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Aim: To investigate the incidence and risk factors of hepatotoxicity induced by perioperative
hyperthermic intraperitoneal chemotherapy (HIPEC) in gastrointestinal carcinoma patients.
Patients and methods: Patients with gastrointestinal cancers treated with surgery in the pres-
ence or absence of HIPEC at a single institution were retrospectively reviewed. The patients
received the treatment of surgery + HIPEC or surgery alone. The incidence of hepatotoxicity
induced by HIPEC was recorded and risk factors were analyzed.

Results: In total, 301 eligible patients were included in the study, with 201 cases in the surgery +
HIPEC group and 100 cases in the surgery group alone. The incidence of hepatotoxicity in
the surgery + HIPEC group was higher than that in the surgery-alone group (57.71% vs 42%,
P<0.05). In univariate analysis, HIPEC regimens, HIPEC techniques, HIPEC duration, and
gastrointestinal complications were associated with the incidence of hepatotoxicity (P<<0.05),
while patient age, gender, tumor type, clinical stage, pathological type, blood transfusion,
hepatitis B virus infection status, long-term alcohol use, and surgical techniques were not
(P>0.05). Multivariate analysis showed that HIPEC regimen was the main risk factor of hepa-
totoxicity induced by HIPEC, with cisplatin + docetaxel being an independent risk factor of
the HIPEC-induced hepatotoxicity. Open HIPEC techniques and HIPEC duration more than
60 minutes tend to increase the incidence of hepatotoxicity.

Conclusion: Surgery + HIPEC increases the incidence of hepatotoxicity. HIPEC regimen is
the main risk factor for hepatotoxicity induced by HIPEC. Further prospective study is needed
to confirm our conclusion.

Keywords: hepatotoxicity, HIPEC, gastrointestinal tumors, perioperative

Introduction

Peritoneal dissemination from gastrointestinal cancers is common and occurs in
5%—-20% of patients explored for potential curative resection. Peritoneal relapse or
metastasis is the major failure pattern of advanced gastrointestinal cancers and is a
significant cause of death in colorectal cancer, gastric cancer, and pancreatic cancer
patients.! Gastrointestinal cancer associated-carcinomatosis was regarded as a ter-
minal disease and could only be treated with palliative strategies. However, in the
recent decade, new curative treatment options for selected patients with peritoneal
dissemination from gastrointestinal cancers have emerged and bring new hope for
these advanced patients.
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The novel therapeutic strategies for peritoneal carcino-
matosis (PC) that have emerged that combine cytoreductive
surgery (CRS) and peritonectomy procedures® with peri-
operative intraperitoneal chemotherapy (PIC), including
hyperthermic intraperitoneal chemotherapy (HIPEC), and/
or early postoperative intraperitoneal chemotherapy.’* The
first study documenting a combination of intraperitoneal
chemotherapy with long-term intraperitoneal thermotherapy
was reported by Spratt et al’ in 1980. Theoretically, cytore-
ductive surgery is performed to treat macroscopic disease,
and PIC is used to treat microscopic residual disease with
the objective of removing disease completely in a single pro-
cedure. It was considered standard of care for diseases such
as pseudomyxoma peritonei or peritoneal mesothelioma."*
Moreover, it is the only treatment that has brought curative
results for carcinomatosis in many clinical trials.”*!°

However, oncologists remain skeptical regarding the high
toxicity of this combined therapeutic approach despite many
of these studies suggesting a survival benefit. Several studies
have reported the clinical and treatment-related risk factors
for perioperative morbidity and mortality in patients who
underwent CRS and PIC."-"* The incidence of perioperative
mortality ranged from 1% to 3%.""'3 Most studies mainly
emphasized on the complications and risk factors of surgery,
while little was known about the complications of the HIPEC.
Specifically, to our knowledge, there are few studies about the
incidence and risk factors of hepatotoxicity induced by the
HIPEC in gastrointestinal carcinoma patients who received
a combined treatment of CRS and HIPEC.

