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Abstract

Background - Intraperitoneal (IP) chemotherapy (IPC),
including hyperthermic intraperitoneal chemotherapy (HIPEC),
has emerged as a promising approach to control peritoneal
metastases in gastrointestinal (GI) cancers. However, the safety
profile and toxicity spectrum of IPC remain incompletely under-
stood. This study aimed to evaluate the incidence of hematologic
and biochemical adverse reactions following surgery with or
without IPC and to compare the toxicity profiles of nor-
mothermic IPC and HIPEC. Additionally, potential risk factors
for liver injury were investigated to guide clinical management.
Methods - In this retrospective cohort study, 449 patients
with gastric or colorectal cancer undergoing surgical resec-
tion between January 2015 and September 2019 were ana-
lyzed. Patients were categorized into three groups: surgery
alone (n = 171), surgery + normothermic IPC (IPC group, n = 82),
and surgery + HIPEC (HIPEC group, n = 196). Baseline demo-
graphic and clinicopathological data, IPC details (including
drug regimen, HIPEC technique [open vs closed], and perfu-
sion duration), and postoperative laboratory toxicities were
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recorded. Hematologic toxicities (leucopenia, neutropenia,
thrombocytopenia, and hemoglobin decline) and biochemical
toxicities (liver and renal function abnormalities and D-dimer
elevation) were graded according to CTCAE v5.0. Group com-
parisons were performed using y* or ANOVA tests. Due to a
higher proportion of advanced-stage patients in the HIPEC
group, stratified analyses were performed by clinical stage
(I-11 vs ITI-1V). Logistic regression was used to identify inde-
pendent risk factors for liver injury in both IPC and HIPEC
groups.

Results — Baseline characteristics were comparable across
groups except for clinical stage, with the HIPEC group having
a higher percentage of advanced-stage patients (79.6 vs 59.8%,
P <0.05). Compared with the surgery-alone group, both IPC
and HIPEC groups had significantly higher incidences of
hemoglobin decline (25.7% vs 39.0% vs 49.0%, respectively;
P <0.01), liver injury (37.4% vs 62.2% vs 60.7%, P <0.01), and
D-dimer elevation (47.4% vs 68.3% vs 72.9%, P <0.01). In con-
trast, the incidences of leucopenia, neutropenia, and renal
impairment were low (<12%) and did not differ significantly
among groups. Thrombocytopenia was significantly more fre-
quent in the HIPEC group than in the surgery-alone group (7.7
vs 2.9%, P = 0.046). Stratified analyses revealed no significant
differences in adverse reaction rates between the IPC and
HIPEC groups when adjusted by clinical stage. Multivariate
logistic regression indicated that, in the IPC group, severe post-
operative GI reactions ( >Grade II; OR, 3.72; 95% CI, 1.20-11.55;
P =0.023) and the use of a platinum plus docetaxel regimen
(OR, 8.75; 95% CI, 1.78-43.12; P = 0.008) were independent pre-
dictors of liver injury. In the HIPEC group, the platinum plus
docetaxel regimen was also associated with higher liver toxi-
city, and the open HIPEC technique significantly increased the
risk (OR 4.80, 95% CI 1.26-18.38, P = 0.020).

Conclusions — Both normothermic IPC and HIPEC signifi-
cantly increase the risk of certain perioperative laboratory
abnormalities — specifically, anemia, liver injury, and a hyper-
coagulable state — compared to surgery alone. Notably, the addi-
tion of hyperthermia does not appear to significantly exacerbate
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the overall toxicity when clinical stage is considered. The che-
motherapeutic regimen and HIPEC technique (open vs closed)
are key determinants of liver injury. These findings underscore
the importance of tailoring IPC protocols and implementing
targeted supportive measures, such as liver protection and
thromboprophylaxis, to optimize treatment safety in GI cancer
patients.

Keywords: perioperative, hepatotoxicity, intraperitoneal
chemotherapy, HIPEC, gastrointestinal cancer, D-dimer

1 Introduction

Gastrointestinal (GI) cancers are among the most common
malignancies worldwide, ranking third for incidence in
men and fourth in women, and their incidence has been
rising in recent years [1-3]. Early-stage GI cancers are often
asymptomatic, and the majority of patients are diagnosed
at advanced stages. Advanced tumors frequently involve
the serosal layer, leading to a high risk of peritoneal carcino-
matosis (PC) and liver metastasis after resection, which
contributes to treatment failure and early postoperative
recurrence. Even with systemic intravenous chemotherapy,
the prognosis of established peritoneal metastasis is extre-
mely poor — the 5-year survival rate of gastric cancer with
PC is reported to be essentially 0%, with a median survival
under 6 months [1,2].

Cytoreductive surgery (CRS) combined with hyperthermic
intraperitoneal chemotherapy (HIPEC) has emerged as an
aggressive locoregional treatment for peritoneal metastasis of
GI cancers. HIPEC, when added to surgery, can improve the
survival and quality of life for selected patients, but it is
also associated with a higher incidence of postoperative
complications and mortality [3,4]. An alternative approach is
intraperitoneal chemotherapy (IPC) administered during or
immediately after surgery without hyperthermia (sometimes
called normothermic IPC), which relies on the direct cytotoxic
effects of drugs on residual tumor cells and is often used in
advanced gastric cancer with peritoneal seeding [4]. Both
HIPEC and IPC have their advantages, and they remain unde-
termined which approach is optimal in the perioperative set-
ting for preventing recurrence. Importantly, both treatments
have the potential to cause systemic or regional adverse effects,
and a direct comparison of their safety profiles and risk factors
for toxicity is needed.

