral lung tissue, heart, spinal
cord, and esophagus) were outlined. The
tumor’s location and volume were used to
develop a personalized treatment plan. The
initial dose for Gamma Knife SBRT was gener-
ally 50-60 Gy, with an average dose of
(55.26+6.67) Gy in this study. The entire focal
area received 50% of the prescribed dose first,
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followed by irradiation of the lesion’s periphery
with a total dose of 40-48 Gy, delivered in
10-12 sessions (4 Gy/session, 5 days/week).

Both groups received enhanced symptoma-
tic support, anti-inflammatory treatment, and
other supportive therapies during radiotherapy.
Follow-up visits, including telephone consulta-
tions and outpatient visits, were conducted at
the end of treatment to monitor disease pro-
gression within one year and determine the
specific time of progression.

Data collection

The pathological diagnostic reports for each
patient were retrieved from the medical re-
cord system. The pathological characteristics
of both groups were recorded, including the
type of lung cancer, tumor differentiation
degree, tumor location, and tumor subtype.

All patients underwent disease-related exami-
nations upon admission. Fasting venous blood
samples were collected before radiotherapy,
and the quality of life of the patients was
assessed using a scoring system administered
by healthcare staff. Adverse reactions experi-
enced during radiotherapy were also recorded.
These examinations, blood samples and scores
were repeated one month after the completion
of radiotherapy.

Outcome measures

Primary outcomes: Clinical efficacy: Clinical
efficacy was assessed using the RECIST 1.1
criteria [11]. Complete remission (CR): com-
plete elimination of the lesion; Partial Remis-
sion (PR): >50% reduction in lesion size; Stable
Disease (SD): <50% reduction in lesion size
or <25% increase in lesion size; Progressive
Disease (PD): Lesion enlargement >25%. Dise-
ase control rate (DCR) was calculated as: DCR
= (CR + PR + SD)/total number of cases x
100%, an objective response rate (ORR) was
calculated as: ORR = (CR + PR)/total number of
cases x100%.

Peripheral blood cell level: Before and after
radiotherapy, 2 mL of fasting venous blood
was collected into anticoagulant tubes, and
the levels of leukocytes, neutrophils, lympho-
cytes, erythrocytes and platelets were mea-
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sured using an automated whole blood cell
analyzer.

Blood cell morphology: Before and after ra-
diotherapy, venous blood was collected from
patients, mixed, and smeared for Rachel-
Giemsa staining. Approximately 0.5-0.8 mL of
Giemsa staining solution (A) was applied to
the smear and stained for 0.5-1.0 min.
Phosphate buffer PH=6.8 (B liquid) was then
added, and the smear was stained for an addi-
tional 6-8 minutes before rinsing and drying.
The slide was examined microscopically.

Coagulation function: Coagulation function was
assessed using the Sysmcx CS-500 automa-
tic coagulation analyzer to measure prothrom-
bin time (PT) and activated partial thrombo-
plastin time (APTT). Additionally, the levels of
D-D dimer (D-D) and fibrinogen (Fib) were
detected by ELISA Kits.

Secondary outcomes: Quality of Survival Score:
Before treatment and after 5 cycles of treat-
ment, the quality of life of patients in both
groups was evaluated using the World Health
Organization quality of life brief scale (WHOQOL-
BREF) [12], including four domains of physical
health, psychological health, social relation-
ships, and environmental factors. Each domain
is scored out of 100, physical health, psycho-
logical health, social relationships, and environ-
mental factors.

Adverse reactions: The occurrence of adverse
reactions in both groups was observed and
recorded, including radiation pneumonitis, radi-
ation esophagitis, bone marrow suppression,
skin reactions and gastrointestinal reactions.
The frequency of adverse reactions was calcu-
lated for both groups.