In the present study, we retrospectively analyzed the
incidence of hepatotoxicity induced by HIPEC in gastroin-
testinal carcinoma patients. We also identified the associated
risk factors of the hepatotoxicity induced by perioperative
HIPEC, which may help to reduce hepatotoxicity and to
improve HIPEC in future studies.

Patients and methods

Patient population

All patients with gastrointestinal carcinoma treated with
surgery or surgery + HIPEC at Zhongnan Hospital of
Wuhan University from January 2013 to December 2016
were selected for evaluation in this study. The study was
approved by Ethics Committee of Zhongnan Hospital of
Wuhan University.'* All patients signed informed consent
prior to HIPEC treatment, which included allowing their data
to be used for further research. All patient data was treated
with strict confidentiality. Owing to the retrospective nature
of the present study, it was granted an exemption in writing
by the Ethics Committee of Zhongnan Hospital of Wuhan

University. Inclusion criteria were age between 18 and
70 years, good performance status (World Health Organiza-
tion Performance Status =2), and a histological diagnosis
of gastrointestinal carcinoma. Patients with extra-abdominal
metastasis and abnormality of liver function, renal function,
blood count, and electrocardiogram before operation and
HIPEC were excluded. Patients receiving any abdominal
operations, including liver surgery, liver radiofrequency abla-
tion, and other liver-damaging interventions, within 1 month
of the surgery or HIPEC were also excluded.

Surgical treatment

All patients received surgical treatment including radical
surgical resection, CRS, tumor excision, or exploratory
laparotomy. Locally advanced gastrointestinal carcinoma
patients with high risk of peritoneal metastasis received radi-
cal surgical resection. CRS in these patients was performed
to visible clear abdominal and pelvic cancer nodules, while
normal peritoneum and normal visceral structures were
not resected during CRS. Tumor excision and exploratory
laparotomy were used to reduce the symptoms and tumor
burden with a palliative purpose. In all patients, a mechani-
cal bowel preparation was used. Patients received antibiotic
prophylaxis within 1 hour prior to abdominal incision.
Prophylaxis for venous thrombosis and pulmonary embolus
during the cytoreductive surgery was limited to sequential
compression devices.

PIC

The detailed procedures were carried out according to pre-
vious reports.'*!'¢ Briefly, the chemotherapeutic drugs were
dissolved in 3 L saline. The perfusion solution was infused
at a rate of 400 mL/min when the perfusion saline was kept
at 43.0°C+£0.5°C and monitored with temperature sensors in
real time by an automatic hyperthermia chemotherapy per-
fusion device (ES-6001, Wuhan E-sea Digital Engineering,
Wuhan, People’s Republic of China). The total HIPEC time
was 60 minutes.

Assessment of liver function

Liver function was detected before and after HIPEC in each
patient. Data of AST, ALT, TBIL, and PT were collected
and assessed using the Common Terminology Criteria for
Adverse Events version 4.0 at baseline and 3 days after the
completion of HIPEC.

Review of the clinical record
The history of alcohol abuse and blood transfusion and
the status of hepatitis B virus infection were reviewed and
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recorded for each patient. The occurrence of vomiting of
degree II or higher (Common Terminology Criteria for
Adverse Events version 4.0) induced by HIPEC was also
recorded.

Statistical analysis

Data was analyzed using the Statistical Package for Social
Sciences version 22.0 (IBM Corporation, Armonk, NY,
USA). The numerical data were directly recorded, and the
categorical data were recorded into different categories. The
* test was used for univariate comparisons. All variables
associated with the hepatotoxicity with a P-value <0.05 in
univariate analysis were examined consecutively with mul-
tivariate analysis using a forward stepwise binary logistic
regression model. Significance was defined as P<<0.05.