Previous studies have highlighted certain complications
associated with these treatments. For example, Sleightholm
et al. reported that CRS with HIPEC increases the incidence of
venous thromboembolism (VTE), suggesting a need for early
prophylactic anticoagulation in these patients [5]. Zhu et al.
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observed that postoperative HIPEC can cause significant
hepatic impairment, as well as GI toxicity [6]. Meanwhile,
intraoperative IPC (without hyperthermia) has been shown
to improve patient survival in colorectal cancer without
obvious severe safety concerns [7]. However, to our knowl-
edge, existing studies have neither systematically examined
the factors associated with adverse effects of HIPEC and IPC
nor directly compared the two modalities in terms of hema-
tological toxicity and related complications.

In this study, we retrospectively analyzed a large
cohort of GI cancer patients who received either surgery
alone, surgery with IPC, or surgery with HIPEC in the peri-
operative period. We aimed to compare the incidence of
key adverse outcomes (hematologic toxicities, organ func-
tion impairments, and hypercoagulability) between these
treatment groups and to identify the relevant risk factors
contributing to these adverse effects. By elucidating these
factors, our goal is to provide guidance on optimizing peri-
operative IP treatment strategies and managing toxicity to
improve patient safety and outcomes.

2 Materials and methods

2.1 Study participants

This study is a retrospective observational cohort study that
included 449 patients with GI malignancies (gastric or color-
ectal cancer) who underwent surgery at the Department of
Oncology, Zhongnan Hospital of Wuhan University between
January 2015 and September 2019. Among these patients, 251
had gastric cancer and 198 had colorectal cancer, all con-
firmed by histopathology. Eligibility criteria for analysis
included the following: normal baseline laboratory values
for liver function, renal function, coagulation (D-dimer),
and blood cell counts before surgery, and no other major
abdominal procedures or interventions within 1 month prior
to surgery. Patients who had undergone liver surgery, radio-
frequency ablation, or neoadjuvant therapy within 1 month
before the operation, or those with any pre-existing organ
dysfunction, were excluded to ensure a homogeneous base-
line for toxicity assessment.

We minimized selection bias through strict eligibility cri-
teria and ensured uniform outcome measurement via stan-
dardized laboratory protocols and CTCAE v5.0 grading.
Confounders identified in univariate analyses were adjusted
in multivariate logistic regression models and stratified ana-
lyses by clinical stage controlled for disease severity imbal-
ance. Missing data (<5% for key variables) were excluded in a
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complete-case analysis, with no significant differences
observed between included and excluded cases.

2.2 Treatment groups

Patients were divided into three groups based on the peri-
operative treatment received: surgery + HIPEC, surgery +
IPC, and surgery alone as the control. All patients under-
went either curative (radical) resection or palliative tumor
resection as indicated by their disease.

Surgery + HIPEC: Patients in this group received CRS or
tumor resection followed by HIPEC. HIPEC was administered
immediately during or after the operation by either an open-
abdomen technique (before abdominal closure) or a closed-
abdomen technique (after temporary abdominal closure),
maintaining a perfusate temperature of 43°C. Agents for
HIPEC were selected based on tumor type, peritoneal phar-
macokinetics, thermal stability, and documented synergy
with hyperthermia. Key considerations included a high peri-
toneal-to-plasma AUC ratio to maximize local exposure while
minimizing systemic toxicity, molecular properties favoring
limited systemic absorption, and in vitro evidence of
enhanced cytotoxicity at 41-43°C. Consequently, platinum-
based regimen (oxaliplatin or lobaplatin) combined with
docetaxel is preferentially used for gastric cancer, whereas
oxaliplatin or lobaplatin with 5-fluorouracil (5-FU) is favored
for colorectal cancer, in accordance with published clinical
protocols and international guidelines. The duration of
hyperthermic perfusion was either <60 min or >60min,
depending on the regimen and clinical scenario, with
60-90 min being common for the combined regimens.

Surgery + IPC: Patients in this group underwent surgery
followed by IPC without hyperthermia. Chemotherapeutic
agents were introduced into the peritoneal cavity intraopera-
tively or in the early postoperative period at normothermic
temperature. The IPC regimens included: 5-FU alone, pla-
tinum + docetaxel, or platinum + 5-FU. All Group B patients
received their chemotherapy via IP instillation using standard
techniques, typically immediately after tumor resection.

Surgery alone: Patients in this group received surgical
resection (either curative or palliative) with no IPC during
the perioperative period.

2.3 Baseline characteristics

The main demographic and clinical characteristics of patients
in each group were recorded, including age, sex, body mass
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index (BMI), nutritional risk score, tumor type (gastric vs
colorectal), clinical TNM stage, histopathological subtype,
smoking status, history of heavy alcohol use, and intraopera-
tive blood transfusion.

2.4 Definitions of toxicity outcomes

We defined and categorized postoperative hematological
and biochemical toxicities based on clinical diagnostic cri-
teria and international grading standards as follows:

Bone marrow suppression: A decrease in peripheral
blood counts postoperatively, specifically leukopenia,
anemia, thrombocytopenia, or neutropenia, as measured
by routine blood counts. These were noted as present or
absent for each patient. We used the Common Terminology
Criteria for Adverse Events (CTCAE) v4.0 for grading the
severity of cytopenia.