Statistical analysis

Data were analyzed using SPSS 19.0 statisti-
cal software. Measurement data were ex-
pressed as mean * standard deviation (Xs),
with comparisons made using t-test or analy-
sis of variance (ANOVA) with a repeated-mea-
sures design. Count data were expressed as
frequencies (%), and comparisons were made
by the x? test. Multifactorial COX regression
analysis was conducted to identify risk factors
affecting disease progression. A P-value of
<0.05 was considered statistically significant.

Am J Cancer Res 2025;15(4):1777-1789



Gamma knife SBRT on moderately advanced lung cancer

Table 2. Comparison of clinical outcomes between the two groups of patients

Group n CR PR SD PD DCR ORR
Control group (n=108) 108 9 50 25 24 77.78% 54.63%
Experimental group (n=84) 84 12 47 16 9 89.29% 70.24%
x? - - - 4.396 5.382
P - - - 0.036 0.020

Note: CR: Complete Remission; PR: Partial Remission; SD: Stable Disease; PD: Progression Disease; DCR: Disease Control

Rate; ORR: Objective Response Rate.

Table 3. Comparison of pathological features of lung cancer between the two groups of patients

Control group

Experimental group

Projects (n=108) (n=84) t/x? P

Pathological staging Squamous carcinoma 54 43 0.027 0.870
Adenocarcinoma 32 25 0.004 0.984
Small cell carcinoma 15 10 0.164 0.685
Others 7 6 0.033 0.857

Degree of differentiation ~ Middle ground 44 36 0.087 0.768
Low ground 64 48

Tumor location Left lung 60 32 5.772 0.016
Right lung 48 52

Tumor type Central type 50 52 4.623 0.032
Peripheral 58 32

Tumor size <5cm 47 51 5.591 0.018
>5 cm 61 33

Results cases of CR, 47 cases of PR, 16 cases of SD,

Comparison of tumor characteristics between
the two groups

Table 3 illustrates the tumor characteristics of
patients in the two groups. A comparison
revealed that the experimental group had a
higher prevalence of tumors located on the left
side (P=0.016), a lower incidence of central
tumors (P=0.032), and more tumors smaller
than 5 cm (P=0.018). However, no significant
differences were observed between the two
groups in the distribution of tumor types and
the degree of tumor differentiation (P>0.05).

Comparison of short-term outcomes between
the two groups

In the control group (n=108), 9 cases achieved
CR, 58 cases had PR, 25 cases had SD, and
24 cases had PD after conventional radiothe-
rapy, with an ORR of 54.63% and a DCR of
77.78%. In the experimental group (n=84) treat-
ed with gamma knife SBRT, there were 12
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and 9 cases of PD, yielding an ORR of 70.24%
and a DCR of 89.29%. The DCR and ORR in the
experimental group were significantly higher
compared to the control group (both P<0.05,
Table 2).

COX univariate and multivariate analyses

The results of the univariate COX analysis
revealed that treatment method and tumor
size were the primary factors influencing dis-
ease progression in patients. Among these, the
treatment method (gamma knife SBRT) was
identified as a protective factor, while a tumor
size >5 cm was recoghized as a risk factor
(P<0.05). Furthermore, factors with statistical
difference were incorporated into the multivari-
ate COX analysis, which demonstrated that
treatment method (gamma knife SBRT) was an
independent protective factor influencing dis-
ease progression within one year (P<0.05). The
detailed results of the analysis are presented
in Table 4.
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Table 4. COX regression analysis of factors affecting patients with intermediate and advanced lung

cancer

) Univariate analysis Multivariate analysis
Variables

B S.E  Wald x? P HR (95% Cl) B S.E Wald x? P HR (95% CI)

Tumor location

0 1.00 (Reference)

1 0.23 015 2.27 0.13 0.80(0.59-1.07)
Tumor type

0 1.00 (Reference)

1 -0.16 0.15 1.06 0.30 0.86(0.64-1.15)
Modality of radiotherapy

0 1.00 (Reference) 1.00 (Reference)

1 -1.04 0.161 41.818 <0.001 2.83(2.06-3.87) -1.00 0.17 36.51 <0.001 2.72(1.97-3.77)
Tumor size

0 1.00 (Reference)

1 0.33 0.15 490 0.027 1.40(1.04-1.88)

Note: HR: Hazard Ratio; Cl: Confidence Interval.

