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Abstract 

Background  Peritoneal metastasis (PM) after radical surgery is an important cause of treatment failure in colorectal 
cancer (CRC). Intraoperative intraperitoneal perfusion chemotherapy may be an effective method for preventing post-
operative PM in patients with CRC. This study aimed to explore the safety and feasibility of intraoperatively preventive 
intraperitoneal perfusion chemotherapy using lobaplatin for CRC.

Methods  Between 12 December 2017 and 17 October 2019, 720 eligible CRC patients with T4 or N + clinical TNM 
stage were recruited from 25 hospitals in China. Eligible patients were randomised in a 1:1 ratio to undergo resection 
of CRC only (control group) or resection of CRC with intraperitoneal perfusion chemotherapy with lobaplatin intra-
operatively (lobaplatin group). The primary endpoint of this trial was the rate of PM after surgery, while secondary 
endpoints included safety, overall survival (OS) time, recurrence-free survival (RFS) time, peritoneal recurrence-free 
survival (PRFS) time, and the rate of liver metastasis.

Results  Of 716 patients included in the full analysis set (FAS), 352 were assigned to the lobaplatin group and 364 
to the control group. In the FAS population, adding intraoperatively preventive intraperitoneal perfusion chemother-
apy with lobaplatin decreased the primary end point rate of 3-year PM (3.56% vs 8.75%, P = 0.0053). There was no sig-
nificant difference in the 3-year OS between the groups (93.2% vs 90.4%, P = 0.1660). The 3-year RFS rate (88.1% vs 
81.6%, 0.0146) and 3-year PRFS rate (96.6% vs 91.5%, P = 0.0053) were significantly higher in the lobaplatin group 
than the control group. There were no statistically significant differences between the two groups in the incidence 
(69.77% vs 64.75%) or severity of adverse events (AEs) in the safety set (SS) population.
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Conclusions  Initiation of intraoperatively preventive intraperitoneal perfusion chemotherapy with lobaplatin 
reduced the 3-year PM rate in CRC patients while improving both 3-year RFS and PRFS. The treatment was well toler-
ated, and the safety findings were comparable with those of the control group.

Trial registration  Chinese Clinical Trial Registry, ChiCTR1800014617.

Keywords  Peritoneal metastases, Colorectal cancer, Intraperitoneal perfusion chemotherapy, Recurrence-free 
survival

Background
The peritoneum is a common site of metastasis in colo-
rectal cancer (CRC), with approximately 17% of patients 
with metastatic CRC exhibiting peritoneal dissemina-
tion [1–3]. Peritoneal metastasis (PM) is possible in 
some cases of CRC even after curative treatment for the 
primary tumour, and postoperative PM is believed to 
be connected with many high-risk factors such as right-
sided colon cancer, tumour invasion of more than half 
circle of the bowel, poorly-differentiated cancer, invasion 
of the serosa or beyond the serosa, presence of lymph 
node metastasis, and preoperative Carcinoembryonic 
Antigen (CEA) level ≥ 10 ng/ml [4–6].

An increasing number of researchers believe that iso-
lated PM can be considered a local lesion and may be 
treated with more aggressive local treatment modalities. 
A treatment regimen based on cytoreductive surgery 
combined with hyperthermic intraperitoneal chemother-
apy (HIPEC) is gradually being recommended. However, 
during long-term follow-up, the demonstrable survival 
benefit of intraperitoneal chemotherapy is minimal once 
PM is identified [7]. Intraoperative preventive intraperi-
toneal chemotherapy in patients with PM may be an 
effective method for decreasing the incidence of PM.

Among the drugs commonly used for CRC in HIPEC, 
cisplatin exhibits low solubility and poor bioavailability, 
carboplatin shows reduced sensitivity in certain tumour 
cells, 5-FU depends on hepatic enzyme activation and 
is cell cycle specific, and pirarubicin is associated with 
significant local irritation. In contrast, lobaplatin, a 
third-generation platinum-based agent, is a cell cycle 
non-specific drug with superior solubility among plati-
num compounds. Additionally, it rarely forms miliary 
nodules on the pleura and peritoneum and causes mini-
mal physical irritation. Its pH is closely aligned with the 
physiological pH of the human body, resulting in low 
chemical irritation. Lobaplatin has demonstrated sig-
nificant antitumour efficacy against various human solid 
tumours including ovarian cancer, breast cancer, and 
CRC [8, 9]. Therefore, this study was designed to test 
the hypothesis that intraoperatively preventive intra-
peritoneal perfusion chemotherapy with lobaplatin 
can decrease the rate of PM. Within this framework, 
we conducted an open-label, prospective, randomised, 

controlled, multicentre prospective study to explore the 
safety and feasibility of intraoperatively preventive intra-
peritoneal perfusion chemotherapy with lobaplatin for 
CRC.

Methods
Study design
This open-label, prospective, randomised, controlled, 
multicentre prospective study was approved by the Ethics 
Committee of the National Cancer Center/Cancer Hos-
pital, Chinese Academy of Medical Sciences and Peking 
Union Medical College (Approval No.: 16–147/122) 
and at all participating hospitals. The patients involved 
in this study were recruited by surgeons from 25 hospi-
tals in China, and all hospitals participating in this study 
performed more than 200 operations for CRC every 
year. This study was conducted in accordance with the 
Helsinki Declaration, and all patients provided written 
informed consent to participate. This study was reported 
in line with the Consolidated Standards of Reporting 
Trials (CONSORT) Guidelines [10]. The study began 
in December 2017 and the duration of inclusion was 
approximately 18 months.