Renal impairment: Postoperative elevation in serum
creatinine or blood urea nitrogen beyond the normal
range, indicating a decline in renal function. Any degree
of acute kidney injury was recorded as an adverse outcome
if it met at least CTCAE grade 1 criteria.

Liver function injury: Postoperative elevation in liver
enzymes (alanine aminotransferase [ALT] and aspartate
aminotransferase [AST]) or bilirubin above the upper limit
of normal, consistent with acute drug-induced liver injury.
The assessment was based on the diagnostic criteria from
the guidelines for diagnosis and treatment of acute drug-
induced liver injury, and the severity of hepatotoxicity was
graded according to the World Health Organization (WHO)
criteria/National Cancer Institute Common Toxicity
Criteria (NCI-CTC) version 4.0. For analysis, we primarily
considered a binary outcome of any liver function injury
vs none and further noted the maximum grade (I-IV) in
each patient for descriptive purposes.

D-dimer elevation: An increase in plasma D-dimer
level after surgery used as a marker of hypercoagulability
and risk for VTE. We categorized D-dimer elevation into
two levels: moderate elevation (500-3,500 ng/mL) and high
elevation (>3,500 ng/mL), since 500 ng/mL is the typical
upper limit of normal. For statistical comparison, any
D-dimer >500ng/mL postoperatively was considered a
positive outcome, and we also analyzed factors associated
with particularly high elevations (>3,500).

All complications were assessed during the immediate
postoperative period and throughout the hospital stay.
Laboratory tests were performed for all patients before
surgery and monitored after surgery. We ensured that
baseline values were normal as part of the inclusion
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criteria, so any significant abnormality detected postopera-
tively was attributed to the surgery and/or IP treatment.

2.5 Data collection and treatment records

Clinical data were extracted from medical records,
including each patient’s treatment details and postopera-
tive course. We recorded whether patients experienced
severe GI reactions (nausea/vomiting of grade II or higher
according to CTCAE) after the IPC or HIPEC. We also noted
intraoperative blood transfusion events and any history of
chronic alcohol abuse, as these factors might influence
liver function. Nutritional status was evaluated using a
standard Nutritional Risk Screening, and BMI was
recorded as a continuous variable and categorized (under-
weight <18.5, normal 18.5-24.9, and overweight >25). These
factors — GI toxicity, transfusion, alcohol use, nutritional
risk, and BMI — were considered as potential contributors
to postoperative liver injury or coagulopathy and were
included in the analysis of risk factors for complications,
particularly in the HIPEC subgroup analysis. We specifi-
cally investigated the impact of these variables on the
occurrence of liver function injury in the HIPEC group,
given prior concerns about hepatotoxicity with HIPEC.
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2.6 Statistical analysis

All statistical analyses were performed using SPSS version
22.0 (IBM Corp., Armonk, NY, USA). Categorical variables
(incidence of specific complications and presence or
absence of risk factors) were compared between groups
using the chi-square (y?) test or Fisher’s exact test when
appropriate. For comparison of the three main groups,
pairwise chi-square tests were conducted with a signifi-
cance level of P <0.05. Given the baseline stage imbalance
between groups, subgroup analyses stratified by tumor
stage (early vs advanced) were also performed for compar-
ison of HIPEC vs IPC outcomes.

To identify independent risk factors for liver injury and
for D-dimer elevation, we carried out multivariate logistic
regression analyses. Variables that showed significant asso-
ciation with the outcome in univariate chi-square tests were
entered into a binary logistic regression model (enter
method). For the IPC group and the HIPEC group separately,
we examined which factors (chemotherapy regimen, perfu-
sion duration, HIPEC technique, surgical extent, BMI category,
presence of severe GI reactions, and tumor pathology) inde-
pendently predicted liver injury and hypercoagulability. The
results of logistic regression are presented as the odds ratio
(OR) with 95% confidence interval (CI). A two-tailed P value
<0.05 was considered statistically significant in all analyses.

Table 1: Baseline characteristics of the study population by treatment group

Characteristic Surgery alone (n = 171) Surgery + IPC (n = 82) Surgery + HIPEC (n = 196) P (overall)
Age (years) 58.6 +11.2 59.8 +10.5 59.1+11.0 0.72
Sex, male 109 (63.7%) 52 (63.4%) 126 (64.3%) 0.98
BMI (kg/m?) 21.6 + 2.8 22.6 +3.3 21.3+37 0.10
Long-term alcohol use 37 (21.6%) 15 (18.3%) 40 (20.4%) 0.87
Smoking history 46 (26.9%) 20 (24.4%) 55 (28.1%) 0.83
Nutritional risk (NRS >3) 19 (11.1%) 10 (12.2%) 25 (12.8%) 0.90
Tumor type

Gastric cancer 67 (39.2%) 33 (40.2%) 81 (41.3%)

Colorectal cancer 104 (60.8%) 49 (59.8%) 115 (58.7%)

Pathological type

Adenocarcinoma 165 (96.5%) 79 (96.3%) 187 (95.4%)

Signet-ring/mucinous mix 6 (3.5%) 3 (3.7%) 9 (4.6%)

Clinical stage

Early (I-1I) 49 (28.7%) 33 (40.2%) 40 (20.4%)

Advanced (III-1V) 122 (71.3%) 49 (59.8%) 156 (79.6%)

Intraoperative transfusion 21 (12.3%) 9 (11.0%) 25 (12.8%) 0.93

Surgical approach
Radical surgery
Palliative surgery

150 (87.7%)
21 (12.3%)

61 (74.4%)
21 (25.6%)

171 (87.2%)
25 (12.8%)

Note: Values are presented as count (% of group) or mean + SD. No significant differences were observed among groups for any variable except
clinical stage (advanced vs early-stage distribution differed between the IPC and HIPEC groups, P <0.05). IPC = intraperitoneal chemotherapy
(normothermic). P-values by ANOVA for age (continuous) and the chi-square test for categorical variables.
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Informed consent: Given the retrospective nature of the
analysis and use of de-identified data, formal written
informed consent was waived by the ethics committee.
All patients had originally provided consent for their treat-
ment and for the use of their clinical data in research.