Table 5. Comparison of blood cell levels between the two groups

Group

Control group

Experimental group

Index (n=108) (n=84) t P
Leucocyte (x10°/L) Before radiotherapy 6.25+1.41 6.17+1.43 0.388 0.699
After radiotherapy 3.88+0.84" 4.21+1.09" 2.370 0.019
neutrophil (x10°/L) Before radiotherapy 4.59+1.06 4.56+0.91 0.207 0.837
After radiotherapy 2.88+0.61" 3.15+0.53" 3.220 0.002
Lymphocyte (x10°/L) Before radiotherapy 1.73+0.35 1.76+£0.42 0.540 0.590
After radiotherapy 0.92+0.26" 1.03+0.21" 3.158 0.002
Red blood cell (x10*?/L)  Before radiotherapy 4.92+1.17 4.88+1.22 0.231 0.818
After radiotherapy 2.85+1.09" 3.24+0.88" 2.671 0.008
Blood platelet (x10°/L) Before radiotherapy 240.15+10.26 238.31+11.25 1.182 0.239
After radiotherapy 195.29+8.79" 199.42+9.25" 3.157 0.002

Note: Compared with the same group before radiotherapy, “P<0.05.

Comparison of blood cell levels between the
two groups

Before radiotherapy, there were no significant
differences between the two groups in terms of
white blood cell counts, neutrophils, lympho-
cytes, erythrocytes, or platelets (all P>0.05);
After radiotherapy, the levels of these parame-
ters decreased (P<0.05), with the experimental
group showing higher values compared to the
control group (P<0.05), the details are shown in
Table 5.

Comparison of morphological changes in
blood cells between the two groups

In the control group, there were 7 cases of
immature granulocyte (IG), 1 case of nucleated
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red blood cells (NRBC), 2 cases of Hemoglobin
concentration variability (HC VAR), 4 cases of
left shift (LS), 10 micro cells (Micro), and 5
cases of macro cells (Macro) before radio-
therapy; During radiotherapy, there were 31
cases of IG, 18 cases of atypical lymphocytes
(ATYPS), 25 cases of NRBC, 17 cases of HC
VAR, 32 cases of LS, 27 cases of Micro, 18
cases of Macro and 15 cases of Large PLT;
After radiotherapy, there were 9 cases of IG, 4
cases of ATYPS, 3 cases of NRBC, 4 cases of
HC VAR, 7 cases of LS, 8 cases of Micro, 6
cases of Macro and 3 cases of Large platelet
(Large PLT).

In the experimental group, there were 4 cases

of 1G, 2 cases of ATYPS, 1 case of NRBC, 3
cases of HC VAR, 5 cases of LS, 9 cases of

Am J Cancer Res 2025;15(4):1777-1789
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Table 6. Comparison of the number of morphological changes in blood cells between the two groups

Group

IG ATYPS NRBC HCVAR LS Micro Macro Large PLT

Before radiotherapy 7
During radiotherapy 33"
After radiotherapy o
Experimental group (n=96) Before radiotherapy 4
During radiotherapy 20™
After radiotherapy 6

Control group (n=96)

1 2 4 10 5 0

18" 25”477 327 27" 18" 18"
4## 3## 4## 7## 8## 6## 3##
1 3 5 9 4 1
119 17" 17 9 8
2% 4 ™ BM 4 2

Note: Compared with the same group before radiotherapy, “P<0.05, “*P<0.01; Compared with the same group during radio-
therapy, #P<0.01; IG: immature granulocyte; NRBC: nucleated red blood cells; HC VAR: Hemoglobin Concentration Variability;
LS: left shift; Micro: micro cells; Macro: macro cells; ATYPS: atypical lymphocytes.

