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Purpose: To investigate the incidence patterns and risk factors of acute abdominal pain following hepatic arterial infusion 
chemotherapy (HAIC) in liver cancer patients and develop a preliminary prediction model for post-HAIC abdominal pain.
Patients and Methods: Four hundred hepatocellular carcinoma patients who underwent HAIC at the Affiliated Cancer Hospital of 
Shandong First Medical University from January 2021 to March 2023 were retrospectively analyzed. The patients were categorized 
into two groups (abdominal pain and no abdominal pain) based on the occurrence of acute moderate to severe abdominal pain within 
24 h after HAIC. Univariate analysis was performed on data from the two groups. Statistically significant factors were subjected to 
logistic regression analysis to construct a preliminary prediction model, and the predictive performance was evaluated.
Results: A total of 358 hAIC procedures were performed in 242 patients who met the inclusion criteria. Of the 242 eligible patients, 
88 (36.4%) experienced moderate to severe abdominal pain, while 154 (63.6%) had no significant pain. Age, tumor diameter, distance 
between the tumor and liver capsule, presence of portal vein tumor thrombus, oxaliplatin preparation time, and oxaliplatin manu-
facturer were independent predictors of acute moderate to severe abdominal pain following HAIC. The final prediction model 
demonstrated good predictive ability with an area under the receiver operating characteristic curve of 0.795 (95% confidence interval: 
0.740–0.853).
Conclusion: The model developed in this study effectively predicted the risk of acute moderate to severe abdominal pain following 
HAIC and may provide a basis for more precise prevention and intervention strategies in clinical practice.
Keywords: hepatocellular carcinoma, hepatic arterial infusion chemotherapy, abdominal pain, risk factors

Introduction
Hepatocellular carcinoma (HCC) represents a significant global health burden, ranking as the sixth most prevalent 
malignancy worldwide and the third leading cause of cancer-related mortality.1 The insidious nature of the onset of HCC, 
coupled with challenges in early detection, results in 25–70% of patients being initially diagnosed at intermediate to 
advanced stages, thereby precluding curative surgical interventions; the median survival time in such cases is dismal, 
ranging from 4.2 to 7.9 months.2 Current evidence-based guidelines, both national and international, recommend 
systemic therapies, such as sorafenib or lenvatinib, or locoregional treatments, like transcatheter arterial chemoemboliza-
tion (TACE), as first-line management strategies for intermediate to advanced HCC.3,4 However, the long-term efficacy 
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of these therapeutic modalities remains suboptimal. Consequently, there is an urgent need to explore more effective 
treatment approaches and strategies to improve the prognosis of patients with advanced HCC.

The liver’s unique dual blood supply system is characterized by the perfusion of the normal hepatic tissues by the 
portal vein, while approximately 90% of the blood supply to HCC lesions is derived from the hepatic artery.5 Hepatic 
arterial infusion chemotherapy (HAIC) has emerged as a pivotal interventional treatment modality for HCC, demonstrat-
ing remarkable therapeutic efficacy by maximizing antitumor effects while concurrently minimizing damage to normal 
hepatic parenchyma and reducing systemic toxicities.6 HAIC offers several significant advantages over conventional 
intravenous chemotherapy: it facilitates the administration of high-concentration chemotherapeutic agents directly to the 
tumor site, enhancing local drug delivery; it significantly reduces the incidence of systemic toxicities, thereby improving 
treatment adherence and patient quality of life;7 and it potentially overcomes tumor drug resistance mechanisms, leading 
to higher disease response rates and improved clinical outcomes. Thus, HAIC demonstrates the potential for managing 
HCC, particularly in patients with advanced tumor stages or those unable to undergo conventional therapies.

Despite the proven efficacy of HAIC in treating intermediate to advanced hepatocellular carcinoma, it is imperative to 
address the adverse reactions and complications associated with this treatment modality.8 Acute abdominal pain is the 
most prevalent complication of HAIC, with some patients experiencing severe pain during arterial chemotherapy 
administration, which can significantly impede post-operative recovery; in severe cases, it may lead to treatment 
discontinuation or refusal of subsequent interventions.