Ethics approval: This retrospective study was conducted in
accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of Zhongnan Hospital
of Wuhan University.

3 Results

3.1 Baseline characteristics of patients

The baseline demographic and clinical characteristics of
patients were similar across the three groups (surgery alone,
surgery + IPC, and surgery + HIPEC). A total of 449 patients
were analyzed: 171 in the surgery-only control group, 82 in the
surgery + IPC group, and 196 in the surgery + HIPEC group.
There were no significant differences between groups in age,
sex distribution, tumor type (gastric vs colorectal cancer), patho-
logical type, nutritional risk, smoking status, alcohol use, or
incidence of intraoperative blood transfusion (all P >0.05).
The only baseline variable that differed was clinical stage: the
HIPEC group had a higher proportion of advanced-stage (stage
I[I-1IV) patients compared to the IPC group (79.6 vs 59.8%
advanced stage; P <0.05). Due to this imbalance in stage, sub-
group analyses stratified by early (stage I-1I) vs advanced (stage
III-1V) disease were performed for comparison between the IPC
and HIPEC groups, as discussed below. Table 1 summarizes the
baseline characteristics. All variables except clinical stage show
no statistically significant differences across groups.

Hematological toxicity of HIPEC in GC === 5

3.2 Incidence of adverse reactions in each
group

Major hematologic and biochemical toxicities were com-
pared among the three groups. Table 2 presents the inci-
dence of key adverse reactions (hematologic toxicities and
laboratory-defined complications) in each group, along
with pairwise chi-square test results comparing the sur-
gery-only group to each treatment group. Overall, patients
who received IPC (with or without hyperthermia) experi-
enced higher rates of hemoglobin decline, liver function
impairment, and D-dimer elevation compared to surgery
alone (P <0.01). In contrast, the incidences of leucopenia, neu-
tropenia, and renal impairment were low and did not differ
significantly among groups (P >0.05). Thrombocytopenia was
significantly more frequent in the HIPEC group than in sur-
gery alone (7.7 vs 2.9%, P = 0.046), whereas the normothermic
IPC group did not differ from controls (2.4 vs 2.9%) (Figure 1).
These results indicate that adding IPC, especially with
hyperthermia, increases the risk of certain toxicities (notably
anemia, liver injury, and hypercoagulability).

3.3 Comparison of HIPEC and
normothermic IPC

Because the HIPEC group had more advanced-stage patients,
a stratified analysis was done to directly compare adverse
event rates between the two chemotherapy groups within
early-stage and advanced-stage subsets. Table 3 shows the
incidence of each adverse reaction in the IPC vs HIPEC
groups, stratified by the clinical stage (I-II vs III-IV). In
early-stage patients, there were no statistically significant dif-
ferences between IPC and HIPEC in any adverse reaction rate;
similarly, among advanced-stage patients, the two treatments

Table 2: Incidence of key hematologic and biochemical toxicities among the three treatment groups

Adverse reaction

Surgery alone (n = 171)

Surgery + IPC (n = 82) Surgery + HIPEC (n = 196)

Leucopenia (WBC <4 x 10°/L)

Neutropenia (Grade 2II)
Thrombocytopenia (platelets <100 x 10°/L)
Hemoglobin decline (Hb <110 g/L)

Liver injury (elevated ALT/AST or bilirubin)
Renal impairment (Cr or BUN)

D-dimer elevation (>0.5 mg/L)

2/171 (1.2%)
17171 (0.6%)
5/171 (2.9%)
44/171 (25.7%)
64/171 (37.4%)
19/171 (11.1%)
81/171 (47.4%)

2/82 (2.4%)
3/82 (3.7%)
2/82 (2.4%)
32/82 (39.0%)
51/82 (62.2%)
8/82 (9.8%)
56/82 (68.3%)

3/196 (1.5%)
4/196 (2.0%)
15/196 (7.7%)
96/196 (49.0%)
119/196 (60.7%)
21/196 (10.7%)
143/196 (72.9%)

Note: IPC = intraperitoneal chemotherapy. Postoperative liver injury: any elevation of ALT, AST, or bilirubin above the upper limit of normal, and
severity was graded per CTCAE criteria (Grade I-1V). D-dimer elevation: exceeding 0.5 mg/L, which is the standard upper limit of normal in our

laboratory.
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Incidence of Key Adverse Reactions by Group
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Figure 1: Incidence of key adverse reactions by treatment group.
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Table 3: Comparison of adverse reaction incidence between surgery + HIPEC and surgery + IPC groups, stratified by clinical stage