Table 7. Comparison of coagulation function between the two groups

Group

Index Control group (n=108) Experimental group (n=84) t P
PT (s) Before radiotherapy 13.21+0.67 13.35+0.74 1.372 0.172
After radiotherapy 18.01+1.21" 17.44+1.09" 3.380 <0.001
APTT (s) Before radiotherapy 34.10+3.14 35.09+3.88 1.95 0.052
After radiotherapy 26.68+3.13" 28.32+3.39" 3.473 <0.001
Fib (g/L) Before radiotherapy 3.61+0.71 3.58+0.77 0.280 0.780
After radiotherapy 4.25+0.95" 3.75+0.92" 3.668 <0.001
D-D (mg/L) Before radiotherapy 0.55+0.12 0.54+0.11 0.594 0.553
After radiotherapy 0.80+0.11" 0.72+0.13" 4615 <0.001

Note: PT: Prothrombin Time; APTT: Activated Partial Thromboplastin Time; Fib: Fibrinogen; D-D: D-Dimer. Compared with the

same group before radiotherapy, *P<0.05.

Micro, 4 cases of Macro and 1 case of Large
PLT before radiotherapy. During radiotherapy,
there were 20 cases of IG, 8 cases of ATYPS,
11 cases of NRBC, 9 cases of HC VAR, 17 cases
of LS, 19 cases of Micro, 9 cases of Macro and
8 cases of Large PLT. After radiotherapy, there
were 6 cases of IG, 2 cases of ATYPS, 2 cases
of NRBC, 4 cases of HC VAR, 7 cases of LS, 5
cases of Micro, 4 cases of Macro, and 2 cases
of Large PLT.

The morphological changes of all types of
blood cells in both groups were higher after
radiotherapy. However, the control group exhib-
ited more IG, ATYPS, HC VAR, LS, Micro and
Large PLT than the experimental group (P<0.05,
Table 6).

Comparison of coagulation function between
the two groups

Compared to the pre-radiotherapy period, both
groups exhibited significant changes in coagu-
lation parameters, including prolonged PT,
shortened APTT, and increases in Fib and D-D
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levels (all P<0.05). Notably, the coagulation
function-related indices in the experimental
group demonstrated less variation compared
to the control group (P<0.05). The details are
presented in Table 7.

Comparison of quality-of-life scores between
the two groups

There was no significant difference in the
quality-of-life scores between the experimental
group and the control group across all four
domains (all P>0.05). After radiotherapy, these
scores improved in the both groups (P<0.05),
with patients in the experimental group show-
ing higher scores across all four domains com-
pared to the control group (all P<0.05). The
details are presented in Table 8 and Figure 2.

Comparison of the incidence of adverse reac-
tions

Both groups experienced some adverse effe-

cts after radiotherapy, including radiation pneu-
monitis, radiation esophagitis, bone marrow

Am J Cancer Res 2025;15(4):1777-1789
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Table 8. Comparison of quality of life between the two groups

Before radiotherapy

Group

Physiological Psychosocial Society Environment
Control group (n=108) 52.01+5.63 52.5+5.79 51.62+6.33 53.43+5.74
Experimental group (n=84) 51.23+7.78 52.66+7.49 50.25+5.16 53.96+6.95
t 0.80 0.167 1.610 0.588
P 0.422 0.868 0.109 0.564
After radiotherapy
Group - - - - -
Physiological Psychosocial Society Environment
Control group (n=108) 63.02+5.31" 65.12+4.50" 64.46+5.66" 63.38+5.85"
Experimental group (n=84) 65.34+6.09" 67.81+6.06" 67.83+5.69" 65.82+5.65"
t 2.816 3.530 4.083 2.910
P 0.005 <0.001 <0.001 0.004

Note: Compared with the same group before radiotherapy, “P<0.05.
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Figure 2. Comparison of coagulation function parameters between the two
groups before and after radiotherapy. Note: A: PT; B: APTT; C: Level of Fib; D:
Level of D-D. PT: Prothrombin Time; APTT: Activated Partial Thromboplastin
Time; Fib: Fibrinogen; D-D: D-Dimer.

presented in Table 9 and
Figure 3.