Recent studies have demonstrated HAIC’s therapeutic potential in advanced HCC treatment, particularly when 
combined with emerging therapeutic modalities. A meta-analysis by Yu et al revealed that combining HAIC with 
immunotherapy and anti-angiogenic agents yielded superior outcomes, achieving an objective response rate of 45.6% 
(95% CI: 35.2–56.4%).9 The FOLFOX-based HAIC regimen has shown notable efficacy in unresectable HCC, with Lin 
et al reporting a median progression-free survival of 8.9 months and an objective response rate of 52.3% when integrated 
with targeted therapy and immunotherapy. However, treatment-related adverse events, particularly abdominal pain 
(reported in approximately 35% of patients), remain a significant clinical challenge.10

The successful implementation of HAIC necessitates rigorous safety protocols and standardized management 
strategies. Janczewski et al11 demonstrated that while HAIC can be safely administered in specialized centers, optimal 
outcomes depend on careful patient selection and systematic complication management protocols. The pathophysiology 
of post-HAIC pain encompasses multiple mechanisms, including chemotherapy-induced vascular effects, inflammatory 
responses to tumor necrosis, potential ischemic complications, and individual pain sensitivity factors. Evidence suggests 
that implementing standardized pain management protocols, incorporating pre-emptive analgesia and optimized drug 
administration timing, can effectively mitigate post-HAIC pain complications.

The present study aimed to analyze the risk factors associated with moderate to severe abdominal pain after HAIC. The 
findings may provide valuable insights into implementing preventive pain management strategies, thereby improving treatment 
adherence and patient outcomes. The objective was to optimize the HAIC protocol by identifying and understanding the risk 
factors to minimize the adverse effects and maintain the therapeutic benefits in the management of advanced HCC.

Patients and Methods
Patients
Consecutive HCC patients treated with HAIC at the Affiliated Cancer Hospital of Shandong First Medical University 
from January 2021 to March 2023 were retrospectively analyzed (Figure 1). The inclusion criteria were as follows: 
a diagnosis of primary HCC confirmed by clinical and/or pathological examination;12 age >18 years; Eastern Cooperative 
Oncology Group performance status (ECOG PS) score of 0–2; life expectancy >3 months; Child-Pugh class A or B liver 
function; and no significant preoperative pain symptoms or history of long-term analgesic use. The exclusion criteria 
included incomplete clinical data, concomitant malignancies of other types, and severe comorbidities prior to treatment.

This study was approved by the Institutional Ethics Review Board of Shandong Cancer Hospital and Institute, 
affiliated with Shandong First Medical University (Jinan, Shandong Province, China; (No. SDTHEC202408021). It was 
conducted in accordance with the principles of the Declaration of Helsinki. The requirement for written informed consent 
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was waived due to the retrospective nature of the study. This retrospective study was conducted and reported in 
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for 
cohort studies.

Observation Indicators and Evaluation Criteria
The patients were stratified into two groups based on the occurrence of pain within 24 h post-HAIC: abdominal pain and 
no abdominal pain. Clinical data, encompassing the demographic characteristics (sex, age), disease-related factors 
(Barcelona Clinic Liver Cancer [BCLC] stage, tumor number, alpha-fetoprotein [AFP] level, and Child-Pugh classifica-
tion), treatment-related factors (oxaliplatin manufacturer, oxaliplatin preparation time, diameter of the catheterized 
hepatic artery, and intra-arterial lidocaine application), and patient status (ECOG PS score), were collected and compared 
between the two groups. The variables were subjected to analysis to elucidate their potential influence on the occurrence 
of abdominal pain following HAIC in patients with HCC.

Pain intensity was evaluated using the Visual Analog Scale (VAS), a validated 11-point scale ranging from 0 (no pain) 
to 10 (worst pain imaginable).13 The pain severity was categorized as follows: 0 (no pain), 1–3 (mild pain), 4–6 
(moderate pain), and 7–10 (severe pain). VAS scores were recorded at 0, 2, 4, 6, 12, and 24 h after HAIC treatment. The 
highest score recorded during this 24-h period was utilized as the final pain score for subsequent analysis, providing 
a comprehensive assessment of the peak pain intensity experienced by each patient following the HAIC procedure.

