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Abstract
BACKGROUND
Almost all elderly patients with peritoneal metastatic gastric cancer (PGC) are unlikely to tolerate cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy (HIPEC) and adjuvant chemotherapy. However, determining how to optimize the treatment strategy for such patients has always been a clinical problem. Both HIPEC and palliative adjuvant chemotherapy can benefit patients with PGC. Therefore, optimizing HIPEC and chemotherapy regimens has potential clinical value in reducing side effects, and improving treatment tolerance and clinical effectiveness.

AIM
To explore the effect of HIPEC containing elemene, which is an anti-cancer component extracted in traditional Chinese herbal medicine, combined with reduced capecitabine and oxaliplatin (CapeOx) chemotherapy regimens, in elderly patients with PGC.

METHODS
In the present study, 39 of 52 elderly PGC patients were included and assigned to different HIPEC treatment groups [lobaplatin group (group L) and mixed group (group M)] for analysis. Lobaplatin was used for all three HIPECs in group L. In group M, lobaplatin was used in the middle of the three HIPECs, and elemene was used for the first and third HIPEC. After HIPEC, patients received CapeOx chemotherapy. The incidence of complications (abdominal infection, lung infection, and urinary tract infection), myelosuppression, immune function (CD4/CD8 ratio), average length of hospital stay, and prognosis were compared between these two groups.

RESULTS
There was no significant difference in the incidence of complications between the two groups during hospitalization (P > 0.05). Compared to patients in group M, patients in group L exhibited severe myelosuppression (P = 0.027) and increased length of hospital stay (P = 0.045). However, no overall survival benefit was observed in group M. Furthermore, the immune function of patients in group M was less affected (P < 0.001), when compared to that of patients in group L. The multivariate analysis suggested that the cycles of chemotherapy after perfusion significantly affected the prognosis of patients in both groups.

CONCLUSION
Compared to the lobaplatin-based HIPEC regimen, the administration of elemene reduced the myelosuppression incidence in elderly PGC patients. The present study sheds light on the implementation of this therapeutic strategy for this set of patients.
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Core Tip: Elderly patients with advanced gastric cancer (GC) cannot tolerate high-intensity treatment. In addition, intraperitoneal hyperthermic perfusion chemotherapy (HIPEC) and capecitabine and oxaliplatin (CapeOx) regimens have limited therapeutic effects on advanced GC. On the other hand, the extracted Chinese herbal medicine, elemene, has anti-cancer effects and negligible side effects. In the present study, the use of elemene-containing HIPEC combined with a CapeOx chemotherapy regimen was proven to be more tolerant for elderly patients with peritoneal metastatic gastric cancer, making this a clinical choice for such patients.