Discussion

Lung cancer currently holds
the position of having the
highest incidence and mortal-
ity rates among malignancies
globally [13]. It can be classi-
fied into small cell lung cancer
and non-small cell lung cancer
based on histology, with non-
small cell lung cancer acco-
unting for more than 85% of
cases [14]. Although surgical
resection remains the main-
stay of treatment for lung can-
cer to date [15], the Gamma
Knife is considered one of
the most effective palliative
treatments for patients in the
middle to advanced stages of
the disease. This is especially
true for those who are inoper-
able, cannot tolerate surgery
or chemotherapy, cannot aff-
ord targeted therapies, and

suppression, skin reactions, and gastrointesti-
nal reactions. The control group had 35 cases
of radiation pneumonitis, 27 cases of radiation
esophagitis, 25 cases of bone marrow suppres-
sion, 28 cases of skin reactions, and 27 cases
of gastrointestinal reactions. In comparison,
the experimental group reported significantly
fewer cases: 15, 11, 9, 12, and 11 cases,
respectively (P<0.05). The detailed results are
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have a strong desire to be treated with radio-
therapy [16].

Both body gamma knife and conventional
radiotherapy use radiation to destroy diseas-
ed tissues; however, they differ in treatment
principles and techniques. Conventional radio-
therapy primarily functions therapeutically by
exploiting the differential sensitivity of tumor

Am J Cancer Res 2025;15(4):1777-1789
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Table 9. Comparison of the incidence of adverse reactions between the two groups of patients

Radiation Radiation Bone marrow ) ) Gastrointestinal
Group - - . Skin reaction .
pneumonitis  esophagitis ~ depression reaction
Control group 108 35 25 28 27
Experimental group 84 15 9 12 11
X2 - 5.194 5.013 3.882 4.218
P - 0.023 0.025 0.049 0.040
A B p<0.01 significantly higher DCR, indi-
80- P<0.01 807 — = Control grou i
—= ol group cating that a greater propor-
5] 5 60 &= Experimental group tion of these patients achiev-
B §40_ ed effective disease control.
3 g Additionally, the ORR was al-
£ 20 & 20 so significantly higher in the
experimental group, suggest-
0- N N 0- N N ing that more patients experi-
) ) R ) .
\&0 e & o enced either complete or par-
e‘o&" (@&" & ‘@&(’ tial alleviation of their symp-
\2 .
& & & « toms compared to those in
c b the control group. This further
80+ P<0.01 80 P<0.01 confirming that gamma knife

Society
H o
o o
1 1
Environment
» [~}
o (=]
1 1

N
=]
1
N
=]
1

Hm Control group
= Experimental group

SBRT for patients with inter-
mediate and advanced lung
cancer.

Univariate and multivariate
analysis showed that there
were some differences in the
location and type of tumors
between the two groups, with
more tumors located on the
left side of the lungs in the

Figure 3. Comparison of quality of life between the two groups before and control group than in the

after radiotherapy. A: Physiological dimension; B: Psychosocial dimension; C:

Society dimension; D: Environment dimension.