HAIC Procedure
The HAIC protocols involved FOLFOX (5-fluorouracil, leucovorin, and oxaliplatin) with catheter placement through the 
femoral artery, and the procedures were comparable to those reported previously.8,14 Intraoperatively, the gastroduodenal 
artery was embolized as required using a microspring coil, and the microcatheter was inserted into the principal blood 
supply artery of the tumor. All chemotherapeutic agents were infused via microcatheter arterial infusion using the 
following protocol: 85 or 130 mg/m2 of oxaliplatin drip for 2 h, 400 mg/m2 calcium folinic acid drip for 2 h, and 400 mg/ 

Figure 1 Flowchart Regarding Participant Selection Process.
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m2 5 fluorouracil regimen followed by 2400 mg/m2 continuous infusion for 46 h. The therapy was repeated every 
3–4 weeks for a maximum of six cycles.

Statistical Analyses
SPSS 26.0 software was used for data analysis. Continuous variables conforming to normal distribution were expressed 
as the mean ± standard deviation and analyzed using the independent sample t-test. Continuous variables not conforming 
to normal distribution were expressed as the median and interquartile range and analyzed using the Mann–Whitney 
U-test. Categorical variables were analyzed using the χ2 test. Initial comparisons between the abdominal pain and no 
abdominal pain groups were performed using Student’s t-test for continuous variables and Chi-square test for categorical 
variables. Subsequently, univariate logistic regression analysis was conducted to identify potential risk factors associated 
with post-HAIC acute moderate to severe abdominal pain. Variables with P < 0.05 in the univariate analysis were then 
included in the multivariate logistic regression model. A logistic regression model was used to analyze the risk factors for 
acute moderate to severe abdominal pain after HAIC. A P-value of <0.05 was considered statistically significant.

Results
Patient Characteristics and Patterns of Abdominal Pain
A total of 242 eligible patients with intermediate to advanced HCC undergoing HAIC were enrolled in this study (Table 1). The 
cohort, comprising 188 males (77.7%) and 54 females (22.3%) with a mean age of 59.7 ± 11.3 years (range, 32–81 years), 
received an average of 2.46 ± 1.32 hAIC sessions (range, 1–8; total, 358 treatments). The number of patients in the two groups 
was as follows: 88 (36.4%) in the abdominal pain group and 154 (63.6%) in the no abdominal pain group. Moderate to severe 
abdominal pain onset was observed as early as 30 min after the procedure in 10 patients (11.36%), with a peak incidence 
between 6–12 h (n = 41, 46.59%), followed by a decline thereafter (n = 15, 17.05% after 12 h). Prophylactic analgesic treatment, 
primarily non-steroidal anti-inflammatory drugs, was administered to 214 patients (88.43%) after the procedure. Notably, intra- 
arterial lidocaine injection demonstrated high efficacy, providing pain relief in 97.19% (208 out of 214) of the patients.

Table 1 Baseline Characteristics of the 
Patients

Characteristics No. (%)

Age (years) 59.70 ± 11.30
Sex (male), n (%) 188 (77.68%)

Hepatitis B virus infection 175 (72.31%)

Liver cirrhosis 152 (62.81%)
Number of HAIC sessions 2.46 ± 1.32

Total bilirubin (umol/L) 17.48 ± 7.25

Albumin (g/L) 39.21 ± 7.12
AFP > 400 (ng/mL) 162 (66.94%)

ECOG

0 145 (59.92%)
1 97 (40.08%)

Child-Pugh grade, n (%)

A 194 (80.17%)
B 48 (19.83%)

BCLC stage
B 44 (18.18%)

C 198 (81.82%)

PVTT
Yes 167 (69.01%)

No 75 (30.99%)

(Continued)
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Comparison Between Patients with and without Abdominal Pain Post HAIC
The comparison was conducted on the 242 patients, and the results are summarized in Table 2. No statistically significant 
difference in gender between the abdominal pain and no abdominal pain groups (χ2 = 1.165, P = 0.280). Similarly, the 
number of previous HAIC sessions did not differ significantly between the abdominal pain (2.68 ± 1.32) and no 
abdominal pain (2.96 ± 1.55) groups (t = 1.425, P = 0.156).