Results
Major clinical and pathological

characteristics of the patients
A total of 301 consecutive gastrointestinal cancer patients
who underwent surgery with or without HIPEC between

January 2013 and December 2016 were evaluated. In the
surgery + HIPEC group, 201 cases were treated with HIPEC +
radical operation, or cytogenetic surgery, or tumor resec-
tion, or laparotomy, and 100 patients underwent surgery
alone (tumor resection or radical surgery) in the surgery-
alone group. Major clinical and pathological characteristics
were balanced between the 2 groups. The detailed clinical
and pathological characteristics and treatment information
of patients in the 2 groups are listed in Table 1. The number of
patients receiving different HIPEC regimen was as follows:
112 patients were treated with cisplatin (Cis) and docetaxel
(Doc), 48 patients were treated with 5-fluorouracil (5-FU)
and Doc, 21 patients were treated with 5-FU and Cis, and
20 patients were treated with 5-FU alone.

Incidence of hepatotoxicity in the

surgery + HIPEC and surgery-alone groups
A total of 116 out of the 201 patients (57.71%) in the surgery +
HIPEC group developed hepatotoxicity, in which grades I, 11,
II1, and IV hepatotoxicity were seen in 94 (94/201, 46.77%),
19(19/201,9.45%), 3 (3/201, 1.49%), and 0 (0.00%) patients,

Table | The basic characteristics of the 301 patients in current study

Items Surgery + HIPEC Surgery alone n r P-value

Age 0.200 0.655
<60 108 51 159
=60 93 49 142

Sex 0.18 0.895
Male 119 60 179
Female 82 40 122

Tumor type 0.457 0.499
Gastric cancer 119 56 175
Colorectal cancer 82 44 112

Clinical stage 0.249 0618
-l 47 26 73
-v 154 74 228

Pathological pattern 2.399 0.301
Adenocarcinoma 182 94
Signet ring cell carcinoma 12 2
Adenocarcinoma + signet ring cell carcinoma 7 4

Hepatitis B virus infection status 0.546 0.460
None 175 90 365
Yes 26 10 36

Long-term alcohol use 0.033 0.856
None 159 80 239
Yes 42 20 62

Gastrointestinal complications 0.216 0.642
| 173 88 261
=l 28 12 40

Blood transfusion 1.194 0.275
No 179 93 272
Yes 22 7 29

Note: P<<0.05 considered statistically significant.

Abbreviation: HIPEC, hyperthermic intraperitoneal chemotherapy.
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Table 2 The incidence of hepatotoxicity in the surgery + HIPEC
and surgery-alone groups in patients with gastrointestinal cancer

Items Number Number of N (%) y*  P-value
hepatotoxicity
Treatment method 6.610 0.0l
Surgery + HIPEC 201 16 57.71
Surgery alone 100 42 42.00

Note: P<<0.05 considered statistically significant.
Abbreviation: HIPEC, hyperthermic intraperitoneal chemotherapy.

respectively. Forty-two out of the 100 (42.00%) patients in
the surgery-alone group had hepatotoxicity, in which grade I,
II, and IIT of hepatotoxicity was seen in 33 (33%), 8 (8%),
and 1 (1%) patients, respectively, and there were no cases
of grade IV hepatotoxicity. No grade I'V hepatotoxicity was
noticed in both groups. The surgery + HIPEC group showed
a higher incidence of hepatotoxicity than that of the surgery-
alone group (P<<0.05), especially in the category of grade I
hepatotoxicity. The detailed incidence of hepatotoxicity in
each group is indicated in Table 2.

Univariate analysis of risk factors
associated with the incidence of
hepatotoxicity in the surgery +
HIPEC group

Table 3 shows the influence of 9 investigated clinical factors
on the incidence of hepatotoxicity in the surgery + HIPEC
group. Gastrointestinal complications =II was associated
with the incidence of hepatotoxicity (P=0.016). There was
no correlation between the incidence of hepatotoxicity and
clinical factors such as patient age, gender, tumor type,
clinical stage, pathological pattern, interpretative blood
transfusion, hepatitis B virus infection status, and long-term
alcohol use.