Study population
Adults with resectable CRC without distant metasta-
ses were considered for inclusion in the study. Patients 
were eligible for this study when they met the follow-
ing inclusion criteria: 1) Age 18–75 years; 2) pathologi-
cally diagnosed colorectal adenocarcinoma; 3) initially 
diagnosed without chemotherapy or radiotherapy; 4) 
clinical stage T4 or N(+) tumour; 5) Eastern Coopera-
tive Oncology Group (ECOG) performance status 0 or 1; 
6) distance between the tumour and anal verge ≥ 10 cm 
in colonoscopy; 7) no present distant metastasis in chest 
and abdominal computed tomography (CT); 8) adequate 
bone marrow, liver, and renal function as assessed by 
the following laboratory requirements to be conducted 
within 15 days prior to randomisation: absolute neutro-
phil count (ANC) ≥ 1.5 × 109/L, platelets (PLT) ≥ 100 
× 109/L, haemoglobin ≥ 90 g/L, total bilirubin ≤ 1.5 upper 
normal limit (UNL), direct bilirubin ≤ 1.5 UNL, ala-
nine aminotransferase (ALT) ≤ 2.5 UNL, aspartate ami-
notransferase (AST) ≤ 2.5 UNL, serum creatinine ≤ UNL, 
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endogenous creatinine clearance rate > 55 ml/min; fast-
ing blood glucose ≤ 7 mmol/L; 9) women of child-bear-
ing age taking effective contraception measures; and 10) 
written informed consent.

Potential patients who met any of the following cri-
teria were excluded from participation in this study: 1) 
Had a major operation within 4 weeks prior to inclusion 
or having a non-healing operative wound; 2) second pri-
mary malignancy except in situ carcinoma of the cervix, 
adequately treated non-melanoma skin cancer, or other 
malignancy treated at least 5  years prior to inclusion 
without evidence of recurrence; 3) serious cardiovascular 
disorders including uncontrollable high blood pressure, 
unstable angina, myocardial infarction within 6 months, 
congestive heart failure with New York Heart Association 
class III or IV; 4) serious infections needing intravenous 
antibiotics, antifungal drugs, or antiviral drugs; 5) psychi-
atric disability or interfering with compliance; 6) serious 
bleeding of Common Terminology Criteria for Adverse 
Events (CTCAE) grade ≥ 3 within 4 weeks prior to inclu-
sion; and 7) any psychological, familial, sociological, or 
geographical condition potentially hampering compli-
ance with the study protocol and follow-up schedule.

Randomization
Randomisation was performed preoperatively if the par-
ticipants met all the criteria. The procedure for random 
allocation occurred after baseline data collection for 
all participants and was performed by a member of the 
research team who was independent of recruitment or 
data collection. Eligible patients were randomised in a 1:1 
ratio to undergo resection of CRC only (control group) or 
resection of CRC with intraperitoneal perfusion chemo-
therapy with lobaplatin intraoperatively (lobaplatin 
group). Randomisation was stratified by treatment cen-
tre, sex, age, and clinical stage for comparability between 
the two groups. The exact sequence was generated using 
algorithms available at http://​edc.​medro​ad.​cn/​sci/​login. 
This open-label trial involved no masking of treatment 
or outcomes because of the nature of the intervention, 
including clamping of the peritoneal drainage tubes for 
intraperitoneal perfusion chemotherapy.

Interventions
After randomisation, all enrolled patients underwent 
regular laparoscopic or open surgery. For the control 
group, 1000 mL of distilled water was used for peritoneal 
lavage after tumour removal and aspirated completely. 
A peritoneal drainage tube was placed in the surgical 
area, if necessary. Finally, the abdominal incision was 
closed according to routine operative procedures, and 
the operation ended. In the lobaplatin group, after perito-
neal lavage with 1000 mL of distilled water (the distilled 

water was also completely aspirated intraoperatively), at 
least two peritoneal drainage tubes were placed in the 
operation area. The abdominal incision was then closed. 
Lobaplatin at 60–120 mg (Hainan Changan International 
Pharmaceutical Co., Ltd.. Haikou, China) was dissolved 
in 500–1000 mL of 5% aqueous glucose solution (with a 
lobaplatin concentration of 120 mg/L) and injected via 
drainage tubes. To prevent lavage fluid from flowing out, 
the drainage tubes were clamped for 6  h after injection 
and then opened to guide fluid perfusion. If needed and 
appropriate, all patients received routine adjuvant ther-
apy 4 weeks after surgery according to the National Com-
prehensive Cancer Network (NCCN) recommendations, 
including chemotherapy, radiotherapy, targeted therapy, 
and immunological therapy. All participants were admin-
istered preventive or therapeutic antiemetics, if neces-
sary. Granulocyte Colony-Stimulating Factor (G-CSF), 
Thrombopoietin (TPO), and Interleukin-11 (IL-11) were 
not allowed for primary prevention during the screen-
ing and perioperative periods. Symptomatic drugs were 
administered in accordance with the National Compre-
hensive Cancer Network (NCCN) guidelines for CRC.

Follow‑up
A blinded trial coordinator recorded all patient symp-
toms and outcomes daily during hospitalisation. Post-
operative complications were calculated within 30 days 
of surgery, and postoperative mortality within 30 and 
90 days. Outpatient follow-up visits were recommended 
every 3 months for 2 years and every 6 months thereaf-
ter until 3 years after randomisation. Cancer recurrence 
and distant metastasis were monitored based on physical 
and laboratory examinations including biomarkers (CEA 
and CA-199); CT of the chest, abdomen, and pelvis at 
each visit; and complete colonoscopy every year. Adverse 
events (AEs) and serious adverse events (SAEs) were 
recorded and graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events version 4.0 (NCI CTC AE v 4.0).