INTRODUCTION
In 2020, it was reported that there were approximately 1089103 new gastric cancer (GC) cases and 789793 gastric cancer-related deaths worldwide[1]. The lack of typical clinical symptoms at the early stage has made GC one of the malignancies with the highest incidence in the gastroenterological tract in China. Furthermore, a recent study demonstrated that more than half of patients were diagnosed at the advanced stage[2]. In addition, nearly 20%-30% of diagnosed GC patients were found to develop peritoneal metastasis[3]. Despite the advances achieved by treatment approaches, the median survival time still ranges within 3-4 mo[3,4]. Cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown to be an effective therapeutic strategy for prolonging survival in a variety of peritoneal malignancies[5-7]. Most recent evidence has shown that CRS-HIPEC can improve the prognosis of GC patients with peritoneal metastasis[8-10]. However, it has been reported that elderly patients have an increased risk for postoperative morbidity[11]. Therefore, this group of patients may not be able to tolerate regular CRS-HIPEC. Thus, developing an effective therapeutic strategy for elderly GC patients with peritoneal metastasis is urgently important.
An increasing body of evidence has revealed that HIPEC combined with systemic chemotherapy using capecitabine and oxaliplatin (CapeOx) can significantly improve the outcome of GC patients with peritoneal metastasis[12,13]. It is noteworthy that CapeOx has been accepted as a regimen with acceptable toxicity for metastatic or advanced GC[14,15]. Furthermore, it has been reported that elderly patients with advanced GC can tolerate and benefit from CapeOx treatment, even at lower doses[16]. However, the use of HIPEC combined with systemic chemotherapy for elderly patients with advanced GC has not been described to date. Furthermore, a recommended treatment paradigm to achieve optimum therapeutic effects and minimum side-effects for patients with advanced GC has not been established.
Accumulating evidence has revealed that β-elemene, an active ingredient in the ginger family of Chinese herbal medicine Wenyujin, has anti-cancer activity. Importantly, it has been shown that β-elemene can increase the susceptibility of multidrug-resistant cancer cells and exhibit synergistic anti-cancer effects[17] with neglectable side effects. Furthermore, it has been reported that elemene can be utilized to treat a variety of cancers, including lung cancer[18], liver cancer[19], brain cancer[20], breast cancer[21], and GC[22,23]. Moreover, elemene has been shown to increase the susceptibility of cancer cells to chemotherapy and radiotherapy[17,24]. In addition, it has fewer side effects, and can inhibit M2 macrophage-mediated immunosuppressive effects[24]. Its extremely high penetrating potential[23] also enables elemene to penetrate the blood-brain barrier and prolong the survival of patients with glioma[25]. The therapeutic efficacy of elemene for malignant pleural and ascites has been well-documented[26-28]. Therefore, it was speculated that the β-elemene-containing HIPEC paradigm might be a promising therapeutic strategy for elderly patients with advanced GC. In line with this, the present study evaluated the efficacy and safety of the elemene-supplemented HIPEC combined with CapeOx regimen in elderly GC patients with peritoneal metastasis.

MATERIALS AND METHODS
Study design and patients
A single-center research was conducted for patients recruited at the Gastrointestinal Cancer Center of Chongqing University Cancer Hospital (CUCH) between July 2016 and April 2020. All patients (n = 52) who participated in the present study provided a signed informed consent. The inclusion criteria were, as follows: (1) Age ≥ 65 years old; (2) Diagnosed with advanced GC and peritoneal metastasis; (3) Eastern Cooperative Oncology group (ECOG) score ≤ 2; (4) No severe organ or metabolic dysfunction; (5) No hypertension; (6) Mentally capable to adapt to intervention; and (7) > 3 mo of expected survival time. Finally, 39 patients who met the inclusion criteria were analyzed for the present study (Figure 1), and none of these cases were HER2-positive.
Groupings: A total of 52 recruited elderly peritoneal metastatic gastric cancer (PGC) patients were randomly assigned to two groups: lobaplatin group (group L), in which lobaplatin was used during HIPEC; mixed group (group M), in which both elemene and lobaplatin were used during HIPEC.

Treatment information
Before HIPEC, patients underwent preventive fasting, gastric intubation, intravenous fluid replacement, nebulization, and sputum suction. Then, patients received laparoscopic puncture and catheterization, and no postoperative ICU admission was needed. Three cycles of HIPEC were performed for each patient. The first cycle was administered upon completion of the catheterization, and while the patient was still under anesthesia. The remaining cycles were performed when the patient was transferred to the ward (within 36, 72, or 120 h after surgery). In general, the HIPEC system (BR-TRG-I, BRM, Guangzhou, China) was perfused with 3000 mL of 0.9% sodium chloride, and pre-heated for 15 minutes until the ambiance temperature reached 43 °C. Then, the chemotherapy agents were delivered into the system in different groups. In particular, for patients in group L, lobaplatin [State Drug Administration (SDA) approval number: H20050308, 50 mg/m2] supplemented in 250 mL of 5% glucose was added into the system for all three HIPEC cycles. For patients in group M, elemene (SDA approval number: H20110114, 0.6 g) supplemented in 250 mL of 5% glucose was administered at the first and third HIPEC cycles. For the second HIPEC cycle, these patients were administered with the same HIPEC chemotherapy reagent as that administered for patients in group L. The perfusion machine was operated according to manufacturer’s instructions. The perfusion time ranged within 30-90 min, based on the tolerance of each recipient (patients who failed to achieve a perfusion speed higher than 350 mL/min were excluded from the present study). Morphine and tramadol were used to relieve the pain before and after the perfusion. Oxygen was given to patients during the perfusion. In group M, 1.5 g of lidocaine was administered into the HIPEC system at five minutes before the administration of elemene to reduce peritoneal irritation. After the HIPEC treatment, case-specific supportive care was provided based on the complications (analgesia, acid suppression, antiemetic, maintenance of electrolyte balance, albumin infusion, and blood transfusion; subcutaneous injection of granulocyte stimulating factor, thrombopoietin [300 µg, once], and/or interleukin-11 (IL-11; 3 mg, per day, 5-7 d, according to the manual; Qilu Pharmaceutical Co., Ltd.); partial parenteral nutrition support therapy). Within two weeks after discharge, these patients received CapeOx chemotherapy (60% or 80%, or the standard CapeOx dose). The dose was gradually reduced to 60% from 80% for some patients. Each cycle was repeated every 21 d.