Table 4 indicates the influence of 4 treatment-related
factors on the incidence of hepatotoxicity in the surgery +
HIPEC group. There was no correlation between the surgi-
cal approaches and the incidence of hepatotoxicity. Three
treatment-related factors were associated with the incidence
of hepatotoxicity: HIPEC regimes (platinum + Doc regiments,

Table 3 The main clinicopathological features of 201 patients in surgery + HIPEC group

Items Number Number of n (%) r P-value
hepatotoxicity

Age 0.037 0.847
<60 108 63 58.30
=60 93 53 56.99

Gender 0.009 0.925
Male 119 69 57.98
Female 82 47 57.31

Tumor type 3.375 0.066
Gastric cancer 119 75 63.00
Colorectal cancer 82 41 50.00

Clinical stage 0.144 0.704
- 47 26 55.32
-V 154 90 58.44

Pathological pattern 0.566 0.754
Adenocarcinoma 182 104 57.14
Signet ring cell carcinoma 12 7 5833
Adenocarcinoma + signet ring cell carcinoma 7 5 71.43

Hepatitis B virus infection status <0.001 0.998
Yes 26 15 57.69
None 175 101 57.71

Long-term alcohol use 0.94 0.332
Yes 42 27 64.29
None 159 89 55.97

Gastrointestinal complications 5.800 0.016
=l 28 22 78.57
| 173 94 54.34

Blood transfusion 0.355 0.551
Yes 22 14 63.64
None 179 102 59.98

Note: P<<0.05 considered statistically significant.
Abbreviation: HIPEC, hyperthermic intraperitoneal chemotherapy.
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Table 4 HIPEC different chemotherapy regimen, the effect of surgery on hepatotoxicity

Items N Number of n (%) r P-value
hepatotoxicity

HIPEC regimes 18.007 <0.001
5-FU + Doc 48 22 45.83
Platinum + Doc 112 79 70.5
5-FU 20 8 40.00
Platinum +5-FU 21 7 333

Surgical approaches 0.790 0.374
Radical surgery + HIPEC 130 78 60.00
Palliative surgery + HIPEC 71 38 53.52

Method of HIPEC 8411 0.004
Closed-abdomen technique 152 79 51.97
Open-abdomen technique 49 37 7551

Duration of HIPEC 3.942 0.047
<60 minutes 54 25 46.30
=60 minutes 147 9l 61.90

Note: P<<0.05 considered statistically significant.

Abbreviations: 5-FU, 5-fluorouracil; Doc, docetaxel; HIPEC, hyperthermic intraperitoneal chemotherapy.

P<0.001), HIPEC methods (open-abdomen technique,
P=0.004), duration of HIPEC (=60 minutes, P=0.047).

Multivariable analysis of risk factors
associated with the incidence of
hepatotoxicity in the surgery +

HIPEC group

Table 5 shows the results of the multivariable analysis,
where only HIPEC regimen was found to be indepen-
dently associated with the incidence of hepatotoxicity in
the surgery + HIPEC group. The regiment of docetaxel +
Cis was associated with highest risk of HIPEC-induced
hepatotoxicity (Cis + Doc vs 5-Fluorouracil + Doc: odds
ratio =2.393, P=0.028; Cis + Doc vs Cis +5-Fluorouracil,
odds ratio =4.225, P=0.007). Patients with different meth-
ods of HIPEC, different durations of HIPEC, and different

Table 5 Multivariate analysis of hepatotoxicity

Items B P-value OR 95% CI
Different HIPEC regimes 0.018
Cis + Doc vs 5-FU + Doc ~ 0.873 0.028 2393 1.099-5.213
5-FU + Doc vs 5-FU 0.064 0.912 1.066 0.345~3.296
Cis + Doc vs 5-FU 0.936 0.082 2.551 0.887~7.339
5-FU + Doc vs Cis +5-FU ~ 0.568 0.305 1.765 0.596~5.229
Cis + Doc vs Cis +5-FU 1.441  0.007 4225 1.470~12.144
5-FU vs Cis +5-FU 0.505 0.466 1.656 0.427~6.429
Method of HIPEC 0.270 0.539 1.310 0.554~3.099
Duration of HIPEC 0461 0213 1.586 0.767~3.281
Gastrointestinal complications 0.808 0.111 2244 0.831-6.058

Note: P<<0.05 considered statistically significant.
Abbreviations: 5-FU, 5-Fluorouracil; Cis, Cisplatin; Doc, Docetaxel; HIPEC,
hyperthermic intraperitoneal chemotherapy; OR, odds ratio.

gastrointestinal complications showed no significant differ-
ence in the incidence of hepatotoxicity.