Furthermore, no statistically significant differences were observed between the two groups in terms of gender, history 
of hepatitis B, AFP levels, ECOG performance status, extrahepatic metastasis, or alanine transaminase levels. However, 
significant differences were noted in age, tumor diameter, tumor number, distance from tumor to liver capsule, presence 
of portal vein tumor thrombus (PVTT), oxaliplatin preparation time, oxaliplatin manufacturer, and hepatic artery 
diameter (P < 0.05).

Table 1 (Continued). 

Characteristics No. (%)

OXA manufacturers

Import 145 (59.92%)
Domestic 97 (40.08%)

OXA preparation time

Less than 4 h 142 (58.68%)
More than 4 h 100 (41.32%)

Note: Data are expressed as n (%) or mean ± stan-
dard deviation. 
Abbreviations: AFP, alpha-fetoprotein; ECOG, 
Eastern Cooperative Oncology Group; BCLC, 
Barcelona Clinic Liver Cancer; PVTT, portal vein 
tumor thrombus; OXA, oxaliplatin.

Table 2 Comparison Between Patients With and Without Abdominal Pain Post HAIC (n = 242)

Characteristic Without Pain  
(n = 154)

With Pain  
(n = 88)

Statistic Value P

Age (years) 5.984b 0.014

>60 54 (35.06%) 45 (51.14%)

≤60 100 (64.94%) 43 (48.86%)
Gender 1.165b 0.280

Male 123 (79.87%) 65 (73.86%)

Female 31 (20.13%) 23 (26.14%)
BMI (kg/m2) 22.06 ± 2.51 22.18 ± 2.49 −0.359a 0.720

Number of HAIC sessions 2.96 ± 1.55 2.68 ± 1.32 1.425a 0.156

Hepatitis 1.009b 0.315
No 46 (29.87%) 21 (23.86%)

Yes 108 (70.13%) 67 (76.14%)

Tumor diameter (cm) 4.939b 0.026
0~5 48 (31.17%) 40 (45.45%)

≥5 106 (68.83%) 48 (54.55%)

Distance from liver capsule (cm) 4.567b 0.033
0~1 30 (19.48%) 8 (9.09%)

≥1 124 (80.52%) 80 (90.91%)

PVTT 6.359b 0.012
Yes 115 (74.68%) 52 (59.09%)

No 39 (25.32%) 36 (40.91%)

(Continued)
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Multivariate Analysis of Acute Moderate to Severe Abdominal Pain After HAIC
Variables exhibiting statistical significance in the univariate analysis were incorporated into a multivariate logistic 
regression model. Table 3 delineates the resultant independent risk factors associated with acute moderate to severe 
abdominal pain following HAIC: age (odds ratio [OR] = 1.028, P = 0.031); tumor diameter (OR = 1.215, P = 0.007); 
distance from liver capsule (OR = 0.662, P = 0.029); PVTT (OR = 2.370, P = 0.030); oxaliplatin preparation time (OR = 
1.160, P = 0.032); and oxaliplatin manufacture (OR = 2.038, P = 0.028).

For the multivariate analysis, continuous variables were dichotomized using clinically relevant cut-off points, and 
categorical variables were binary-coded as follows: age, >60 years (1) vs ≤60 years (0); tumor diameter, ≥5 cm (1) vs 

Table 2 (Continued). 

Characteristic Without Pain  
(n = 154)

With Pain  
(n = 88)

Statistic Value P

Tumor number 9.518b 0.002
1~ 98 (63.64%) 45 (51.14%)

3~ 56 (36.36%) 43 (48.86%)

ECOG PS 1.662b 0.197
0 97 (62.99%) 48 (54.55%)

1 57 (37.01%) 40 (45.45%)

BCLC stage 1.165b 0.280
B 31 (20.12%) 23 (26.13%)

C 123 (79.88%) 65 (73.87%)

Child-Pugh grade 0.480b 0.488
A 128 (83.11%) 70 (79.55%)

B 26 (16.89%) 18 (20.45%)

AFP 0.067b 0.796
<400 ng/mL 50 (32.47%) 30 (34.09%)