tissue to radiation compared to normal tissue,
which inevitably leads to some degree of dam-
age to the surrounding healthy tissues [17]. In
contrast, gamma knife represents a high-preci-
sion form of radiotherapy that can be adminis-
tered multiple times or even perform non-inva-
sive ablation of both primary and secondary
lung cancer in a single outpatient session. This
technique involves irradiating the target area
with a large dose to induce radiation necrosis.
Consequently, previous studies have demon-
strated the efficacy of the Gamma Knife in
treating tumor lesions [5, 18]. The findings of
this study suggest a notable distinction in out-
comes between the experimental group and
the control group. Specifically, patients who
underwent the intervention demonstrated a
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experimental group, while the
central type of tumors was
lower than in the experiment-
al group. Further, the factors with differences
and the effect of radiotherapy modality on the
patients’ progression-free survival within one
year were analyzed by COX regression mul-
tivariate analysis, and it was found that the
radiotherapy modality was an independent in-
fluencing factor affecting the prognosis of the
patients, which is basically in line with the
results of the previous. This is basically consis-
tent with the results of the study, and gamma
knife SBRT has a crucial role in prolonging the
survival of patients.

The results of this study indicated that after
radiotherapy, the levels of white blood cells,
neutrophils, lymphocytes, red blood cells, and
platelets in both the control and radiation
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groups showed a reduction when compared to
their levels before radiotherapy. Notably, the
decrease in cell counts was significantly great-
er in the control group. The reduction in these
cell types was more pronounced in the control
group than in the experimental group. This is
consistent with the research of Juliana Matiello
et al. [19] and Sophia Kastle et al. [20] which
indicates that radiotherapy can have a signifi-
cant impact on the levels of blood cells in
patients. This phenomenon may be attributed
to the impact of radiotherapy, where radiation
passing through bone tissue affects the divi-
sion and reproduction of various types of pro-
genitor blood cells in the bone marrow, leading
to a decline in the counts of these cells in the
bloodstream [21]. Among these, the white
blood cell count is a reliable indicator of the
body’s inflammatory and immune status [22].
An increase in white blood cell count typically
occurs during infection. Research indicates
that over 50% of lung cancer patients experi-
ence a decrease in white blood cell counts
post-radiotherapy. This outcome not only pro-
longs the duration of radiotherapy for patients
but may also increase the risk of infection,
potentially endangering their lives [23]. Neu-
trophils, which constitute 40% to 75% of total
white blood cells, serve as the first line of
defense against infections and are crucial in
tumor progression [24]. Platelets exhibit simil-
ar behavior; when stimulated by tumors, the
body can exhibit symptoms akin to inflamma-
tory responses. The aggregation of platelets
and the release of platelet-derived pro-angio-
genic mediators contribute to tumor growth
[25, 26]. Additionally, lymphocytes and red
blood cells are vital for both cellular and hu-
moral immunity. During radiotherapy, radiation
can suppress the body’s immune function.
Therefore, in clinical practice, it is essential to
avoid excessive irradiation doses to mitigate
the immunosuppressive effects of radiothe-
rapy. Moreover, Microscopy can be used to
observe the size and morphology of red blood
cells, as well as changes in the abnormal
structures of the cells. It also allows for the
detection of changes in the number of white
blood cells and neutrophils, such as whether
there is a left or right shift in the nucleus,
toxicity changes, or the presence of immature
cells. The study indicates that changes in blood
cell morphology after radiation therapy are
fewer in the experimental group compared to
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the control group. By directly observing chang-
es in the morphology of peripheral blood cells,
the recovery pf patients with myelosuppression
can be monitored more effectively [10].

