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Abstract: Objective: To identify risk factors for moderate-to-severe pain after CyberKnife treatment in patients with
hepatitis B virus - related liver cancer and to develop a predictive nomogram. Methods: This retrospective study in-
cluded 169 patients treated between April 2021 and August 2022 as the derivation cohort, and 132 patients treat-
ed between September 2022 and October 2024 as the validation cohort, all at the Fifth Medical Center of Chinese
PLA General Hospital. Univariate and multivariate logistic regression analyses were conducted in the derivation
cohort to identify independent predictors, which were then incorporated into a nomogram. Predictive performance
was evaluated using receiver operating characteristic (ROC) curves in both cohorts. Results: Moderate-to-severe
postoperative pain occurred in 57/169 patients (33.73%) in the derivation cohort and 45/132 (34.09%) in the
validation cohort. Multivariate analysis identified four independent risk factors: tumor invasion of the liver capsule,
Child-Pugh class B, cirrhosis, and tumor size 25 cm (all P<0.05). The nomogram achieved an AUC of 0.700 in the
derivation cohort and 0.685 in the validation cohort, indicating acceptable discrimination. Conclusions: Tumor prox-
imity to the liver capsule, impaired baseline liver function, cirrhosis, and large tumor size were significant predic-
tors of moderate-to-severe postoperative pain after CyberKnife treatment. The developed nomogram demonstrated
robust internal and external validity, offering a practical tool for preoperative risk stratification and individualized
analgesic planning.
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Introduction Most previous studies have addressed pain
symptoms and empirical treatments (e.g., opi-
oids) without systematically exploring risk fac-

tors in the HBV-related HCC population [7, 8].

Hepatitis B virus (HBV) infection is a major
risk factor for hepatocellular carcinoma (HCC),

accounting for approximately 54% of global
HCC cases [1]. Precision radiotherapy, particu-
larly CyberKnife, has become a critical option
for inoperable or surgically intolerant HCC
patients due to its high accuracy, noninvasive-
ness, and minimal damage to surrounding tis-
sues [2, 3]. Despite its advantages in local
tumor control, CyberKnife therapy can cause
adverse effects, with moderate-to-severe pain
being a notable clinical challenge [4]. Such pain
may result from radiation-induced liver injury,
tumor necrosis, or inflammatory responses in
adjacent organs [5, 6].

Although thrombocytopenia and impaired liver
function have been tentatively linked to pain
intensity, these investigations often overlook
HBV-specific features, such as the high preva-
lence of liver fibrosis/cirrhosis and exposure
to antiviral therapy [9, 10]. Furthermore, stud-
ies rarely distinguish between HCC etiologies
(HBV vs. HCV or alcohol-related), despite dis-
tinct tumor microenvironments and treatment
responses [11, 12].

Chronic HBV infection often progresses to cir-
rhosis, altering the hepatic microenvironment
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through sinusoidal capillarization and capsular
fibrosis, which may increase mechanical sen-
sitivity and hinder tissue repair after radiother-
apy [13]. Inadequate antiviral therapy, with
persistent viral replication, could exacerbate
radiation-induced inflammation, yet this inter-
action remains poorly studied [14]. Existing risk
assessment tools seldom incorporate HBV-
specific findings (e.g., Child-Pugh status, cirrho-
sis history) [15].

This study aims to identify independent risk
factors for moderate-to-severe pain in HBV-
related HCC patients after CyberKnife treat-
ment, develop and validate a nomogram for
individualized pain risk prediction. This should
provide a tailored framework for optimizing
postoperative analgesic strategy in this high-
prevalence subgroup.

Materials and methods

This retrospective study included 169 patients
with HBV - related HCC who underwent Cy-
berKnife treatment at the Fifth Medical Center
of Chinese PLA General Hospital between April
2021 and August 2022 as the modeling cohort.
An additional 132 patients treated between
September 2022 and October 2024 served as
the validation cohort. The study was approved
by the Ethics Committee of the Fifth Medical
Center of Chinese PLA General Hospital. All pro-
cedures involving human participants were
conducted in accordance with the Declaration
of Helsinki (as revised in 2013).