Adverse reaction Early stage (I-II) IPC vs HIPEC P Advanced stage (III-1V) IPC vs HIPEC P
Leucopenia 3.0 vs 5.0% 0.6 2.0 vs 1.3% 0.75
Neutropenia 0vs 2.5% 0.33 4.1vs 2.0% 0.4
Thrombocytopenia 0 vs 2.5% 0.33 3.1vs 8.2% 0.2
Hemoglobin decline 42.4 vs 47.5% 0.64 73.5 vs 50.7% 0.08
Liver injury 54.5 vs 50.0% 0.72 65.3 vs 62.8% 0.75
Renal impairment 6.1 vs 7.5% 0.8 12.2 vs 11.3% 0.88
D-dimer elevation 63.6 vs 67.5% 0.75 71.4 vs 74.2% 0.7

Note: Comparison of adverse reaction rates between HIPEC and IPC groups, stratified by clinical stage (early I-1I; advanced III-1V).

showed no significant differences. In early-stage cases, the
liver injury incidence was 54.5% (IPC) vs 50.0% (HIPEC),
and in advanced cases, 653 vs 62.8%, with no significant
difference. These results suggest that hyperthermia itself
did not significantly increase toxicity compared to nor-
mothermic IPC, once clinical stage was accounted for. Conse-
quently, subsequent analyses combined both IPC modalities
when compared to surgery alone, and no further direct IPC-
vs-HIPEC comparisons were made beyond this point.

3.4 Severity of liver injury and D-dimer
elevation

Both IPC and HIPEC not only increased the incidence of
liver injury but also influenced its severity. Table 4 displays
the distribution of liver injury severity in each group
among patients who experienced liver toxicity. The
majority of liver injuries were mild (Grade I) in all groups,
but the IPC group had a higher proportion of moderate

Table 4: Severity of liver injury among patients with liver toxicity in each group

Group Patients with liver Injury (% of group) Grade I Grade II Grade III Grade IV
Surgery + HIPEC (n = 196) 119 (60.7%) 95 (48.5%) 20 (10.2%) 4 (2.0%) 0
Surgery + IPC (n = 82) 51 (62.2%) 36 (43.9%) 13 (15.9%) 2 (2.4%) 0
Surgery alone (n = 171) 64 (37.4%) 45 (26.3%) 15 (8.8%) 4 (2.3%) 0

Note: Liver injury graded per CTCAE: Grade I (mild), II (moderate), and III (severe). Severity distribution of liver injury among patients with liver

toxicity in each group.
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(Grade II) and severe (Grade III) liver injury compared to
the HIPEC group. Specifically, for the patients with liver
injury, 29.4% in the IPC group had Grade II-III injury
versus 20.2% in the HIPEC group, indicating somewhat
more severe liver enzyme elevations with normothermic
IPC. However, severe Grade III injury was relatively
uncommon overall (2-3% of the patients). The surgery-
only group, while having fewer liver injuries overall,
showed a similar distribution of mostly mild cases. These
data suggest that HIPEC tends to cause predominantly mild
liver enzyme elevations, whereas normothermic IPC may
more frequently lead to moderate increases.

Similarly, we examined the severity of D-dimer elevation.
As shown in Table 5, both IPC and HIPEC groups had a high
incidence of D-dimer elevation, with a subset of patients
reaching markedly high D-dimer levels (>3.5 mg/L) associated
with increased risk of thrombosis. The HIPEC group had the
highest overall D-dimer elevation rate (72.9% of the patients,
vs 68.3% IPC and 47.4% surgery) and also a slightly higher
proportion of very high D-dimer (>3.5 mg/L) cases (5.6 vs 4.9%
in IPC, and only 1.2% in controls).

3.5 Risk factor analysis for liver injury

We performed further analyses to identify factors associated
with the development of liver injury in patients receiving IPC.
Separate univariate analyses were conducted for the IPC and
HIPEC groups. In the IPC group, the only baseline factor sig-
nificantly associated with liver injury was the severity of
postoperative GI reaction: patients who experienced grade
IT or worse GI toxicity had a higher incidence of liver injury
(76.5 vs 46.2% in those with no or mild GI symptoms; P <0.05).
Other variables such as age, sex, BMI, tumor type, and sur-
gical approach (radical vs palliative) were not significantly
related to liver injury in the IPC group (P >0.05). In the
HIPEC group, the only baseline characteristic correlating
with liver injury was patient BMI: those with BMI <185
(underweight) were more likely to develop liver enzyme ele-
vation than those with BMI 218.5 (85.7% vs ~60%; P <0.05).

Table 5: Incidence and severity of D-dimer elevation
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This suggests poor nutritional status (low BMI) predisposed
patients to hepatotoxicity after HIPEC. No other baseline fac-
tors (including the GI reaction, which was not significant in
HIPEC) showed significant association with liver injury in the
HIPEC group.

In addition to baseline characteristics, we evaluated
treatment-related factors. In the IPC group, the IPC
regimen was a significant determinant of liver injury
(P <0.05). Specifically, patients receiving a combination of
platinum + docetaxel intraperitoneally had the highest
liver injury rate (81.8%), compared to those receiving
5-FU alone (48.9%) or platinum + 5-FU (69.2%). This
regimen effect was confirmed in multivariate analysis. In
contrast, the type of surgery (radical vs palliative) did not
significantly affect liver injury incidence in the IPC group.