Outcome measurements
The primary endpoint of this trial was the rate of PM 
detected during the follow-up period. Secondary end-
points included safety, overall survival (OS) (defined as 
the time from randomisation to death from any cause or 
emigration), recurrence-free survival (RFS) (calculated 
from the date of randomisation until local or distant 
recurrence), peritoneal recurrence-free survival (PRFS), 
and the rate of liver metastasis after surgery. Laboratory 
examination results, postoperative recovery, surgical 
complications, AEs, and SAEs were considered signifi-
cant factors related to safety.

http://edc.medroad.cn/sci/login


Page 4 of 11Su et al. BMC Medicine          (2025) 23:336 

PM assessment was mainly performed based on radio-
logical findings. PM was clinically defined as the presence 
of nodular, confluent, or infiltrative contrast-enhancing 
lesions involving the peritoneum, omentum, or mesen-
tery on contrast-enhanced CT. Diagnostic abdominal 
paracentesis could only be performed on patients with 
ascites. Fine-needle aspiration cytology or biopsy could 
be performed in patients with suspected PM deposits 
and laparoscopy may be considered if necessary.

Sample size
Based on previous research, PM is found in 7–15% of 
CRC patients at the first surgery, occurring in 4–19% of 
patients who initially underwent radical surgery [1–6, 
11]. We estimated that the 3-year PM rates for the con-
trol and lobaplatin groups were 15% and 8%, respectively. 
With an expected 24 months accrual and 24 months of 
follow-up, and assuming a drop-out rate of 10%, we 
planned to recruit 720 patients for randomisation to the 
two groups, which provides 80.7% actual power to show 
the difference with a two-sided α level of 0.05.

Statistical analysis
The full analysis set (FAS) was used to analyse the base-
line and outcome data of patients who were randomly 
assigned and received treatment. The per-protocol set 
(PPS) was used to analyse the evaluation data of patients 
who completed the trial without major protocol devia-
tions. All patients who received at least one dose of the 
study treatment constituted the safety set (SS). Effi-
cacy and safety were analysed using the FAS and SS, 
respectively.

SAS software (version 9.4; SAS Institute Inc., Cary, NC, 
USA) was used to analyse the clinical data of the patients 
in both groups. For the primary endpoint, the rate of PM 
was a product-limit estimation of the cumulative hazard 
and was presented with a 95% confidence interval (CI). 
Kaplan–Meier and log-rank tests were performed to 
evaluate OS and RFS, and the results were presented as 
hazard ratios (HRs) with 95% CIs. Cox regression models 
were used to estimate the association between the treat-
ment and survival. Quantitative variables were presented 
as mean and standard deviations and were compared 
with the student t-test, and categorical variables were 
compared with the χ2 test or Fisher’s exact test for prob-
ability. Ordinal categorical variables were analysed using 
the Wilcoxon rank-sum test. P values less than 0.05 were 
considered statistically significant.

Results
Study population
A flowchart of the study is summarized in Fig. 1. Between 
12 December 2017 and 17 October 2019, 720 eligible 

patients were recruited and assigned to the treatment 
and SS analysis, 354 to the lobaplatin group, and 366 to 
the control group. Four cases were excluded from the 
analysis because of the inclusion criteria, and 716 cases 
were included in the FAS analysis (352 cases in the loba-
platin group and 364 cases in the control group). Eleven 
patients could not undergo PPS analysis because of dis-
tant metastases during intraoperative exploration or poor 
compliance. There were 705 cases in the PPS analysis, 
of which 347 and 358 were in the lobaplatin and control 
groups, respectively. The baseline patient characteristics 
are shown in Table  1. Mean (SD) patient age was 58.36 
(9.92) years, and 274 patients (38.26%) were female.

Efficacy
At the predetermined data cutoff date (6 May 2023), 
the median follow-up durations were 1342 days (IQR 
1227–1580.5) in the lobaplatin group and 1298.5 days 
(IQR 1213–1576) in the control group. For the primary 
endpoint, the 3-year efficacy analysis showed that in 
the FAS group, 12 cases (3.56%) of PM occurred in the 
lobaplatin group, while 31 cases (8.75%) occurred in 
the control group, (HR = 0.39; 95% CI, 0.20 to 75; P = 
0.0053; Table  2). Univariate analysis of the 3-year PM 
rate showed that intraperitoneal chemotherapy was asso-
ciated with a significantly reduced risk of PM, with an 
HR of 0.39 (95% CI, 0.20 to 0.75, P = 0.0053, Additional 
file 1: sTable 1). In the subsequent multivariate analysis, 
intriguingly, it was found that among all the factors con-
sidered, only intraperitoneal chemotherapy, with a HR of 
0.41 (95% CI, 0.20 to 0.86; P = 0.0185), exhibited a sta-
tistically significant association with the 3-year PM rate 
(Additional file 1: sTable 2). In an exploratory analysis of 
patients in the subgroup with left hemicolon cancer, the 
lobaplatin group showed a benefit. The 3-year PM rate 
was 3.31% in the lobaplatin group, as opposed to the con-
trol group, which had a rate of 9.06% (HR = 0.35; 95% 
CI, 0.17 to 0.75; P = 0.0070). Additionally, the lobaplatin 
group demonstrated a decrease in PM among patients 
who did not receive adjuvant chemotherapy (HR = 0.21; 
95% CI, 0.06 to 0.72; P = 0.0053; Fig. 2).

