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The aim of the present study was to evaluate the potential benefits of hepatic arterial infusion chemotherapy (HAIC) in the management of colorectal liver metastases (CRLM). Electronic databases, including PubMed, EMBASE, Medline, Web of Science, and Cochrane Library, were comprehensively searched from inception to November 2020. Prospective randomized trials with HAIC vs. systemic chemotherapy (SC) were selected. The overall survival (OS), tumor response rates (RRs), progression-free survival (PFS), and corresponding 95% confidence intervals (CIs) were assessed in the meta-analysis. Subsequently, the heterogeneity between studies, sensitivity, publication bias, and meta-regression analyses were performed. Finally, 18 studies, which contained 1,766 participants (922 in the HAIC group and 844 in the SC group) were included. There was a significantly higher OS rate in the HAIC as palliative treatment group (HR, 0.17; 95% CI, 0.08–0.26; P = 0.000) and HAIC as adjuvant treatment group compared with SC group (HR, 0.63; 95% CI, 0.38–0.87; P = 0.000). The complete and partial tumor RRs were also increased significantly in the HAIC as palliative treatment group (RR = 2.09; 95% CI, 1.36–3.22; P = 0.001) and as adjuvant treatment group compared with SC group (RR = 2.14; 95% CI, 1.40–3.26; P = 0.000). However, PFS did not differ significantly between the HAIC and SC groups (P > 0.05). Meta-regression analysis showed potential covariates did not influence on the association between HAIC and OS outcomes (P > 0.05). The results of the present study suggested that HAIC may be a potential therapeutic regimen that may improve the outcomes of patients with CRLM. The present meta-analysis has been registered in PROSPERO (no. CRD 42019145719).
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INTRODUCTION

Colorectal cancer (CRC) is the third most common type of cancer in terms of incidence (10.2%) and the second leading cause of cancer-associated death (9.2%). In 2018, there were over 1.8 million new CRC cases and 881,000 estimated deaths worldwide (1). It is estimated that there were 51,020 deaths in 2019 in the USA (2). The liver is the most frequent site of distant metastases of CRC (3), and serves as the leading cause of death in patients with CRC. It is estimated that 50% of patients develop liver metastases, of which ~25% of patients present with synchronous metastases and another ~50% with developing metachronous metastases (4). R0/R1 resection of both the liver metastases and the primary CRC has been demonstrated to improve long-term survival times to a certain degree (5, 6). Of patients with CRC with liver metastases, 15–20% of patients with liver metastases undergo surgical operation at presentation (7, 8), and the 5-year overall survival (OS) rates are in the range of 34–36% (3, 4). Regarding unresectable colorectal liver metastases (CRLM), therapeutic management is more controversial, and is generally associated with less favorable prognoses (5). Thus, optimization of the treatment for CRLM is required. Over the past decade, effective systemic and regional chemotherapy for CRLM has been introduced. Hepatic arterial infusion chemotherapy (HAIC), a locoregional therapy for treatment with liver metastases, is a potentially appealing treatment and it has been developed over the last three decades for patients with CRLM (9). HAIC possesses theoretical advantages over standard intravenous systemic chemotherapy (SC) due to the anatomical characteristics. Portal vein to parenchyma, while hepatic artery to metastatic tumor of the liver make it possible to cure patients with CRLM (6, 7). The schematic diagram of HAIC is presented in Figure 1.


[image: Figure 1]
FIGURE 1. (A) Schematic diagram of HAIC; (B,C) A patient with colorectal liver metastases, and the metastatic lesions in liver were marked by red circles; (D,E) The patient treated by HAIC for 24 months. HAIC, hepatic arterial infusion chemotherapy.