According to statistics, more than half of tu-
mor patients exhibit coagulation abnormalities,
with PT reflecting the activity of various coagu-
lation factors and providing insight into the
exogenous coagulation function. APTT, on the
other hand, reflects to the activity of endoge-
nous coagulation factors and the level of pro-
thrombin [27]. In addition, Fib, a key factor in
the coagulation system, plays an indispen-
sable role in the coagulation system, and
changes in its level are closely related to the
occurrence and development of various dis-
eases [28]. Mayne et al. [29] found that Fib
participates in the blood coagulation process
and promotes the formation of thrombus, which
acts as a protective barrier for tumor cells, facil-
itating their survival and metastasis in the
bloodstream; It also interacts with inflammato-
ry cells around the tumor, promoting the forma-
tion of an inflammatory response and tumor
microenvironment, creating favorable condi-
tions for tumor growth and metastasis. D-D
is a fibrinolytic products in the blood, and its
level reflects the balance between the body’s
coagulation and fibrinolytic systems [30, 31].
The findings of our research indicated that
both groups experienced an increase in PT
after radiotherapy, with a more significant pro-
longation observed in the control group com-
pared to the experimental group. Similarly,
APTT decreased in both groups, with a more
pronounced shortening in the control group
than in the experimental group. Moreover, both
groups showed elevated levels of Fib and D-D,
with the rise in these markers being more
substantial in the control group than in the
experimental group. This suggests that the
coagulation function of patients with advanced
lung cancer patients is abnormal, and both
radiotherapy modalities can exacerbate this
abnormal coagulation state. However, Gamma
Knife Stereotactic Radiotherapy appears to
cause less damage to vascular endothelial
cells and coagulation function, effectively re-
duces the incidence of thromboembolic dis-
ease. The results obtained are largely consis-
tent with those reported by Bentsen KK et al.
[32] in their study on stereotactic radiosurgery
for patients with local non-small cell lung can-
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cer. In blood samples collected before and
after SBRT treatment, platelet aggregation lev-
els were reduced compared to those prior to
treatment yet remained within the reference
range. This finding suggests that SBRT does
not impact thrombin production in vivo or in
vitro, nor does it affect platelet aggregation.

In this study, it was found that both groups of
patients experienced radiation pneumonitis,
radiation esophagitis, bone marrow suppres-
sion, varying degrees of skin reactions, and
gastrointestinal reactions; however, the fre-
quency of these adverse events was lower in
the experimental group compared to the con-
trol group. Adverse radiation reactions, or radi-
ation damage, following radiotherapy represent
unnecessary radiological changes and thus
warrant significant clinical attention [33]. Cu-
rrently, there is no definitive conclusion regard-
ing the actual incidence of adverse radiation
reactions in gamma knife SBRT. However,
research indicates that patients undergoing
this treatment may begin to exhibit symptoms
within 18 months, with over 75% of lesions
developing within the same period. These
lesions generally resolve within 22 months,
with only a small proportion remaining as
permanent lesions [34, 35]. Moreover, these
changes are not disease-specific, suggesting
that despite the high doses of radiation used in
gamma knife SBRT for targeted irradiation,
there is no corresponding increase in adverse
reactions among patients’ post-treatment.

A comparison of the WHOQOL-BERF scores
across various dimensions after radiotherapy
revealed that the experimental group scored
higher than the control group. This finding sug-
gests that Gamma Knife SBRT can enhance
the quality of survival for patients with interme-
diate and advanced lung cancer. This improve-
ment may be attributed to the precise three-
dimensional distribution of the high-dose radia-
tion delivered by Gamma Knife SBRT, which
effectively minimizes the irradiated dose and
volume to surrounding healthy tissues. By con-
trolling the dose and volume of radiation to
adjacent normal tissues, the treatment re-
duces the adverse effects of irradiation, facili-
tates quicker recovery post-treatment and ulti-
mately improves the overall quality of survival
for these patients.
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This study has several limitations. Firstly, as a
retrospective analysis, there may be selection
bias in the sample selection. Secondly, due to
the limited sample size, we were unable to
include additional radiation parameters for
analysis. Finally, the follow-up period after
radiotherapy was relatively short; therefore,
longer follow-up is required to confirm the long-
term effects of Gamma Knife SBRT in future
studies.

Conclusion

Gamma Knife SBRT is an effective and relative-
ly safe treatment option for patients with inter-
mediate and advanced lung cancer. This effi-
cacy is demonstrated by the high DCR and
ORR, minimal damage to peripheral blood cell
levels and morphology, as well as coagulation
function, and a low incidence of adverse ef-
fects. Furthermore, this treatment contributes
to the improvement of patients’ quality of life
following therapy.
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