In the HIPEC group, several treatment factors were iden-
tified on univariate analysis as related to liver injury: HIPEC
regimen, HIPEC technique (open vs closed), duration of perfu-
sion, and surgical extent all showed significant association
(P <0.05). Platinum + docetaxel again emerged as the HIPEC
regimen with the highest liver injury incidence (73.0% vs
~45-49% for other regimens), open-method HIPEC resulted
in more liver injury than closed (74.7 vs 55.2%), and longer
perfusion time (>60 or >90 min) was linked to higher liver
injury rates than shorter durations. Additionally, patients
who underwent more extensive surgery (cytoreductive or
major surgery with HIPEC) had a higher incidence of liver
toxicity than those who had palliative surgery + HIPEC.
These factors were subsequently included in a multivariate

Table 6: Multivariate logistic regression for factors associated with liver
injury in the IPC group

Factor (IPC group) OR (95% CI) P value
2[I° GI reaction (vs none/mild) 3.715 (1.195-11.550) 0.023
IP regimen — 0.024
Platinum + docetaxel vs 5-FU 8.75 (1.776-43.12) 0.008
Platinum + 5-FU vs 5-FU 2.06 (0.527-8.02) 0.299

Note: OR = odds ratio; CI = confidence interval. The reference (OR 1.0) for
GI reaction is no or Grade I reaction.

Group Patients with D-dimer 1 (%)

Mild elevation (0.5-3.5 mg/L)

Marked elevation (>3.5 mg/L)

Surgery + HIPEC (n = 196)
Surgery + IPC (n = 82)
Surgery alone (n = 171)

143 (72.9%)
56 (68.3%)
81 (47.4%)

132 (67.3%) 11 (5.6%)
52 (63.4%) 4 (4.9%)
79 (46.2%) 2 (1.2%)

Note: D-dimer graded as mild (0.5-3.5 mg/L) or marked (>3.5 mg/L). Incidence and severity of D-dimer elevation postoperatively. Mild: 0.5-3.5 mg/L;

marked: >3.5 mg/L.



8 —— Xue Zhang et al. DE GRUYTER
Table 7: Multivariate logistic regression for factors associated with liver injury in the HIPEC group

Factor (HIPEC group) OR (95% CI) P value
BMI <18.5 vs 18.5-23.9 (underweight) 1.00 (reference) —

BMI 18.5-23.9 vs <18.5 (normal) 0.951 (0.37-2.447) 0.917
BMI >24 vs <18.5 (overweight) 1.396 (0.482-4.045) 0.539
HIPEC regimen overall (4 categories) — 0.031
Platinum + docetaxel vs 5-FU + docetaxel 2.57 (0.86-7.70) 0.092
5-FU (alone) vs 5-FU + docetaxel 0.94 (0.30-2.95) 0.91
Platinum + 5-FU vs 5-FU + docetaxel 0.95 (0.27-3.35) 0.938
Surgical approach: palliative vs radical 0.467 (0.181-1.200) 0.114
HIPEC method: open vs closed 4.803 (1.255-18.382) 0.02
Perfusion duration >60 min vs <60 min 1.375 (0.650-2.908) 0.405

logistic regression for the HIPEC cohort. Multivariate logistic
regression was performed for each group, incorporating the
significant factors from univariate analysis (Tables 6, 7 and
Figure 2).

4 Discussion

Most patients with GI cancer present at advanced stages,
often with tumor invasion beyond the primary organ and a
high risk of peritoneal dissemination. Peritoneal metas-
tasis (carcinomatosis) is a common pattern of failure in
both gastric and colorectal cancer, occurring in a signifi-
cant fraction of patients either at diagnosis or as a recur-
rence after surgery [3,8]. For instance, the incidence of
synchronous PC in gastric cancer can be around 14% and
for colorectal cancer about 7% [3,8]. Even after an

Intraperitoneal Chemo Group
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Figure 2: Forest plot of multivariate OR for risk factors of liver injury.

apparently curative resection, microscopic residual dis-
ease can seed the peritoneum, which is a sanctuary site
due to the peritoneum-plasma barrier that limits systemic
chemotherapy penetration [3,8]. To address this, perio-
perative IPC has been employed as an adjunct to surgery:
by delivering chemotherapy directly into the abdominal
cavity at the time of minimal residual disease, it aims to
eradicate microscopic tumor implants and prevent perito-
neal recurrence [9-12].