≥400 ng/mL 104 (67.53%) 58 (65.91%)

OXA manufacturers 10.226b 0.001
Import 114 (74.03%) 31 (35.22%)

Domestic 40 (25.97%) 57 (64.78%)

OXA preparation time 13.695b 0.001
Less than 4 h 110 (71.43%) 32 (36.36%)

More than 4 h 44 (28.57%) 56 (63.64%)
Extrahepatic metastasis 0.500b 0.480

Yes 86 (55.84%) 45 (61.14%)

No 68 (44.16%) 43 (48.86%)
WBC (×109/L) 5.42 ± 1.58 5.33 ± 1.45 0.439a 0.661

PLT (×109/L) 138.48 ± 54.49 125.65 ± 45.69 1.865a 0.063

TBil (μmol/L) 18.63 ± 7.82 16.78 ± 5.85 1.931a 0.055
Albumin (g/dL) 40.36 ± 8.29 38.81 ± 6.78 1.492a 0.137

AST (U/L) 62.36 ± 9.47 58.13 ± 11.81 3.050a 0.003

Hepatic artery diameter (mm) 3.71 ± 0.42 4.32 ± 0.68 −0.826a 0.001

Post-operative Analgesics 4.923b 0.295

Flurbiprofen 34 (22.08%) 16 (18.18%)
Morphine 23 (14.94%) 17 (19.32%)

Dezocine 23 (14.94%) 21 (23.86%)

Diclofenac 56 (36.36%) 24 (27.27%)
No 18 (11.68%) 10 (11.37%)

Notes: Data are expressed as n (%) or mean ± standard deviation. at value, bX2 value. 
Abbreviations: BMI, body mass index; HAIC, hepatic arterial infusion chemotherapy; PVTT, portal vein tumor thrombus; ECOG PS, 
Eastern Cooperative Oncology Group Performance Status; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; OXA, 
oxaliplatin; WBC, white blood cell; PLT, platelets; TBil, total bilirubin; AST, aspartate aminotransferase.
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<5 cm (0); distance from the liver capsule: ≥1 cm (1) vs <1 cm (0); PVTT, present (1) vs absent (0); oxaliplatin 
preparation time, >4 hours (1) vs ≤4 hours (0); oxaliplatin manufacture, domestic (1) vs imported (0). Based on the 
multivariate logistic regression analysis, a predictive model for post-HAIC acute moderate to severe abdominal pain was 
developed: logit (P) = −2.876 + 0.228X₁ + 0.195X2 - 0.412X₃ + 0.863X₄ + 0.148X5 + 0.712X₆.

Where P denotes the probability of developing acute moderate to severe abdominal pain, X₁ denotes the age, X2 

denotes the tumor diameter, X₃ is the distance from the liver capsule, X₄ denotes the PVTT, X5 denotes the oxaliplatin 
preparation time, and X₆ denotes the oxaliplatin manufacturer.

Analysis of the Predictive Model for Acute Moderate to Severe Abdominal Pain 
Following HAIC
The predictive model’s performance for acute moderate to severe abdominal pain following HAIC was evaluated 
using the receiver operating characteristic (ROC) curve, as illustrated in Figure 2. The area under the curve for the 
predictive model was 0.795 (95% CI, 0.740–0.853; P < 0.001). The optimal cut-off point was determined using the 
maximum Youden index (0.468), at which the model demonstrated a sensitivity of 76.8% and a specificity of 72.4%, 

Table 3 Multivariate Analysis of Acute Moderate to Severe Abdominal Pain After Hepatic Arterial Infusion 
Chemotherapy

Variables β SE Wald χ² P-value OR 95% CI

Constant −2.876 1.053 7.456 0.006 0.056 -

Age (years) 0.028 0.013 4.638 0.031 1.028 1.002~1.055

Tumor diameter (cm) 0.195 0.072 7.324 0.007 1.215 1.055~1.399
Distance from liver capsule (cm) −0.412 0.189 4.752 0.029 0.662 0.457~0.959

Portal vein tumor thrombus (yes vs no) 0.863 0.398 4.697 0.030 2.370 1.086~5.172

Oxaliplatin preparation time (>4h) 0.148 0.069 4.603 0.032 1.160 1.013~1.328
Oxaliplatin manufacturer (domestic vs imported) 0.712 0.324 4.826 0.028 2.038 1.080~3.847

Figure 2 ROC Curve Evaluation of the Predictive Model’s Performance for Acute Moderate to Severe Abdominal Pain after HAIC.
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indicating good predictive performance. A Hosmer-Lemeshow test χ² of 1.795 (P = 0.241) suggested an adequate 
model fit.