Inclusion criteria

Radiologic (contrast-enhanced CT/MRI) or his-
topathologic confirmation of HCC [16]; eviden-
ce of HBV infection (HBsAg positivity or serum
HBV DNA >20 IU/mL); completion of standard-
ized CyberKnife stereotactic body radiotherapy
(prescription dose: 30-50 Gy in 3-5 fractions,
target coverage >95%); age >18 years; Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status <2; available data on liver func-
tion (Child-Pugh classification), tumor charac-
teristics (diameter, proximity to liver capsule
<1 cm, vascular invasion), cirrhosis status
(imaging or histopathologic confirmation), HBV
virological markers (DNA load, history of antivi-
ral therapy), and comorbidities (hypertension,
diabetes).
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Exclusion criteria

Patients with other malignancies or pain from
causes unrelated to liver cancer (e.g., abdomi-
nal infection, bone metastases); those with
pre-existing moderate-to-severe pain or a his-
tory of long-term opioid use; patients receiving
combined local therapies (e.g., radiofrequency
ablation) or systemic chemotherapy alongside
radiotherapy; patients with mental illness or
inability to complete pain assessments; and
those with severe cirrhosis-related complica-
tions (e.g., Child-Pugh class C, hepatic ence-
phalopathy) that could confound postoperative
pain evaluation.

Pain assessment

One week after treatment, pain was assessed
using the Numerical Rating Scale (NRS), a vali-
dated patient-reported tool for quantifying pain
intensity [7]. Scores range from O (no pain) to
10 (worst imaginable pain), with higher scores
indicating greater intensity. Patients with NRS
>4 were classified as having moderate-to-
severe pain. In such cases, intramuscular tra-
madol or morphine was administered for an-
algesia.

Data collection

Data on possible factors associated with mod-
erate-to-severe pain were collected before and
after treatment, including sex, age, educational
level, hypertension, diabetes, HBV status, cir-
rhosis [17], HBV DNA quantification [18], Child-
Pugh classification [19], tumor size, tumor inva-
sion of the liver capsule (£1 cm) [20], tumor
location, number of tumors, and vascular inva-
sion [14].

Statistical analysis

Analyses were performed using SPSS version
29.0 (SPSSInc., Chicago, IL, USA). Non-normally
distributed continuous variables were analyz-
ed using the Kruskal-Wallis or Mann-Whitney
U tests. Categorical variables, expressed as
counts and percentage, were compared using
the chi-square test. Nomogram construction
was performed in Python (version 3.13) using
the scikit-learn (version 1.0.2) and matplotlib
(version 3.5.1) libraries. Independent risk fac-
tors identified by multivariate logistic regres-
sion (tumor invasion of the liver capsule, Child-
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Pugh class B, cirrhosis, and tumor size =25 cm)
were assigned scores based on regression
coefficients. The total score, obtained by sum-
ming individual factor scores, was mapped to
the “Risk” axis to estimate the probability of
moderate-to-severe postoperative pain. ROC
curves were generated using predicted proba-
bilities from the nomogram and actual pain out-
comes (O = no, 1 = yes). The area under the
curve (AUC) was calculated to assess predictive
performance. Graphs, including the nomogram
and ROC curve, were generated using built-in
statistical software functions. A P-value <0.05
was considered significant. Unless otherwise
specified, values are expressed as mean =+
standard deviation.

Results
Comparison of clinical data

Baseline characteristics did not differ signifi-
cantly between the cohorts. Variables including
age, sex, educational level, hypertension, dia-
betes, HBV DNA quantification, cirrhosis, Child-
Pugh classification, tumor size, tumor invasion
of the liver capsule, and other clinical findings
were comparable (all P>0.05), indicating bal-
anced baseline profiles (Table 1).

In the derivation cohort, 57 of 169 patients
experienced moderate-to-severe postoperative
pain, yielding an incidence of 33.73%. In the
validation cohort, 45 of 132 patients (34.09%)
reported moderate-to-severe pain.