This study systematically analyzed the toxicity profile
associated with postoperative IPC in patients with GI can-
cers and investigated the impact of different IPC modalities
and regimens on adverse reactions. The main findings
include the following: first, compared with surgery alone,
the administration of chemotherapy into the peritoneal
cavity — regardless of whether it is delivered with
hyperthermia - significantly increases the incidence of
abnormalities in several laboratory parameters, notably
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anemia, liver function impairment, and a hypercoagulable
state. This suggests that, while IPC improves local tumor
control, it also imposes an additional systemic toxic
burden. In the HIPEC group, nearly half of the patients
experienced a postoperative decline in hemoglobin,
compared with approximately one-quarter in the sur-
gery-alone group. The high incidence of anemia may be
partially attributed to mild bone marrow suppression
induced by IPC or surgical blood loss. Notably, we did
not observe a significant increase in leukopenia or neutro-
penia; the incidences of leukocyte and neutrophil count
reductions remained between 1 and 3% across all three
groups, with no statistically significant differences. This
indicates that the systemic marrow toxicity of IP drug
delivery is minimal, which is consistent with previous
reports, suggesting that IP administration can reduce the
systemic toxicity typically seen with intravenous che-
motherapy. In contrast, the impact of IPC on platelets
was more evident when hyperthermia was added: the inci-
dence of thrombocytopenia in the HIPEC group was signif-
icantly higher than that in the surgery-alone group (7.7 vs
2.9%, P < 0.05), while the normothermic IPC group was
comparable to the control [13]. This finding suggests that
hyperthermia may, to some extent, exacerbate platelet
consumption or dilution. However, overall, adverse reac-
tions related to bone marrow suppression remain rare in
patients receiving IPC, with most cases being classified as
CTCAE Grade 1 and no severe (Grade 3-4) hematologic
toxicities observed [14]. Moreover, the incidence of renal
impairment was less than 12% in all groups, with no sig-
nificant differences among them. This observation is in line
with recent improvements in HIPEC protocols; previous
studies have also reported that modern HIPEC rarely
causes severe nephrotoxicity [15]. Overall, our results con-
firm that the toxic effects of IPC predominantly manifest in
hematologic and biochemical parameters — particularly
changes in liver function and coagulation — while the
bone marrow suppression commonly seen with systemic
chemotherapy is not prominent with IP administration.
Second, our study compared the toxicity profiles of
HIPEC and IPC. In the unstratified analysis, certain adverse
reactions, such as thrombocytopenia and anemia, appeared
more frequent in the HIPEC group than in the IPC group.
However, since the HIPEC group had a higher proportion of
advanced-stage patients (with 79.6% in stage III-IV compared
to 59.8% in the IPC group), we performed stratified analyses
to control for the effect of tumor stage. The stratified results
showed that, among early-stage patients (stage I-II), there
was no statistically significant difference in the incidence of
adverse reactions between HIPEC and normothermic IPC;
similarly, in advanced-stage patients (stage III-IV), the two
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treatment modalities did not differ significantly. For example,
in early-stage cases, the incidence of liver injury was compar-
able between the HIPEC group and the IPC group (50.0 vs
54.5%), and in advanced-stage cases, the rates were similarly
close (62.8 vs 65.3%), with no significant differences observed
[16]. These results suggest that, after controlling for disease
stage and other factors, hyperthermia itself does not signifi-
cantly increase IPC-related toxicity. In other words, the safety
profiles of HIPEC and normothermic IPC are comparable.
This conclusion is consistent with some previous studies;
for example, a matched control study in patients with color-
ectal PC found similar rates of perioperative complications
between HIPEC and sequential normothermic IPC, while
HIPEC demonstrated better disease control.

We conducted an in-depth analysis of risk factors for
liver function impairment, a key toxicity of IPC. Among all
patients receiving IPC, liver toxicity was the most common
biochemical adverse reaction (with an overall incidence of
approximately 61%), and most cases were transient and
mild. Through separate logistic regression analyses for
the IPC and HIPEC groups, we found that the predictors
of liver injury differed between the two. In patients
receiving normothermic IPC, the severity of postoperative
GI reactions was significantly associated with liver injury:
patients who experienced Grade II or higher nausea and
vomiting had a liver enzyme elevation incidence of up to
76.5%, which was markedly higher than the 46.2%
observed in patients with no or mild GI symptoms.
Multivariate analysis confirmed that a GI reaction of
>Grade II was an independent risk factor for liver injury
in the IPC group (OR = 3.72, P < 0.05). This phenomenon
may reflect a relationship between severe GI toxicity and
systemic inflammatory responses or impaired drug meta-
bolism — intense nausea, vomiting, and GI dysmotility can
affect nutritional and fluid balance, thereby compromising
the liver’s ability to tolerate chemotherapeutic agents.
Additionally, in the IPC group, the choice of chemothera-
peutic regimen significantly influenced liver toxicity. We
observed that patients receiving a combination of pla-
tinum and docetaxel had the highest incidence of liver
injury (81.8%), whereas those receiving 5-FU monotherapy
had the lowest (48.9%), with the platinum plus 5-FU
regimen falling in between (69.2%). Multivariate logistic
regression further confirmed the importance of regimen
differences: compared with 5-FU alone, and the platinum
plus docetaxel regimen increased the risk of liver injury by
approximately 8.75-fold (OR = 8.75; P = 0.008). In contrast,
the platinum plus 5-FU regimen did not differ significantly
from 5-FU monotherapy, suggesting that regimens con-
taining taxanes (e.g., docetaxel) are more hepatotoxic
when administered intraperitoneally [17]. This result
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aligns with previous literature reporting that the HIPEC
regimen is a major determinant of liver toxicity, particu-
larly with cisplatin plus docetaxel significantly increasing
postoperative transaminase elevations. Docetaxel, a taxane
that undergoes hepatic metabolism, has been associated
with elevated liver enzymes in systemic chemotherapy.
IP administration of docetaxel results in high local concen-
trations within the peritoneum and portal circulation,
leading to direct hepatic insult.

In the HIPEC group, a broader range of factors —
including the chemotherapeutic regimen, HIPEC technique
(open vs closed), perfusion duration, and extent of surgery
— were associated with liver injury in univariate analysis.
Multivariate regression highlighted that the IPC regimen
remained an independent predictor of liver injury, with the
platinum plus docetaxel regimen conferring the highest risk;
in addition, open HIPEC significantly increased the risk com-
pared with closed HIPEC (OR = 4.80, P = 0.020). Open HIPEC,
typically used in patients with extensive peritoneal dissemi-
nation requiring aggressive CRS, likely results in greater expo-
sure of the peritoneal surfaces and adjacent liver tissues to
the chemotherapeutic agents, thereby explaining the
increased toxicity [17]. Notably, while low BMI (ie., <18.5)
was associated with a higher incidence of liver enzyme eleva-
tion in univariate analysis of the HIPEC group, it did not
retain significance in the multivariate model, possibly due
to interactions with other treatment-related factors [18].