In several randomized controlled trials (RCTs), floxuridine (FUDR)-based HAIC has reproducibly yielded higher tumor response rates (RRs) compared with SC (10–15). However, OS outcomes in all the RCTs referenced above have not improved. According to three previous meta-analyses published >10 years ago (16–18), HAIC did not significantly improve survival compared with SC. A total of 18 RCTs comparing HAIC with SC based on multiple chemotherapy drugs (such as irinotecan, leucovorin, oxaliplatin, and regorafenib) have been performed (10–15, 19–30), and have produced contradicting results. The survival benefits of HAIC, which is contested, should be re-examined in the era of multidisciplinary team strategies, and compared with the combination of drugs for treatment of patients with CRLM. Therefore, in the present study, a meta-analysis was performed to collectively quantitatively analyze previous clinical studies.



MATERIALS AND METHODS


Protocol Registration

The present study was previously registered in PROSPERO during Nov 2019 (registration no. CRD 42019145719; crd.york.ac.uk/PROSPERO).



Eligibility Criteria

This study developed the inclusion and exclusion criteria based on “PICOS” principles. Inclusion criteria were as follows: (i) Design of studies, prospective RCTs; (ii) patients (P), patients with CRLM, which is defined as ≥4 metastases or metastatic nodules >50 mm, bilobar characteristics, invasion of pedicle lymph nodes, serum levels of carcinoembryonic antigen >200 ng/ml; (iii) intervention (I), HAIC; (iv) control (C), SC; (v) outcomes (O), the primary endpoints were OS, which was defined as the time from identification to death by any cause. The secondary endpoint was RRs, which was defined as the percentage of complete (tumor disappearance), or partial (tumor shrinkage ≥50%) RRs, and progression-free survival (PFS), which was defined as the length of time that patients lived with the tumor without evidence of progression of the cancer.

The exclusion criteria were: (i) Irrelevant studies and duplicate literature; (ii) studies without useful data; and (iii) letters, reviews, case reports, comments, laboratory studies, and meta-analyses.



Search Methodology

The selection and systematic review of clinical studies were performed and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (8). The search was limited to RCTs published in English. Electronic databases including PubMed, EMBASE, Medline, Web of Science, and Cochrane Library were comprehensively searched from inception to November 2020. The following search terms were searched using combinations of medical subject headings terms and the following free words: Colon/Rectal, colorectal/cancer/tumor, carcinoma/neoplasm/liver/hepatic and metastases/hepatic arterial infusion/trans-arterial chemoembolization/chemotherapy. In addition, potentially relevant references were also obtained. Using the PubMed database as an example, the search strategy used was as follows: (i) colon OR rectal OR colorectal; (ii) cancer OR tumor OR carcinoma OR neoplasm; (iii) colon OR rectal OR colorectal AND cancer OR tumor OR carcinoma OR neoplasm; (iv) liver or hepatic or metastases; (v) colon OR rectal OR colorectal AND cancer OR tumor OR carcinoma OR neoplasm AND liver OR hepatic OR metastases; (vi) hepatic arterial infusion OR trans-arterial chemoembolization OR HAIC OR TACE OR chemotherapy; and (vii) colon OR rectal OR colorectal AND cancer OR tumor OR carcinoma OR neoplasm AND liver OR hepatic OR metastases AND hepatic arterial infusion OR trans-arterial chemoembolization OR HAIC OR TACE OR chemotherapy; where TACE stands for trans-arterial chemoembolization.



Study Selection

All search results were combined in Endnote™, Version X8 (Thompson Reuters). Duplicates were removed manually. Two investigators independently screened the studies based on the titles and abstracts. If the article met the eligibility criteria, the full text was read. Any discrepancies between the two investigators were resolved by discussion or third-party consensus.



Data Extraction

Two investigators used the inclusion and exclusion criteria to retrieve relevant citations. Using a standardized data extraction form, two investigators independently extracted the following data from each study: (i) Study ID, including the name of the first author and publication year; (ii) country where the study was performed; (iii) study subjects, number of participants and their ages; (iv) treatment regimens for the treatment and control groups; and (v) the primary endpoint (OS) and the secondary endpoints (RRs and PFS). For reports of the same trial at different follow-up periods, data from the last report were used for analysis. If insufficient details were reported, the authors were contacted for further information. Any disagreements were resolved by consensus.