Univariate analysis in the derivation cohort

Univariate analysis identified five factors signi-
ficantly associated with moderate-to-severe
postoperative pain (all P<0.05; Table 2):
Cirrhosis of the liver (OR = 1.847, 95% CI:
1.203-2.837, P = 0.009); Child-Pugh class B
(OR = 1.623, 95% CI: 1.152-2.286, P = 0.006);
Tumor size 25 cm (OR = 2.113, 95% Cl: 1.305-
3.142, P = 0.005); Tumor invasion of liver cap-
sule (OR = 1.610, 95% CI: 1.017-2.418, P =
0.030); Vascular invasion (OR = 2.514, 95% Cl:
1.503-4.152, P<0.001).

No significant associations were found for
age, BMI, serum albumin, total bilirubin, AFP,
CyberKnife dose, educational level, hyperten-
sion, diabetes, HBV DNA quantification, tumor
location, tumor number, smoking, alcohol use,
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BCLC stage, portal vein tumor thrombus, tar-
geted therapy use, or opioid usage rate (all
P>0.05).

Multivariate logistic regression in the deriva-
tion cohort

Variables significant in the univariate analysis
were entered into a multivariate logistic regres-
sion model (coding shown in Table 3). Four
factors remained independently associated
with moderate-to-severe postoperative pain
(all P<0.05; Table 4): Tumor invasion of liver
capsule (OR = 3.853, 95% CI: 2.107-7.048,
P<0.001); Child-Pugh class B (OR = 2.953, 95%
Cl: 1.652-5.283, P = 0.001); Cirrhosis of the
liver (OR = 2.483, 95% CI: 1.352-4.562, P =
0.004); Tumor size 25 cm (OR = 2.623, 95% CI:
1.482-4.643, P = 0.002).

Nomogram construction

A nomogram was developed based on these
four independent predictors (Figure 1). The pre-
diction formula was: Linear Predictor (LP) =
1769 x X, +1.703 x X, + 1.622 x X, + 1.576 x
X,- Where X, = tumor invasion of the liver cap-
sule (O = No, 1 = Yes), X, = Child-Pugh class
(0 =A, 1=B), X, =cirrhosis (0 = No, 1 = Yes),
X, =tumor size (0 = <5 cm, 1 =25 cm).

The probability of moderate-to-severe pain was
calculated as P = 1/[1 + exp(-LP)].

Each variable was assigned a point value pro-
portional to its regression coefficient. The sum
of these points was mapped to the “Risk” axis
to provide an individualized pain probability,
supporting tailored analgesic planning.

ROC curve analysis

ROC curve analysis in the derivation cohort
yielded an AUC of 0.700, indicating accepta-
ble discrimination for predicting moderate-to-
severe postoperative pain (Figure 2).

Discussion

HBV-related HCC remains a significant global
health challenge, with oncogenesis strongly
linked to chronic HBV infection [21, 22]. Cy-
berKnife stereotactic body radiotherapy, noted
for its submillimeter precision and real-time
image guidance, is an established treatment
for unresectable HCC [23, 24]. However, as its
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Table 1. Comparison of clinical data

Variable Modeling group (n = 169) Validation group (n = 132)  x2/t P

Age (years) 57.8+17.37 60.14+16.56 -1.185 0.237

Age
>60 years 96 (56.80) 85 (64.39) 5.006 0.025
<60 years 73 (43.20) 46 (35.61)

Gender
Male 106 (62.72) 116 (61.36) 0.002 0.963
Female 63 (37.28) 16 (38.64)

Level of education
High school and below 44 (26.04%) 46 (34.85%) 2.342 0.126
College and above 125 (73.96%) 86 (65.15%)

Hypertension
Yes 133 (78.7%) 93 (70.45%) 2.27 0.132
No 36 (21.3%) 39 (29.55%)

Diabetes
Yes 149 (88.17%) 113 (85.61%) 0.233 0.629
No 20 (11.83%) 19 (14.39%)

Hepatitis B virus quantitative
<1000 copies/ml 82 (48.52%) 50 (37.88%) 2.99 0.084
>1000 copies/ml 87 (51.48%) 82 (62.12%)

Cirrhosis of the liver
Yes 86 (50.89%) 57 (43.18%) 1.469 0.225
No 83 (49.11%) 75 (56.82%)

Child-Pugh classification
A 77 (45.56%) 55 (41.67%) 0.312 0.576
B 92 (54.44%) 77 (58.33%)