In terms of secondary endpoints, there were 20 cases 
(5.81%) of 3-year liver metastasis in the lobaplatin group 
and 41 (11.70%) in the control group (P = 0.0087). How-
ever, in the subgroup analysis, we found that only among 
patients who did not receive adjuvant chemotherapy after 
surgery did the lobaplatin group have an advantage in 
reducing the 3-year liver metastasis (0.80% vs 10.74%, P = 
0.0007). Among patients who received adjuvant chemo-
therapy after surgery, there was no significant differ-
ence in the incidence between the two groups (8.37% vs 
12.09%, P = 0.1958). There was no statistically significant 
difference between the two groups in terms of 3-year 
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lung, bone, or other metastases (Table 2). In the FAS, 24 
patients in the lobaplatin group and 35 patients in the 
control group died. The 3-year OS rate was 93.2% in the 
lobaplatin group and 90.4% in the control group, with a 
HR of 0.69 (95% CI, 0.41 to 1.16; P = 0.1660; Fig. 3A). The 
3-year RFS rate was 88.1% in the lobaplatin group and 
81.6% in the control group, with an HR of 0.62 (95% CI, 
0.42 to 0.91; P = 0.0146; Fig. 3B), indicating a statistically 
significant difference in RFS between the groups. Simi-
larly, the 3-year PRFS rate was 96.6% in the lobaplatin 
group and 91.5% in the control group, with an HR of 0.39 
(95% CI, 0.20 to 0.75; P = 0.0053; Fig. 3C).

Safety
For the SS population, the incidences of treatment-
related AEs were similar in both the lobaplatin and 
control groups (247 [69.77%] vs 237 [64.75%]), and 
the overall AEs of grades 1, 2, 3, and 4 that occurred 
in the lobaplatin group were also comparable to those 
in the control group. There were also no statistically 
significant differences between the two groups in the 
incidence and severity of AEs occurring in the different 

systems (Table  3); the most common AEs were poor 
metabolism and nutrition (207 [58.5%] vs 191 [52.2%]). 
For the SS population, patients in the lobaplatin group 
exhibited a decrease in the levels of ANC and PLT on 
POD3 compared with the control group, but these were 
within normal limits and recovered to levels similar to 
those of the control group on POD5. There were no sta-
tistically significant differences in the WBC, ALT, AST, 
and BUN levels between the two groups (Additional 
file 1: sTable 3).

For the FAS population, as shown in Additional 
file 1: sTable 4, no significant differences were observed 
between the groups in terms of the time to first flatus, 
first defaecation, removal of the drainage tube, wound 
healing, or postoperative hospitalisation. Moreover, the 
overall rate of surgical complications was comparable 
between the two groups (7.65% vs 7.34%, P = 0.8763). The 
most common postoperative surgical complication was 
anastomotic leakage (16 [2.23%], 10 [2.85%] in the lobap-
latin group and 6 [1.66%] in the control group; sTable 4). 
Concomitant drug use was consistent between the lobap-
latin and control groups (Additional file 1: sTable 5).

Fig. 1  Trial Profile. FAS = Full Analysis Set, PPS = Per-protocol Set, SS = Safety Set
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Discussion
Our preliminary findings demonstrated that the perfu-
sion protocol used in this study was safe [12]. An in vitro 
study demonstrated that at a concentration of 120 mg/L, 
lobaplatin achieved an inhibition rate of up to 91.67 

± 2.57% on the invasion and migration capabilities of 
CRC cells [13]. Consequently, we maintained the 500–
1000 ml lobaplatin (120 mg/L) regimen in this study, with 
the precise dosage tailored to each patient’s body weight, 
nutritional status, and pre-existing medical conditions. 

Table 1  Baseline characteristics

Abbreviation: ECOG Eastern Cooperative Oncology Group

Patients, No. (%)
Lobaplatin group
(n = 352)

Control group
(n = 364)

P value

Age, Mean(SD), y 58.58 ± 9.40 58.15 ± 10.41 0.5620

Sex 0.4694

  Female 130(36.93) 144(39.56)

  Male 222(63.07) 220(60.44)

ECOG performance status 0.5813

  0 203(60.60) 207(58.64)

  1 132(39.40) 145(41.08)

  2 0 1(0.28)

Clinical stage 0.8977

  Stage I 0 0

  Stage II 172(49.00) 175(48.21)

  Stage III 175(49.86) 186(51.24)

  Stage IV 4(1.14) 2(0.55)

T stage 0.6276

  T3 169(49.13) 185(52.56)

  T4a 148(43.02) 139(39.49)

  T4b 27(7.85) 28(7.95)

N stage 0.6942

  N0 197(57.10) 211(59.60)

  N1 95(27.54) 96(27.12)

  N2 53(15.36) 47(13.28)

Histological subtype 0.7779

  Poorly differentiated 72(20.51) 70(19.66)

  Not poorly differentiated 279(79.49) 286(80.34)

Surgical method 0.4447

  Laparoscopic surgery 302(86.29) 305(84.25)

  Open surgery 48(13.71) 57(15.75)

Primary tumor location 0.2417

  Ascending colon 55(15.63) 47(12.91)

  Hepatic flexure 10(2.84) 11(3.02)

  Transverse colon 25(7.10) 16(4.40)

  Splenic flexure 4(1.14) 8(2.20)

  Descending colon 24(6.82) 36(9.89)

  Sigmoid colon 128(36.36) 136(37.36)

  Rectosigmoid junction & rectum 25(7.10) 34(9.34)

  Rectum 79(22.44) 70(19.23)

  Other 2(0.57) 6(1.65)

Adjuvant chemotherapy 0.1356

  Yes 227(64.49) 215(59.07)

  No 125(35.51) 149(40.93)
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Typically, for patients weighing less than 70 kg presenting 
with poor nutritional status, anaemia, or multiple comor-
bidities, we administered a minimum dose of 500 ml of 
lobaplatin. Additionally, our prior research revealed that 
the average elimination half-life of lobaplatin in perito-
neal drainage fluid was 5.99 h, which informed our deci-
sion to implement a 6-h clamping period [14].