Discussion

Currently, CRS + HIPEC proposed by Verwaal et al'”’ is
the most effective strategy to treat PC. This comprehensive
treatment strategy takes full advantages of surgical resection,
locoregional chemotherapy, and hyperthermal therapy. CRS
can maximally remove the visible abdominopelvic tumors,
and HIPEC can eradicate invisible residual tumor nodules,
micrometastases, and free cancer cells. We have finished
experimental'® and clinical'>!%!” studies to confirm the safety
and effectiveness of CRS + HIPEC for PC. In the present
study, we retrospectively investigated the incidence of hepa-
totoxicity and analyzed the risk factors. We found that HIPEC
can significantly increase the incidence of hepatotoxicity,
especially grade I hepatotoxicity. The HIPEC regimen of Cis +
Doc is an independent risk factor of the HIPEC-induced
hepatotoxicity.

The common complications of CRS + HIPEC are grouped
into gastrointestinal, pulmonary, hematological complica-
tions, and others. Small bowel perforations and anastomotic
leaks are the most common and clinically significant gastroin-
testinal complications after CRS and HIPEC .2’ Postoperative
pleural effusions and pneumonia are common pulmonary
complications after CRS and HIPEC.?' Hematological toxicity
represented the commonest cause of complications in 13% of
patients'! after CRS and HIPEC. Other complications such as
renal insufficiency, vascular access infections, hepatotoxicity,
and venous thromboembolism are less frequent, and are not
adequately explored in most studies. In the present study,
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the incidence of hepatotoxicity in the group of surgery +
HIPEC was much higher than that in the group of surgery
alone. Each patient diagnosed with hepatotoxicity induced by
surgery + HIPEC received liver-protective treatment in our
study. Therefore, the incidence and severity of hepatotoxicity
induced by surgery + HIPEC may be higher than the reported
results in the present study. Our results suggest that we need
to pay more attention to HIPEC-induced hepatotoxicity, and
a prophylactic liver-protective treatment may be reasonable.

Most chemotherapy drugs can induce a certain degree
of hepatotoxicity. Hepatotoxicity associated with HIPEC
is also closely related to the selection of chemotherapeutic
regiments. Commonly used chemotherapies include
platinum-based drugs (including Cis, carboplatin, oxalip-
latin, laboplatin), taxanes (including paclitaxel and Doc),
mitomycin, and 5-FU, among others. Regimens can consist
of a single drug or multiple drugs. Presently, the dose of
chemotherapeutic drugs is based on the standard doses of
intravenous chemotherapy. Yet, high-dose regimes absorbed
into the portal vein can damage normal stem cells. Moreover,
the peritoneum is around 90 um in thickness, whereas highly
concentrated intraperitoneal chemotherapy can reach cyto-
toxic concentrations 1-3 mm below the peritoneum and up
to 3—6 mm when used in conjunction with hyperthermia.?
Chemotherapeutic drugs are thus able to penetrate the peri-
toneal and visceral layers, causing damage to hepatic cells.
The 4 groups of chemotherapy drugs cause different extents
of hepatotoxicity. Among them, the combined regimen using
Cis + Doc has the highest incidence of hepatotoxicity. Hence,
when selecting chemotherapeutic drugs for HIPEC, the inci-
dence of hepatotoxicity should also be taken into account in
addition to the treatment efficacy. On the other hand, when
the combination of Cis + Doc is used as HIPEC regimen,
perioperative hepatoprotective measures could be taken to
prevent possible hepatotoxicity.