Data collection
The vital signs of each patient were collected during hospitalization, and these patients were followed up monthly. The average follow-up time for the entire cohort was 9.04 mo (range: 3.0-17.9 mo), and the follow-up of all patients recruited for the present study was concluded in April 2020. After perfusion, the abdominal drainage was sent to the laboratory for bacterial test. In addition, during the CapeOx chemotherapy, the results for the routine blood test, liver and kidney function evaluation, immune function analysis (CD4/CD8 ratio), and serum markers for gastric cancer (CEA, CA-125 and CA-199; any serum marker level that increases to two or becomes more than two times of the normal threshold was defined as high; otherwise, the level was defined as normal) were recorded for each patient.

Statistical analysis
The data were analyzed using the SPSS software package (version 22.0). The measurement data were presented as mean ± SD, categorical variables were analyzed by Chi-square test or Fisher’s exact test, and ordinal data were analyzed by nonparametric Mann-Whitney U-test. Furthermore, the survival differences were analyzed using the Kaplan-Meier survival curve and Log-rank test. In addition, univariate analysis and Cox multivariate risk ratio regression analysis were performed to identify the potential factors related to the prognosis. A P value of < 0.05 in the two-sided test was considered statistically significant.

RESULTS
Patients’ clinical data 
A total of 39 GC patients were analyzed (Figure 1). The clinical characteristics of these patients are summarized in Table 1. There were 22 GC patients in group L (n = 22, 69.9 ± 3.6 years old), and 17 GC patients in group M (n = 17, 68.6 ± 3.0 years old). There were no significant differences between the two groups, in terms of gender, ECOG score, age, tumor site composition ratio, tumor size, and occurrence of complications during the first hospitalization (except for myelosuppression). However, patients in group L developed severe myelosuppression during the first hospitalization, when compared to patients in group M (P = 0.027). In addition, the average length of hospital stay was 18.7 d for patients in group L. This was a slightly longer than that for patients in group M, which was merely 16.1 d (P = 0.045).

Follow-up results
The average follow-up duration for all patients was 9.04 ± 4.30 mo (3.00-17.90 mo). The follow-up duration was 9.60 ± 4.20 mo (3.40-17.90 mo) for patients in group L, and 8.30 ± 4.40 mo (3.00-16.10 mo) for patients in group M. There was no significant difference in follow-up duration between these two groups (9.60 ± 4.20 mo (3.40-17.90 mo) vs 8.30 ± 4.40 mo (3.00-16.10 mo), P = 0.292). Three patients were lost to follow-up during the follow-up period, and 33 patients became deceased, while three patients survived at the end of the follow-up period. There were no significant differences in survival performance, in terms of HIPEC regimen (P = 0.29, Figure 1). Furthermore, both groups' median overall survival (OS) was 9.90 mo (95%CI: 5.30-13.50). The median survival was 10.80 mo (95%CI: 8.50-13.10) and 9.40 mo (95%CI: 5.30-13.50) for patients in groups L and M, respectively.