Previous studies have presented different views on 
the effectiveness of preventive intraperitoneal chemo-
therapy for CRC. An Italian study involving 75 patients 
showed that preventive HIPEC could prolong the 
3-year disease-free survival (DFS) and OS and reduce 
the rate of PM by approximately 20% [15]. A retro-
spective study showed that surgery plus intraoperative 

Table 2  Comparison of metastasis

Patients, No. (%)
Lobaplatin group
(n = 352)

Control group
(n = 364)

HR (95%CI) P value

Peritoneal metastasis 12 (3.56) 31 (8.75) 0.39 (0.20,0.75) 0.0053

Liver metastasis 20 (5.81) 41 (11.7) 0.49 (0.29,0.83) 0.0087

Lung metastasis 9 (2.73) 14 (4.01) 0.65 (0.28,1.50) 0.3128

Brain metastasis 0 0 - -

Bone metastasis 1 (0.29) 2 (0.58) 0.51 (0.05,5.63) 0.5832

Other metastases 7 (2.13) 5 (1.44) 1.43 (0.45,4.49) 0.5444

Fig. 2  Forest Plot of PM Hazard Ratios (HRs) by Subgroup
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intraperitoneal chemotherapy yielded a favourable 
prognosis for stage III CRC patients but not for stage 
II patients [16]. The HIPECT4 trial also indicated that 
adding HIPEC to complete surgical resection for locally 
advanced colon cancer improved the 3-year locore-
gional control rate compared to surgery alone (investi-
gational group: 98.3% vs comparator group: 82.1%) [17]. 
Similar to our findings, these studies demonstrated 
positive results. However, the COLOPEC study found 
that HIPEC could not reduce the rate of PM (HIPEC 
group: 23% vs control group: 19%), nor could it prolong 
DFS, OS, or PRFS [18, 19]. Nevertheless, we should also 
note the differences between COLOPEC and our study. 

First, in the COLOPEC study, HIPEC was mostly per-
formed 5–8 weeks after surgery, whereas in our study, 
intraperitoneal chemotherapy was administered dur-
ing the operation. Second, in the COLOPEC study, 
HIPEC postponed the initiation of intravenous sys-
temic chemotherapy. In the COLOPEC study, the intra-
venous chemotherapy in the HIPEC group was started 
10 weeks after surgery, whereas in the control group, it 
was started 6 weeks after surgery. In our study, intraop-
erative chemotherapy did not delay the administration 
of postoperative adjuvant chemotherapy, and patients 
in both groups received chemotherapy approximately 
1 month after surgery.

Fig. 3  A: Kaplan–Meier plot of overall survival in FAS; B: Kaplan–Meier plot of recurrence-free survival in FAS; C: Kaplan–Meier plot of peritoneal 
recurrence-free survival in FAS

Table 3  Treatment-related adverse events in different systems

Patients, No. (%)

Lobaplatin group (n = 354) Control group (n = 366)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Poor metabolism and nutrition 131 (37.01) 62 (17.51) 14 (3.95) 0 116 (31.69) 60 (16.39) 15 (4.10) 0

Investigations 39 (11.02) 16 (4.52) 4 (1.13) 1 (0.28) 30 (8.20) 11 (3.01) 3 (0.82) 0

Hematological and lymphatic diseases 45 (12.71) 50 (14.12) 15 (4.24) 0 28 (7.65) 49 (13.39) 14 (3.83) 1 (0.27)

Neurological disease 2 (0.56) 2 (0.56) 0 0 5 (1.37) 1 (0.27) 1 (0.27) 0

Respiratory, thoracic, and mediastinal diseases 12 (3.39) 2 (0.56) 1 (0.28) 0 18 (4.92) 1 (0.27) 0 0

Local disease of application site 43 (12.15) 9 (2.54) 1 (0.28) 0 40 (10.93) 13 (3.55) 1 (0.27) 0

Gastrointestinal diseases 17 (4.80) 8 (2.26) 0 0 15 (4.10) 6 (1.64) 1 (0.27) 0

Vascular disease 2 (0.56) 2 (0.56) 3 (0.85) 0 1 (0.27) 4 (1.09) 0 0

Urinary diseases 1 (0.28) 0 0 0 0 0 0 0

Dermatologic diseases 2 (0.56) 0 0 0 1 (0.27) 0 0 0

Infectious diseases 0 1 (0.28) 3 (0.85) 0 1 (0.27) 1 (0.27) 2 (0.55) 0

Trauma, poisoning, and operational complications 0 0 1 (0.28) 0 1 (0.27) 1 (0.27) 0 0

Cardiac Disease 1 (0.28) 0 0 0 2 (0.55) 2 (0.55) 0 0
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In contrast to the COLOPEC study, we believe that the 
ideal time to prevent the peritoneal seeding of free cancer 
cells should be during or immediately after surgery. The 
theoretical mechanism behind this comes from the “seed 
and soil” theory [20–22]. This mechanism emphasises 
that PM occurrence depends on the interaction between 
tumour cells and the peritoneal microenvironment. Vari-
ous cytokines secreted by tumour cells participate in the 
generation and maturation of the extracellular matrix, 
ultimately promoting the infiltration and adhesion of 
free cancer cells [23–25]. Compared with intraperitoneal 
chemotherapy after the occurrence of PM, intraperito-
neal chemotherapy during and immediately after surgery 
allows drugs to reach all gaps within the peritoneal cavity 
uniformly and effectively before adhesions form [26, 27]. 
This allows drugs to come into sufficient contact with 
potential lesions, and the optimal window of opportunity 
is created by curative or debulking surgery to intervene 
against residual cancer cells within the peritoneal cavity.