Intraoperative HIPEC can be performed by 2 methods:
open-abdomen technique (before abdominal closure) or
closed-abdomen technique (after abdominal closure). The
open-abdomen technique can evenly distribute chemotherapy
drugs and heat in the abdominal cavity, but there is a risk
of heat loss and the exposure to chemotherapy drugs for the
surgical team. In general, the longer the HIPEC duration and
the higher the HIPEC temperature are, the greater its effect
in tumor cell killing is, although the corresponding effects
on normal cells also intensify. To our knowledge, there is
no study that has investigated the effect of HIPEC methods
on hepatotoxicity to date. Our study indicated that HIPEC
techniques (open or closed procedures) and HIPEC duration

are closely related with the incidence of hepatotoxicity in
patients treated with surgery + HIPEC in univariate analysis.
The incidence of hepatotoxicity in the group that underwent
open HIPEC techniques and had HIPEC duration longer
than 60 minutes tended to show an increase in the incidence
of hepatotoxicity, although with no statistical significance
in multivariable analysis. So, it may be necessary for the
patients undergoing open HIPEC techniques and with HIPEC
duration longer than 60 minutes to receive a hepatoprotective
treatment before HIPEC.

In the present study, we also found that the gastroin-
testinal complications induced by surgery + HIPEC have
a close relationship with the incidence of hepatotoxicity in
univariate analysis. We did not detect the cause and effect
relationship between the gastrointestinal complications and
hepatotoxicity. Nausea, vomiting, loss of appetite, diarrhea,
and constipation are all adverse reactions associated with
standard chemotherapeutic treatment. In severe cases,
digestive system dysfunction can lead to poor treatment
compliance and lower quality of life. Perioperative HIPEC
can alter gastrointestinal reactivity, possibly by altering
the postoperative structure of the gastrointestinal tract.
According to some reports, more than 60% of patients
receiving postoperative adjuvant chemotherapy for gastro-
intestinal tumors experience gastrointestinal complication of
grade II or higher.?*?* On the contrary, our research shows
that perioperative HIPEC patients do not experience a high
incidence of gastrointestinal complication (28/201, 13.93%),
but the incidence of concomitant hepatotoxicity among
patients who underwent grade II or more gastrointestinal
complication was significantly increased (22/28, 78.57%).
Thus, concern must be raised on gastrointestinal complica-
tion during HIPEC treatment. Liver function tests ought to
be performed at the onset of gastrointestinal complication,
and hepatoprotective treatment should be commenced as
soon as possible.

In the present study, we did not find association between
hepatotoxicity induced by surgery + HIPEC and hepatitis B
virus infection status, long-term drinking history, blood
transfusion, and surgical methods. Surgery can also cause
abnormal liver function, but its degree is generally lower and
mostly transient. According to reports, hepatitis B virus®
and alcohol? will increase the incidence of hepatotoxicity in
chemotherapy patients. These conclusions are mostly arrived
at from the data of systemic chemotherapy studies but not
HIPEC studies. The different risk factors of hepatotoxicity
induced by HIPEC and systemic chemotherapy are yet to
be further studied.

submit your manuscript

5720

Dove

OncoTargets and Therapy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

The incidence and risk factors of hepatotoxicity induced by HIPEC

Taken together, we retrospectively analyzed the incidence
and risk factors of hepatotoxicity induced by HIPEC in
gastrointestinal carcinoma in a central China cancer center.
We found that HIPEC can significantly enhance the incidence
of hepatotoxicity. The HIPEC regimen of Cis + Doc is an
independent risk factor for HIPEC-induced hepatotoxicity.
Open HIPEC techniques and HIPEC duration for more than
60 minutes tend to increase the incidence of HIPEC-induced
hepatotoxicity. The gastrointestinal complications during
HIPEC may reflect the hepatotoxicity induced by HIPEC.
This preliminary conclusion is yet to be clarified by random-
ized control studies.
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