Discussion
In managing intermediate and advanced HCC, the FOLFOX-HAIC regimen has gained widespread adoption, demon-
strating significant efficacy in improving patient survival rates and establishing itself as a clinically recognized safe and 
effective interventional therapy.6 However, a considerable proportion of patients experience abdominal pain during or 
after HAIC procedures.

According to the results of a multivariate linear regression analysis, approximately 64.6% of patients undergoing 
HAIC for HCC experienced pain of varying intensities, which could lead to extended hospitalization in milder cases or 
result in treatment discontinuation or refusal of subsequent interventions in severe cases, directly impacting the 
therapeutic efficacy of HAIC.15 Theoretically, the etiology of abdominal pain may be Multivariate, involving chemother-
apy-induced vasospasm, acute ischemic necrosis of tumor tissue, release of inflammatory mediators, and individual 
variations in pain sensitivity.16 Despite the clinical significance of this issue, current domestic and international studies 
predominantly focus on the therapeutic efficacy of HAIC in HCC, with a notable paucity of systematic observations and 
research on intra- and post- procedural pain. This gap in the literature underscores a critical oversight in comprehensively 
evaluating the safety profile of HAIC procedures, highlighting the need for more targeted research in this area to optimize 
patient outcomes and treatment protocols.

In the current study, acute moderate to severe abdominal pain occurred in 88 patients, representing 36.37% of all 
patients undergoing HAIC, within the first 24 h after the procedure. The peak incidence of pain was observed between 6 
and 12 h post-HAIC. Notably, this incidence rate is lower than those reported in previous domestic studies.17 Despite 
administering non-opioid analgesics to over 60% of patients in our cohort, which contributed to an overall reduction in 
pain incidence, more than 10% of patients continued to experience moderate to severe abdominal pain. Conventional 
analgesics often prove inadequate in managing HAIC-induced pain, and high-dose opioids carry the risk of severe 
adverse effects, including respiratory depression. For patients experiencing moderate to severe abdominal pain, intra- 
arterial lidocaine administration has demonstrated superior efficacy in mitigating the incidence and severity of post- 
procedural pain, consequently reducing the length of stay at the hospital.15,18 These findings underscore the importance 
of tailored pain management strategies in HAIC and highlight the potential of intra-arterial lidocaine as an effective 
intervention for HAIC-associated pain.

In the present study, ≥60 years of age was identified as a significant risk factor for moderate to severe post-operative 
pain following HAIC (OR = 1.028, P = 0.031). This association likely stems from age-related physiological decline, 
including decreased pain thresholds and reduced hepatic enzyme activity. These findings align with recent studies by Yu 
et al9 and Lin et al,10 who reported similar age-related risk patterns in their analyses of HAIC outcomes. The clinical 
implications of this finding are particularly relevant given the aging demographic of HCC patients.

The age-related challenges can be overcome by implementing age-stratified dosing protocols, conducting compre-
hensive liver function assessments to optimize drug administration, and enhancing perioperative pain management 
strategies. These approaches aim to tailor the treatment to the patient’s physiological status rather than the chronological 
age alone. These findings emphasize the importance of age-specific considerations in HAIC treatment planning and pain 
management protocols. Addressing these factors may help improve treatment tolerability and outcomes in elderly 
patients undergoing HAIC for HCC.19,20