Prognostic factors
In order to identify the potential prognostic factors, independent variables, including gender, age, treatment regimen, serum tumor marker levels, immune function (CD4/CD8 ratio), myelosuppression status, cycles of chemotherapy (CapeOx chemotherapy) after HIPEC, peritoneal cancer index (PCI), and observation/presence of malignant ascites during catheterization, were analyzed using univariate analysis, followed by multivariate analysis. The results revealed that high-level serum tumor markers, low CD4/CD8 ratio (< 1), fewer cycles of chemotherapy (reduced CapeOx regimen) after HIPEC (< 6 times), high PCI (not < 20), and the appearance of ascites during laparoscopic catheter placement indicates poor prognosis (Table 2).

DISCUSSION
Compared to the OS of simple systemic palliative chemotherapy, the present study revealed that the elemene-containing HIPEC combined with CapeOx regimen can extend the OS (the median OS was approximately 9.40 mo) of elderly PGC patients, which is consistent with the report of Blum Murphy et al[29] (the OS was approximately 12 mo). It is noteworthy that clinical studies have revealed that multiple chemotherapy regimens, including fluorouracil plus leucovorin, oxaliplatin (FLOT4), and docetaxel and docetaxel, cisplatin, and 5-fluorouracil (DCF), are poorly tolerated by elderly patients[30,31]. The present study provides the possibility that the tolerance of these regimens by elderly PGC patients could be potentially elevated. However, further investigations are needed to determine whether implementing elemene to lobaplatin-based HIPEC can improve the chemotherapy efficacy of FLOT4 or DCF to be as potent as that of CapeOx. The present finding revealed that the implementation of the lobaplatin-based HIPEC combined with CapeOx regimen resulted in a high occurrence of myelosuppression in elderly GC patients (27.3%). Although the addition of elemene in the lobaplatin-based HIPEC combined with CapeOx regimen did not improve the OS of these patients, when compared to that in group L (Figure 2), this significantly reduced the incidence of myelosuppression in the recipients (P = 0.027). It is noteworthy that elderly patients with advanced cancer, such as GC, often undergo myelosuppression after receiving high-intensity chemotherapies, including lobaplatin-based regimens[32]. Notably, such complications would lead to treatment delay, and some can be life-threatening[33]. Although the OS of patients was not directly influenced, this complication increased the cost of treatment and length of hospital stay of these patients. In addition, the subgroup analysis revealed that the cycles of CapeOx treatment after HIPEC, PCI, and the CD4/CD8 ratio are prognostic factors in elderly patients. The finding that a low CD4/CD8 ratio indicates poor prognosis is in line with the findings reported by previous studies, suggesting that GC patients with impaired immune function have a poor prognosis[34,35].
The present study has the following limitations. First, the sample size was small, and a control group that only used elemene HIPEC was not added. Hence, a larger cohort is needed in future studies. Second, it has been reported that reduced CapeOx doses can affect the clinical outcomes of elderly patients with advanced GC[16]. In the present study, the reduced dose of CapeOx was utilized during the treatment for part of the patients, and this may have led to biased results. Third, further exploration is needed to determine whether patients can benefit from the intravenous administration of elemene combined with CapeOx after HIPEC. Lastly, a control group for systemic chemotherapy should also be considered. Finally, it has been reported that NCT03333967[36], TAGS[37] and EPOC1201[38] can improve the prognosis of patients with advanced GC. Therefore, in future studies, it should be determined whether elemene-containing HIPEC can improve the therapeutic effects of these drugs.

CONCLUSION
The elemene-containing HIPEC combined with CapeOX regimen has fewer side effects, and is safe for elderly PGC patients. However, further exploration is needed to determine how to further optimize the dose and combine this with other chemotherapy regimens.

ARTICLE HIGHLIGHTS
Research background
Elderly patients with peritoneal metastatic gastric cancer (PGC) have poor tolerance to intensive treatment, such as cytoreductive surgery plus hyperthermic perfusion chemotherapy (HIPEC). To date, no guidelines or consensus has standardized the HIPEC composition. However, elemene, a Chinese herbal extract with anti-cancer activity and low toxicity, turns out to be a promising ingredient for HIPEC.