Quality Assessment

The Cochrane Collaboration tools for assessing risk of bias and the Jadad's scale (31) were both used to evaluate the quality of the included RCTs. Jadad's scale with a maximum of five scores assesses the quality of the study based on three criteria: (i) Randomization; (ii) double blinding; and (iii) withdrawals and dropouts. A study was awarded a maximum of 2 points for randomization, 2 points for double blinding, and 1 point for withdrawals and dropouts. A final score ≥3 or above was regarded as high quality, whilst a score of 0–2 was considered low quality. Any disagreements during assessment were resolved by consensus.



Statistical Analysis

All data were analyzed using Stata version 13.0 (Stata Corporation). Heterogeneity amongst studies was assessed using a Q test and an I2 test before determining the pooled effect (32). A fixed effects model and a random effects model were based on the results of the Q test and I2 test. A fixed effects model was adopted if I2 < 50% and P > 0.1. Otherwise, a random effects model was used. For the outcomes, OS and PFS, which were time-to-event variables, were expressed as pooled hazard ratios (HR). The HR of OS and PFS with 95% confidence intervals (CIs) were directly extracted from the Kaplan-Meier survival curves or calculated using a calculation sheet as described by Tierney et al. (33). The logarithm of HRs and the corresponding standard error (SE) were applied as data points for the meta-analysis. The tumor RRs, which was dichotomous data, expressed as pooled relative risk (RR) and 95% CIs were calculated. The significance of pooled effects was determined using a Z test; P < 0.05 was considered to indicate a statistically significant difference. Possible sources of heterogeneity were assessed performing meta-regression to evaluate the impact of covariates on overall heterogeneity, the restricted maximum likelihood (REML) estimation method proposed by Harbord et al. (9) was used for meta-regression. Sensitivity analysis was utilized to investigate the influence of a high-risk study on overall meta-analysis. Possible publication bias was determined using Egger's regression asymmetry test (34). Additionally, a contour-enhanced funnel plot was used to distinguish the detailed reasons underlying publication bias (35).




RESULTS


Study Selection Outcome

A total of 2,197 potentially relevant articles were retrieved using the search strategy described above. Among these, 918 were duplicates. A total of 1,168 articles were excluded by screening the titles and abstracts as they were reviews, letters, comments, not in English, case reports, or laboratory studies, leaving 111 articles. A further 93 articles were excluded by examining the abstracts or full-texts. Finally, 18 studies (10–27) met the inclusion criteria and were included in the present meta-analysis. The detailed flowchart of the selection process for eligible studies is shown in Figure 2.


[image: Figure 2]
FIGURE 2. Flowchart presenting the selection process of studies.




Study Characteristics

A total of 18 studies involving 1,766 participants were included in the present meta-analysis. Among these, 922 were allocated to the HAIC group, and 844 patients were allocated to the SC group. 10 studies (10–13, 15, 16, 19, 21–23) applied HAIC as a palliative treatment in patients with unresectable colorectal liver metastases, and 8 studies (14, 17, 18, 20, 24–27) used it as an adjuvant treatment in patients with curative resection of liver metastases. These studies were published between 1987 and 2019. In nine studies (50%), FUDR was the only drug used for HAIC (10–16, 22), 5-FU alone was used in two studies (20, 25), and the remaining seven studies (17, 18, 21, 23, 24, 26, 27) used a combination of drugs for HAIC. In the trial with three groups, either FUDR or 5-FU plus leucovorin was administered through HAIC. The regimens adopted in the SC group were, FUDR alone in three trials (10–12), 5-FU alone in four trials (13, 14, 20, 25), UFT alone in one study, and in the other 10 trials (15–17, 19, 21–24, 26, 27), a combination of regimens were used. With regards to the outcomes, 17 trials reported OS (10–23, 25–27), 11 trials reported RRs (10–15, 19, 21–23), 7 trials reported PFS (13, 17, 19, 21–23, 27). The characteristics of the included studies are presented in Table 1.


Table 1. Characteristics of included studies.