Intravenous adjuvant chemotherapy plays a crucial role 
in the treatment of locally advanced CRC. In our study, 
patients received routine adjuvant therapy 4 weeks after 
surgery. The implementation of intraperitoneal chemo-
therapy did not affect the progress of postoperative 
adjuvant chemotherapy, which is an advantage of the 
treatment regimen used in our study. The liver is the pri-
mary target organ for haematogenous metastasis in CRC, 
and liver metastasis is the main cause of death in patients 
with CRC [28, 29]. We observed a significantly lower 
incidence of liver metastasis in the lobaplatin group than 
in the control group, particularly in patients who did not 
receive postoperative adjuvant chemotherapy. However, 
it should be emphasised that the current evidence does 
not support the idea that a single intraperitoneal chemo-
therapy dose can effectively reduce liver metastasis rates. 
Therefore, the reduction in liver metastasis observed in 
our study requires caution.

Our study has several limitations. First, 25 hospitals 
participated in this study and there were disparities in 
the number of patients recruited at each site. Conse-
quently, the study findings predominantly mirror the 
circumstances of a few hospitals with large patient enrol-
ments. In practice, however, several measures have been 
implemented to mitigate this issue. We organised a mul-
ticentre researchers’meeting to standardise the operating 
procedures of the study. This initiative ensured consist-
ency in patient inclusion, treatment protocol implemen-
tation, and data collection across all hospitals. Second, 
the follow-up period was relatively short. Nevertheless, 
we intend to conduct a future study with an extended fol-
low-up period to comprehensively assess the efficacy and 
safety of this treatment. Finally, the overall number of 
PM cases was limited, and subsequent subgroup analyses 

further reduced the sample sizes, potentially introduc-
ing statistical variability. Notably, critical covariates such 
as adjuvant chemotherapy may substantially influence 
the outcomes. Future studies should incorporate strate-
gies to minimise potential biases from these confounding 
factors.

Conclusions
This open-label, prospective, randomised, controlled 
multicentre study demonstrated that intraoperatively 
preventive intraperitoneal perfusion chemotherapy with 
lobaplatin reduced the 3-year PM rate in CRC patients 
while improving both the 3-year RFS and PRFS, although 
it did not significantly improve the 3-year OS. Impor-
tantly, the safety profile of intraperitoneal chemotherapy 
with lobaplatin for preventive purposes during CRC 
surgery was comparable with that of the control group, 
with no significant differences in postoperative recovery 
parameters or complication rates. Additionally, intraperi-
toneal chemotherapy with lobaplatin did not increase the 
utilisation of accompanying treatments.

Abbreviations
CRC​	� Colorectal cancer
PM	� Peritoneal metastases
CEA	� Carcinoembryonic antigen
HIPEC	� Hyperthermic intraperitoneal chemotherapy
ECOG	� Eastern Cooperative Oncology Group
CT	� Computed tomography
ANC	� Absolute neutrophil count
PLT	� Platelets
HB	� Hemoglobin
TBIL	� Total bilirubin
DBIL	� Direct bilirubin
ALT	� Alanine aminotransferase
AST	� Aspartate aminotransferase
UNL	� Upper normal limit
CTCAE	� Common terminology criteria for adverse events
G-CSF	� Granulocyte colony-stimulating factor
TPO	� Thrombopoietin
IL-11	� Interleukin-11
NCCN	� National Comprehensive Cancer Network
AEs	� Adverse events
SAEs	� Serious adverse events
OS	� Overall survival
RFS	� Recurrence-free survival
PRFS	� Peritoneal recurrence-free survival
FAS	� Full analysis set
PPS	� Per-protocol set
SS	� Safety set
CI	� Confidence interval
HRs	� Hazard ratios
DFS	� Disease-free survival

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​025-​04180-1.

Additional file 1: Table S1: Univariate analysis on PM. Table S2: Multivari-
ate analysis on PM. Table S3: The bone marrow, liver, and renal function. 

https://doi.org/10.1186/s12916-025-04180-1
https://doi.org/10.1186/s12916-025-04180-1


Page 10 of 11Su et al. BMC Medicine          (2025) 23:336 

Table S4: Comparison of surgical recovery and complications. Table S5: 
Concomitant treatment

Acknowledgements
Not Applicable.

Authors’ contributions
HS, RZ, YL and YL contributed equally to this trial. HZ, and XW were responsi-
ble for the conception and design of the study. HS, RZ, YL, YL, WP, GJ, ZL, MH, 
JZ, QJ, MX, GW, WZ, ML, JC, ZW, KW, XZ, GL, XZ, XL, XS, JW, DZ, CZ, HZ and XW 
contributed to the collection of data. HS was responsible for directing the sta-
tistical analysis. All authors were responsible for the interpretation of data and 
writing the manuscript, as well as reviewing and approving the manuscript for 
submission.