Research motivation
The study aims to determine whether implementing elemene in lobaplatin-based HIPEC benefits elderly PGC patients during chemotherapy.

Research objectives
The study aims to explore the clinical effectiveness and potential side effects of elemene-containing lobaplatin-based HIPEC in elderly PGC patients.

Research methods
The included patients were assigned into two groups: patients who received elemene-containing lobaplatin-based HIPEC plus oxaliplatin and capecitabine (CapeOx) treatment (group M) and patients who received elemene-free lobaplatin-based HIPEC plus CapeOx treatment (group L). The incidence of complications such as myelosuppression, immune function (CD4/CD8 ratio), average length of hospital stay, and prognosis were compared between these two groups.

Research results
There was no significant difference in the incidence of complications and overall survival between the two groups during hospitalization. In addition, supplementing elemene in HIPEC lessened the myelosuppression (P = 0.027) and shortened the length of hospital stay (P = 0.045) of elderly PGC patients.

Research conclusions
The administration of elemene led to the amelioration of myelosuppression in elderly PGC patients.

Research perspectives
The present study sheds light on the implemention of an elemene-containing HIPEC therapeutic strategy for elderly patients with PGC.
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Figure 1 Overall study design flowchart.
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Figure 2 Survival curves for gastric cancer patients, according to the treatment regimen (P = 0.29).

Table 1 Clinical characteristics of patients with gastric cancer
	Clinical parameters
	Group L
	Group M
	P value

	Gender
	
	
	0.531

	Male
	14
	9
	

	Female
	8
	8
	

	Age group (yr)
	
	
	0.748

	65-69
	11
	10
	

	70-75
	11
	7
	

	ECOG score
	
	
	0.561

	0
	14
	8
	

	1
	5
	5
	

	2
	3
	4
	

	Tumor location
	
	
	0.667

	Proximal
	2
	3
	

	Middle
	4
	2
	

	Distal
	16
	12
	

	Tumor stage
	
	
	0.192

	cT3
	12
	5
	

	cT4a
	9
	9
	

	cT4b
	1
	3
	

	PCI scores
	
	
	0.508

	< 20
	15
	9
	

	≥ 20
	7
	8
	

	Abdominal infection (cases)
	2
	0
	0.495

	pulmonary infection (cases)
	1
	1
	1.000

	Urinary tract infection (cases)
	0
	1
	0.436

	Myelosuppression system (grade 3/4, cases)
	6
	0
	0.027

	Blood transfusion therapy (cases)
	4
	0
	0.118

	Average length of stay (d)
	18.7
	16.1
	0.045


PCI: Peritoneal cancer index; ECOG: Eastern Cooperative Oncology group.


Table 2 Univariate and multivariate analysis of prognostic factors of gastric cancer patients
	Clinical parameters
	Univariate analysis
	Multivariate analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Gender (male vs female)
	0.858 (0.424-1.734)
	0.670
	
	

	Age (< 70 vs ≥ 70)
	1.139 (0.564-2.301)
	0.717
	
	

	Group (L vs M)
	1.467 (0.714-3.016)
	0.297
	
	

	T stage (T3 vsT4 or above)
	2.403 (1.118-5.163)
	0.025
	1.457 (0.554-3.832)
	0.445

	Tumor marker (normal vs high)
	1.009 (0.473-2.153)
	0.981
	
	

	CD4/CD8 (< 1 vs ≥ 1)
	2.505 (1.147-5.467)
	0.021
	2.051 (0.8534.933)
	0.109

	Myelosuppression (1/2 vs 3/4)
	3.570 (1.291-9.874)
	0.014
	3.220 (0.985-10.530)
	0.053

	Times of chemotherapy after HIPEC (< 6 vs ≥ 6)
	0.143 (0.060-0.343)
	0.000
	0.210 (0.070-0.634)
	0.006

	PCI (< 20 vs ≥ 20)
	2.444 (1.105-5.404)
	0.027
	1.247 (0.417-3.725)
	0.693

	Ascites (exist1 vs none)
	4.106 (1.746-9.658)
	0.001
	3.084 (0.948-10.027)
	0.061


1Discernible malignant ascites in surgery.
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