Tumor size
>5cm 103 (60.95%) 73 (55.3%) 0.754 0.385
<5cm 66 (39.05%) 59 (44.7%)

Tumor invasion of liver capsule
Yes 95 (56.21%) 68 (51.52%) 0.483 0.487
No 74 (43.79%) 64 (48.48%)

Tumor location
Peripheral type 104 (61.54%) 71 (53.79%) 1.525 0.217
Central type 65 (38.46%) 61 (46.21%)

Number of tumors
Individual 62 (36.69%) 53 (40.15%) 0.244 0.621
Multiple 107 (63.31%) 79 (59.85%)

Vascular invasion
Yes 87 (51.48%) 54 (40.91%) 2.915 0.088
No 82 (48.52%) 78 (59.09%)

Smoking history (pack-years >10)
Yes 107 (63.31%) 81 (61.36%) 0.051 0.821
No 62 (36.69%) 51 (38.64%)

Alcohol consumption (g/day >30)
Yes 113 (66.86%) 85 (64.39%) 0.106 0.745
No 56 (33.14%) 47 (35.61%)

Body mass index (BMI, kg/m?) 23.64+2.93 23.87+3.39 -0.625 0.532

Serum albumin (g/L) 40.02+5.63 39.78+5.2 0.376 0.707
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Total bilirubin (umol/L)
Alpha-Fetoprotein (AFP, log ng/mL)
Maximum tumor size (cm)
BCLC stage (B/C)
B
C
Portal vein tumor thrombus
Yes
No
CyberKnife dose (Gy)
Proportion of combined targeted therapy
Yes
No
Opioid usage rate
Opioid use
No opioid use
Moderate-to-severe pain rate
Moderate
Severe

17.74+9.75
2.45+1.05
4.97+2.4

47 (27.81%)
122 (72.19%)

144 (85.21%)
25 (14.79%)
50.8+4.24

149 (88.17%)
20 (11.83%)

84 (49.7%)
85 (50.3%)

112 (66.27%)
57 (33.73%)

17.68+9.42 0.057 0.955
2.58+1.05 -1.086 0.278
5.23+2.33 -0.953 0.341
0.001 0.998
37 (28.03%)
95 (71.97%)
0.011 0.916
111 (84.09%)
21 (15.91%)
50.11+4.23 1.399 0.163
2.958 0.085
106 (80.3%)
26 (19.7%)
0.558 0.455
59 (44.7%)
73 (55.3%)
0.004 0.948

87 (65.91%)
45 (34.09%)

Table 2. Univariate analysis results

Variable OR (95% Cl) P-value
Age 0.989 (0.971-1.007) 0.227
BMI 0.934 (0.837-1.042) 0.221
Serum albumin 0.954 (0.900-1.011) 0.110
Total bilirubin 1.035 (0.997-1.075) 0.070
AFP 1.031 (0.744-1.429) 0.855
Max tumor size 0.972 (0.851-1.109) 0.671
CyberKnife dose 0.959 (0.890-1.035) 0.281
Level of education 0.565 (0.280-1.140) 0.111
Hypertension 0.885 (0.407-1.928) 0.759
Diabetes 0.754 (0.274-2.076) 0.585
Hepatitis B virus quantitative 0.541 (0.286-1.025) 0.060
Cirrhosis of the liver 1.847 (1.203-2.837) 0.009
Child-Pugh class B 1.623 (1.152-2.286) 0.006
Tumor size 25 cm 2.113(1.305-3.142) 0.005
Tumor invasion of liver capsule 1.612 (1.017-2.418) 0.030
Tumor location 0.711 (0.368-1.374) 0.310
Number of tumors 0.645 (0.337-1.233) 0.185
Vascular invasion 2.514 (1.503-4.152) <0.001
Smoking history (pack-years >10) 0.798 (0.412-1.545) 0.503
Alcohol consumption (g/day >30) 0.902 (0.460-1.768) 0.763
BCLC stage (B/C) 0.582 (0.292-1.159) 0.124
Portal vein tumor thrombus 0.668 (0.262-1.703) 0.398
Proportion of combined targeted therapy 0.754 (0.274-2.076) 0.585
Opioid usage rate 0.583 (0.308-1.103) 0.097