Funding
The present study was supported by Chinese Academy of Medical Sciences 
Initiative for Innovative Medicine (CAMS-2017-I2M-4–002); 2021 Research 
Project on Clinical Application Norms of Minimally Invasive Surgery by the 
Medical and Health Science and Technology Development Research Center 
of the National Health Commission (wa2021rw13); National Key Research and 
Development Program of China (2023YFC3403800, 2023YFC3403804); Beijing 
Hope Run Special Fund of Cancer Foundation of China, (LC2022 A01).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of National Cancer Center/
Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union 
Medical College (Approval No.: 16–147/122) and at all participating hospitals. 
Written informed consent was obtained from all patients.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Gastrointestinal Surgery, Key Laboratory of Carcinogenesis 
and Translational Research (Ministry of Education/Beijing), Peking University 
Cancer Hospital & Institute, Beijing 100142, China. 2 Department of Colorec-
tal Surgery, Cancer Hospital of China Medical University, Cancer Hospital 
of Dalian University of Technology, Liaoning Cancer Hospital & Insititute, 
Shenyang 110042, China. 3 Department of Colorectal Surgery, Yunnan Cancer 
Hospital, Kunming 650000, China. 4 Department of Anus and Intestine Surgery, 
First Affiliated Hospital of China Medical University, Shenyang 110001, China. 
5 Department of Colorectal Surgery, National Cancer Center, National Clinical 
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical 
Science and Peking Union Medical College, Beijing 100021, China. 6 Depart-
ment of Colorectal Surgery, the First Affiliated Hospital of Nanchang University, 
Nanchang 330000, China. 7 Department of Laparoscopic Comprehensive 
Surgery, Zibo Central Hospital, Zibo 255000, China. 8 Department of Colon 
and Rectum Surgery, Sixth Affiliated Hospital of Sun Yat-Sen University, 
Guangzhou 510000, China. 9 Department of General Surgery, Henan Cancer 
Hospital, Zhengzhou 450000, China. 10 Department of General Surgery, Jiangsu 
Cancer Hospital, Nanjing 210000, China. 11 Department of Gastrointestinal 
Surgery, Afiliated Hospital of Zunyi Medical University, Zunyi 563000, China. 
12 The Second Department of Surgery, The Fourth Hospital of Hebei Medical 
University, Shijiazhuang 050000, China. 13 Gastrointestinal Tumor Surgery, the 
First Affiliated Hospital of Xinjiang Medical University, Urumqi 830000, China. 
14 Department of General Surgery, The Fourth Hospital of HARBIN Medical 
University, Harbin 150000, China. 15 Department of Gastrointestinal Surgery, 
Guangxi Medical University Cancer Hospital, Nanning 530000, China. 16 Depart-
ment of Gastrointestinal Surgery, Cancer Hospital Affiliated to Guizhou 

Medical University, Guiyang 550000, China. 17 Department of Gastrointesti-
nal Surgery, Sichuan Provincial People’s Hospital, Chengdu 610000, China. 
18 Department of Gastrointestinal Surgery, Heilongjiang Agricultural Reclama-
tion General Hospital, Harbin 150000, China. 19 Cancer Center, Beijing Tsinghua 
Changgung Hospital,  School of Clinical Medicine, Tsinghua Medicine, 
Tsinghua University, Beijing 102218, China. 20 Department of General Surgery, 
First Affiliated Hospital of Gannan Medical University, Ganzhou 341000, China. 
21 Department of Colorectal Surgery, Fudan University Shanghai Cancer Center, 
Shanghai 200025, China. 22 Department of General Surgery, The First Affiliated 
Hospital of Xi’an Jiaotong University, Xi’an 710000, China. 23 Department 
of Gastrointestinal Surgery, Inner Mongolia Autonomous Region People’s Hos-
pital, Hohhot 010000, China. 24 Department of General Surgery, The Third Affili-
ated Hospital of Chongqing Medical University, Chongqing 404100, China. 
25 Hainan Changan International Pharmaceutical Co., Ltd., Haikou 570100, 
China. 

Received: 28 December 2024   Accepted: 2 June 2025

References
	1.	 Behrenbruch C, Shembrey C, Paquet-Fifield S, et al. Surgical stress 

response and promotion of metastasis in colorectal cancer: a complex 
and heterogeneous process. Clin Exp Metastasis. 2018;35(4):1–13.

	2.	 Jayne DG, Fook S, Loi C, Seow-Choen F. Peritoneal carcinomatosis from 
colorectal cancer. Br J Surg. 2002;89(12):1545–50.

	3.	 Väyrynen V, Wirta EV, Seppälä T, et al. Incidence and management 
of patients with colorectal cancer and synchronous and metachro-
nous colorectal metastases: a population-based study. BJS Open. 
2020;4(4):685–92.

	4.	 Nadler A, McCart JA, Govindarajan A. Peritoneal carcinomatosis from 
colon cancer: a systematic review of the data for cytore- duction and 
intraperitoneal chemotherapy. Clin Colon Rectal Surg. 2015;28(4):234–46.

	5.	 Hugen N, van de Velde CJ, de Wilt JH, et al. Metastatic pattern in colo-
rectal cancer is strongly influenced by histological subtype. Ann Oncol. 
2014;25(3):651–7.

	6.	 Spiliotis J, Argiriou EO, Kopanakis N, et al. Intensive care unit hospitali-
zation after cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy. J BUON. 2016;21(3):726–31.

	7.	 Falkenstein TA, Götze TO, Ouaissi M, et al. First clinical data of Pressurized 
Intraperitoneal Aerosol Chemotherapy (PIPAC) as salvage therapy for per-
itoneal metastatic biliary tract cancer. Anticancer Res. 2018;38(1):373–8.

	8.	 Hofer MD. Lobaplatin inhibits prostate cancer progression in 
part by impairing AR and ERG signal. Fundam Clin Pharmacol. 
2018;32(5):547–547.