The findings of the current study revealed that a tumor diameter of ≥5 cm and proximity to the liver capsule are 
significant risk factors for post-HAIC pain in patients with HCC. Larger tumors often indicate a greater tumor burden, 
which may lead to compression or invasion of the surrounding vasculature and nerves. This pathophysiology can result in 
uneven distribution of chemotherapeutic agents within the tumor mass, potentially creating localized areas of high drug 
concentration that could induce vascular irritation and spasm, thereby exacerbating post-procedural pain.21 Furthermore, 
larger tumor volumes are associated with extensive necrosis following treatment, leading to the release of inflammatory 
mediators such as TNF-α and IL-1β, which can intensify the pain response.22 Notably, tumors located <1 cm from the 
liver capsule were identified as an independent risk factor for moderate to severe post-HAIC pain, possibly due to the 
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more pronounced ischemic pain experienced during the treatment of capsule-proximal tumors. The liver capsule is richly 
innervated, making it particularly sensitive to ischemic insults and inflammatory processes. Our findings align with those 
of multiple previous studies, which identified capsular proximity as a primary determinant of pain following interven-
tional procedures in the liver.23,24

PVTT has been identified as the strongest predictor of post-interventional pain in HCC patients undergoing 
embolization procedures.25 This finding is particularly relevant given HCC’s high propensity for portal vein invasion. 
The presence of PVTT can significantly alter hepatic hemodynamics, impeding portal venous blood flow and increasing 
portal pressure. These changes may precipitate a cascade of physiological events, including gastrointestinal congestion, 
edema, and, in severe cases, intestinal ischemia, all of which contribute to an elevated risk of abdominal pain. 
Furthermore, PVTT can disrupt the intrahepatic distribution of chemotherapeutic agents during HAIC, resulting in 
localized areas of high drug concentration, potentially triggering more intense inflammatory responses.26 The synergistic 
effect of altered hepatic blood flow and uneven drug distribution in the presence of PVTT likely underpins the increased 
incidence and severity of post-procedural pain observed in these patients.

The preparation time and manufacture of oxaliplatin were identified as significant factors influencing the incidence of 
moderate to severe pain in the present study. This association may be attributed to variations in drug purity and impurity 
profiles among oxaliplatin products from different manufacturers, potentially affecting the therapeutic efficacy and 
adverse event profiles.27 Prolonged preparation times during HAIC procedures may compromise oxaliplatin stability, 
leading to oxalate precipitation. Notably, oxalate has been implicated in cold-induced hypersensitivity reactions observed 
exclusively in patients receiving oxaliplatin but not cisplatin. The pain associated with these reactions is thought to result 
from extracellular calcium ion chelation.15

Thus, the implementation of standardized drug preparation and administration protocols, including strict time 
constraints for oxaliplatin reconstitution and infusion, is warranted. These measures may reduce the likelihood of drug 
degradation and related complications.3 These findings underscore the importance of developing individualized post- 
operative pain management strategies, conducting rigorous evaluations of oxaliplatin manufacturers, and enhancing 
patient education to improve pain management awareness and outcomes.

However, several limitations of this study warrant consideration. First, as a single-center study, it may be subject to 
selection bias. Second, the relatively small sample size limits the generalizability of our findings, necessitating further 
exploration in larger cohorts. Lastly, the model has not undergone external validation, and its performance in diverse 
populations remains to be evaluated. These limitations underscore the need for future prospective, multi-center studies to 
further explore and optimize the model, thereby enhancing its predictive efficacy and clinical utility. Additionally, 
research into novel pain management strategies, particularly for high-risk patients, could build upon our findings. The 
role of different chemotherapy preparation protocols and their impact on pain outcomes represents another important 
avenue for investigation.

Conclusion
In conclusion, this study provides preliminary evidence for a risk prediction model of acute moderate to severe 
abdominal pain in patients following HAIC, offering valuable insights for clinical decision-making. Our findings suggest 
that age, tumor diameter, distance from the liver capsule, presence of PVTT, and the preparation time and manufacture of 
oxaliplatin are critical for predicting the risk of acute moderate to severe abdominal pain after HAIC. This model 
elucidates the complex pathophysiological mechanisms underlying post-HAIC pain and establishes a scientific founda-
tion for developing individualized pain management strategies. Clinicians may utilize these factors to conduct preopera-
tive risk assessments and implement preventive medication and timely symptomatic treatment for high-risk patients. 
These approaches have the potential to significantly enhance the quality of life for post-HAIC patients, reduce the 
hospital stays, and improve the overall treatment experiences.
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