use expands, postoperative pain has emerged
as a critical factor influencing treatment tolera-
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bility and patient quality of life.
Radiation-induced liver injury -
associated pain involves com-
plex mechanisms, including
hepatic capsule stretching, in-
flammatory mediator release
(e.g., prostaglandin E2, brady-
kinin), and peripheral nerve
sensitization [25, 26]. Althou-
gh tumor location and baseline
liver function have been impli-
cated in pain risk, systematic
risk factor analysis tailored to
HBV-related HCC - character-
ized by distinct fibrosis - cirrho-
sis pathways and antiviral ther-
apy contexts - remains limited
[27, 28]. This gap hampers
early identification and preven-
tive analgesia, compromising
adherence and long-term out-
come.

Our multivariate analysis iden-
tified four independent pre-
dictors of moderate-to-severe
postoperative pain: tumor inva-
sion of the liver capsule, Child-
Pugh class B, cirrhosis, and
tumor size 25 cm. Capsule-
adjacent tumors (<1 cm) had

the highest impact, likely due to radiation-
induced capsular edema amplifying mechani-
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Table 3. Multi-factor analysis assignment table

Factor The assignment
Cirrhosis of the liver No=0;Yes=1
Child-Pugh B A=0;B=1
Tumor size <5cm=0;>5cm=1
Tumor invasion of liver capsule No=0;Yes =1
Vascular invasion No=0;Yes=1
Table 4. Multivariate Logistic regression analysis
Factor b S.E X2 P OR 95% ClI
Tumor invasion of liver capsule 1.348 0.308 19.110 <0.001 3.853 2.107-7.048
Child-Pugh class B 1.083 0.297 13.320 <0.001  2.953 1.652-5.283
Cirrhosis of the liver 0.910 0.311 8.580 0.003 2.483 1.352-4.562
Tumor size 25 cm 0.964 0.291 10.960 0.001 2.623 1.482-4.643
0 20 40 60 80 100 dictive performance in the valida-
Points r tion cohort, likely due to rigorous
Adjacent to the liver NO _case selecti0|_n and highly standard-
capsule i ized CyberKnife treatment parame-
A ters, ensuring robust discrimination
Child-Pugh T I across heterogeneous patient po-
i pulations. Clinically, patients with
Cirrhosis of the liver . Ne multiple concurrent risk factors may
yes benefit from a stepwise preventive
Tumor diameter . <5cm fanalgesic 'strategy - SL'JCh.a.S combjn-
25¢m ing selective COX-2 inhibitors with
weak opioids - to address both
Total Points | SRR 0 00 peripheral inflammatory responses
and central sensitization, consis-
Linear Predictor YL T A S B S R tent with the multimodal analgesia
concept advocated by the Inter-
Risk T T T ] national Association for the Study of
0.2 04 06 0.8

Figure 1. Nomogram
operative pain.

cal tension and nociceptor activation [29-31].
Child-Pugh class B patients had a 5.49-fold
higher risk, possibly reflecting impaired clear-
ance of pro-nociceptive mediators [13, 32, 33].
Cirrhosis increased risk through microcircula-
tory dysfunction and capsular fibrosis [14, 15,
34].

Larger tumors (=5 cm) exhibited a clear “vol-
ume effect”, in which higher radiation doses
were required, leading to more extensive pa-
renchymal injury and direct compression of
peritumoral nerves [35-37]. The nomogram
developed in this study maintained stable pre-
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Pain [38, 39].

model for predicting moderate to severe post-

Our findings align with existing liter-

ature. Tumor invasion of the liver

capsule has been widely recognized
as a strong pain trigger due to the capsule’s
rich innervation and susceptibility to mechani-
cal stretch or inflammation from radiation-in-
duced edema or tumor progression [40, 41].
Cirrhosis similarly increases susceptibility to
pain through fibrotic remodeling and microcir-
culatory alterations that enhance tissue sensi-
tivity to radiation injury [42, 43]. Impaired liver
function, as reflected in higher Child-Pugh clas-
sification, may further contribute by reducing
the clearance of pro-inflammatory mediators,
thereby lowering pain thresholds [16, 44, 45].
Larger tumors not only demand higher radia-
tion doses but also exert greater mechanical
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