	9.	 Wu HT, Yang XJ, Huang CQ, et al. Cytoreductive surgery plus hyper-
thermic intraperitoneal chemotherapy with lobaplatin and docetaxel 
improves survival for patients with peritoneal carcinomatosis from 
abdominal and pelvic malignancies. World J Surg Oncol. 2016;14(1):246.

	10.	 Bennett JA. The Consolidated Standards of Reporting Trials (CONSORT): 
Guidelines for reporting randomized trials. Nurs Res. 2005;54(2):128–32.

	11.	 Chang GJ, Lambert LA. Hidden opportunities in cytoreductive surgery 
for peritoneal carcinomatosis of colorectal origin. Ann Surg Oncol. 
2008;15(11):2993–5.

	12.	 Zhou HT, Jiang J, Guan X, et al. The short-term effect analysis of intra-
operative intraperitoneal perfusion chemotherapy with lobaplatin for 
colorectal cancer. J BUON. 2019;24(2):442–8.

	13.	 Dai HY, Liu L, Qin SK, et al. Lobaplatin suppresses proliferation and 
induces apoptosis in the human colorectal carcinoma cell Line LOVO 
in vitro. Biomed Pharmacother. 2011;65(3):137–41.

	14.	 Zhang R, Shi G, Yang SH, et al. the study on Lobaplatin pharmacokinetics 
of intraoperative intraperitoneal perfusion chemotherapy in colorectal 
cancer. Chin J Colorec Dis (in Chinese). 2020;9(2):144–9.

	15.	 Sammartino P, Sibio S, Biacchi D, et al. Long-term results after proactive 
management for locoregional control in patients with colonic cancer at 
high risk of peritoneal metastases. Int J Colorectal Dis. 2014;29(9):1081–9.

	16.	 Shang A, Wang S, Yang Y, et al. Effect and safety of intraoperative intra-
peritoneal chemotherapy on patients suffering from colorectal cancer. 
World J Surg Onc. 2021;19(1):84.



Page 11 of 11Su et al. BMC Medicine          (2025) 23:336 	

	17.	 Arjona-Sánchez A, Espinosa-Redondo E, Gutiérrez-Calvo A, et al. Efficacy 
and safety of intraoperative hyperthermic intraperitoneal chemotherapy 
for locally advanced colon cancer: a phase 3 randomized clinical trial. 
JAMA Surg. 2023;158(7):683–91.

	18.	 Klaver CEL, Wisselink DD, Punt CJA, et al. Adjuvant hyperthermic intra-
peritoneal chemotherapy in patients with locally advanced colon cancer 
(COLOPEC): a multicentre, open-label, randomised trial. Lancet Gastroen-
terol Hepatol. 2019;4(10):761–70.

	19.	 Zwanenburg ES, El Klaver C, Wisselink DD, et al. Adjuvant hyperthermic 
intraperitoneal chemotherapy in patients with locally advanced colon 
cancer (COLOPEC): 5-year results of a randomized multicenter trial. J Clin 
Oncol. 2024;42(2):140–5.

	20.	 Xue L, Hyman NH, Turaga KK, et al. Peritoneal metastases in colorectal 
cancer: biology and barriers. J Gastrointest Surg. 2020;24(3):720–7.

	21.	 Ceelen W. HIPEC with oxaliplatin for colorectal peritoneal metastasis: The 
end of the road? Eur J Surg Oncol. 2019;45(3):400–2.

	22.	 Mikuła-Pietrasik J, Uruski P, Tykarski A, et al. The peritoneal “soil” for a 
cancerous “seed”: a comprehensive review of the pathogenesis of intra-
peritoneal cancer metastases. Cell Mol Life Sci. 2018;75(3):509–25.

	23.	 Zhang Y, Qin X, Chen W, et al. Risk factors for developing peritoneal 
metastases after curative surgery for colorectal cancer: a systematic 
review and meta-analysis. Colorectal Dis. 2021;23(11):2846–58.

	24.	 Le VH, Thornblade L, Ituarte PHG, et al. Metachronous peritoneal metas-
tases following curative resection for colon cancer: understanding risk 
factors and patterns of recurrence. J Surg Oncol. 2021;123(2):622–9.

	25.	 Ceelen W, Ramsay RG, Narasimhan V, et al. Targeting the tumor 
microenvironment in colorectal peritoneal metastases. Trends Cancer. 
2020;6(3):236–46.

	26.	 Zhou NN, Zhao YY, Zhai LZ, et al. The efficacy and toxicity of Lobaplatin-
contained chemotherapy in extensive-stage small-cell lung cancer. J 
Cancer. 2018;9(13):2232–6.

	27.	 Kono K, Yong WP, Okayama H, et al. Intraperitoneal chemotherapy for 
gastric cancer with peritoneal disease: experience from Singapore and 
Japan. Gastric Cancer. 2017;20(Suppl 1):122–7.

	28.	 Engstrand J, Nilsson H, Strömberg C, et al. Colorectal cancer liver metasta-
ses - a population-based study on incidence, management and survival. 
BMC Cancer. 2018;18(1):78.

	29.	 Thomassen I, van Gestel YR, Lemmens VE, et al. Incidence, prognosis, and 
treatment options for patients with synchronous peritoneal carcino-
matosis and liver metastases from colorectal origin. Dis Colon Rectum. 
2013;56(12):1373–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Intraoperatively preventive intraperitoneal perfusion chemotherapy with lobaplatin in colorectal cancer: a prospective, randomised, controlled, multicentre study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design
	Study population
	Randomization
	Interventions
	Follow-up
	Outcome measurements
	Sample size
	Statistical analysis

	Results
	Study population
	Efficacy
	Safety

	Discussion
	Conclusions
	Acknowledgements
	References