Regarding the potential mechanisms and biological sig-
nificance of our findings, the observed predominance of liver
and coagulation abnormalities following IPC can be attrib-
uted to the unique pharmacokinetics of IP drug delivery
[17]. When chemotherapy is administered directly into the
peritoneal cavity, a substantial proportion of the drug is
absorbed via the peritoneal capillaries and enters the portal
circulation, thereby exposing the liver to high drug concen-
trations — a phenomenon known as the “first-pass” effect.
This results in transient elevation of liver enzymes, even
though the overall systemic absorption is limited. Moreover,
the surgical trauma and the inflammatory response induced
by both major surgery and hyperthermia can further contri-
bute to transient hepatic dysfunction and activation of the
coagulation cascade [19,20]. Our observation of elevated
D-dimer levels in the IP chemotherapeutic groups, particu-
larly in the HIPEC group, supports the notion that these
patients develop a hypercoagulable state [21]. Although we
did not directly correlate these laboratory findings with clin-
ical thromboembolic events, the high incidence of D-dimer
elevation emphasizes the need for vigilant postoperative
thromboprophylaxis.

The toxicities associated with IPC stem from a combina-
tion of local pharmacokinetics, systemic exposure via the
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peritoneal-portal circulation, and procedure-related stres-
sors. Chemotherapeutic agents administered into the perito-
neal cavity achieve high local concentrations, but a fraction is
absorbed through the peritoneal capillaries into the portal
vein, exposing the liver to a transient high “first-pass” drug
load. This leads to elevations in ALT/AST and bilirubin, espe-
cially when agents such as platinum compounds and taxanes
— which undergo hepatic metabolism - are used.
Hyperthermia (41-43°C) increases membrane permeability
and enhances drug uptake by peritoneal tumor cells, but it
may also exacerbate damage to mesothelial and vascular
endothelium, contributing to mild thrombocytopenia and
inflammatory cytokine release. Major surgery and HIPEC
trigger a surge of pro-inflammatory cytokines, which can
impair marrow function and activate coagulation pathways,
explaining the observed D-dimer elevations and, to a lesser
extent, transient declines in blood cell counts. An open-
abdomen HIPEC technique and longer perfusion times
increase the peritoneal surface and hepatic exposure, ele-
vating the risk of both liver injury and inflammatory-
mediated coagulopathy.

Inter-individual differences in chemotherapy toler-
ance and toxicity are increasingly attributed to molecular
biomarkers. For example, mitochondrial-associated long
non-coding RNAs have been implicated in drug resistance
mechanisms in laryngeal carcinoma, suggesting that
similar IncRNA signatures may underlie variability in
hepatotoxicity and hematologic suppression after IPC
[22]. Nutritional and metabolic status also play key roles:
a recent Mendelian randomization analysis demonstrated
that circulating micronutrient levels — including vitamins
D and B12 - modulate cancer outcomes, supporting our
observation that low BMI predisposes to liver injury post-
HIPEC [23]. Moreover, routine biochemical markers such
as serum calcium and D-dimer have been shown to predict
survival in colorectal cancer, underscoring the value of
laboratory indices as early warning signals for adverse
events [24]. Preoperative risk stratification using the mod-
ified Glasgow Prognostic Score and immune-inflammatory
indices has further refined prognostic modeling in GI
malignancies [25]. Finally, composite hematologic indices
— such as neutrophil-to-lymphocyte ratio combined with
platelet-to-lymphocyte ratio - have demonstrated
enhanced prognostic accuracy in recent retrospective
cohorts [26,27], pointing toward future development of
integrated risk models for IPC toxicity.

The clinical implications of our findings are significant.
Our results indicate that while IPC — whether delivered
under normothermic conditions or as HIPEC — provides a
valuable strategy for local tumor control, it also increases
the risk of specific toxicities, particularly hepatic injury and
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coagulation abnormalities. Importantly, the addition of
hyperthermia does not seem to substantially exacerbate
toxicity when differences in clinical stage are taken into
account. Rather, the choice of chemotherapeutic regimen
(with platinum plus docetaxel being the most toxic) and
technical factors such as the HIPEC method (open vs closed)
are the primary determinants of adverse reactions.
Clinicians should therefore consider modifying IPC protocols
for high-risk patients, such as selecting less hepatotoxic drug
combinations and optimizing HIPEC techniques, as well as
implementing rigorous perioperative monitoring and suppor-
tive measures to mitigate these risks.

Our retrospective cohort design has inherent limita-
tions, including potential selection bias, unmeasured
confounding, and inability to infer causality. While strict
eligibility criteria, stratification by clinical stage, and multi-
variate adjustment mitigate these biases, prospective stu-
dies are warranted to confirm these findings and explore
additional factors such as genetic polymorphisms.

5 Conclusions

In conclusion, our study demonstrates that although IPC
significantly increases the incidence of laboratory toxici-
ties — particularly anemia, liver enzyme elevations, and
D-dimer abnormalities — in GI cancer patients compared
to surgery alone, the toxicities are generally mild to mod-
erate and manageable. Moreover, hyperthermic delivery
(HIPEC) does not substantially worsen the toxicity profile
compared with normothermic IPC when disease stage is
controlled. The key determinants of liver injury are the
chemotherapeutic regimen, especially the inclusion of tax-
anes with platinum agents, and the HIPEC technique, with
open HIPEC posing a higher risk. These findings provide a
rationale for individualizing IPC protocols to maximize
therapeutic benefits while minimizing toxicity, thereby
improving the overall safety and efficacy of treatment in
GI cancer patients.
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