[image: Table 1]



Study Quality Assessment

Methodological quality graphs and a summary of the included studies are presented in Figures 3A,B. The generation of randomized sequence was identified adequately in all trials. Appropriate allocation concealment was missing in several trails. None of studies had robust double blinding procedures. The results of quality assessment, based on Jadad's scale, are presented in Figure 3C. The scores of included studies ranged between 1 and 3 points (mean, 2.22). A total of five studies (12, 21, 22, 26, 27) reported sequence generation and ensured random allocation. One trial (18) scored 1 point overall due to inappropriate allocation concealment. All included studies reported withdrawal/dropout rates. Therefore, five studies (12, 21, 22, 26, 27) out of 18 studies were considered high quality (≥3 points).


[image: Figure 3]
FIGURE 3. Methodological quality graph and summary of the included studies: (A) Risk of bias summary; (B) Risk of bias graph; (C) Jadad scoring system.




OS

OS outcomes were analyzed in 17 trials (10–23, 25–27), including a total of 1,715 patients. Five trials (15, 16, 18, 22, 23) out of 17 reported significantly improved median OS in the HAIC group (P < 0.05). The median OS time ranged between 11.2 and 72.2 months (mean, 27.24 months) in the HAIC group, and 11.0–76.6 months (mean, 23.99 months) in the SC group (Figure 4). Ten studies (10–13, 15, 16, 19, 21–23) applied HAIC as a palliative treatment in patients with unresectable colorectal liver metastases, and 7 studies (14, 17, 18, 20, 25–27) used it as an adjuvant treatment in patients with curative resection of liver metastases.


[image: Figure 4]
FIGURE 4. Mean median overall survival time.


Subsequently, heterogeneity was examined prior to pooled analysis. Test results revealed there were no significant heterogeneity across 10 palliative studies (P = 0.071, I2 = 43.0%) and 7 adjuvant studies (P = 0.111, I2 = 42.0%). Thus, a fixed effects model was applied for the pooled analysis. In the pooled meta-analysis, OS was significantly increased in the HAIC as palliative treatment group compared with patients in the SC group (Z = 3.66, P = 0.000; HR, 0.17; 95% CI, 0.08–0.26). Furthermore, OS was significantly increased in the HAIC as adjuvant treatment group compared with SC group (Z = 3.99, P = 0.000; HR, 0.63; 95% CI, 0.38–0.87). These results showed that HAIC was an effective treatment that increased OS. Pooled analysis results are presented in Figure 5.


[image: Figure 5]
FIGURE 5. Forest plot of hazard ratios (HR) for OS.




Tumor RRs

In total, 11 trials out of 18 reported RRs, and all 1,022 patients in these studies were included for pooled analysis. Among these, nine studies (2–5, 7, 9, 14, 18, 28) applied HAIC as a palliative treatment in patients with unresectable colorectal liver metastases, and two studies (14, 24) used it as an adjuvant treatment in patients with curative resection of liver metastases.

Heterogeneity among the studies was also examined. The results showed that there was statistical heterogeneity among nine palliative studies (P = 0.000, I2 = 72.2%). Thus, a random effects model was used for pooled analysis. In addition, there were no significant heterogeneity across two adjuvant studies (P = 0.604, I2 = 0.0%) and a fixed effects model was applied for the pooled analysis. Pooled data demonstrated higher rates of RRs in the HAIC as palliative treatment group compared with the SC group (Z = 3.36, P = 0.001; RR = 2.09; 95% CI, 1.36–3.22). In addition, RRs was significantly increased in the HAIC as adjuvant treatment group compared with SC group (Z = 3.53, P = 0.000; RR = 2.14; 95% CI,1.40–3.26). Pooled analysis is presented in Figure 6.


[image: Figure 6]
FIGURE 6. Forest plot of relative risk (RR) for tumor response rates.




PFS

A total of seven trials (11, 18, 20, 22–24, 28) out of 18 analyzed the impact of treatment on PFS (n = 924). Of these, five studies (13, 19, 21–23) applied HAIC as a palliative treatment and two studies (17, 27) used it as an adjuvant treatment. Heterogeneity was examined prior to pooled analysis. Test results revealed there were significant heterogeneity across 5 palliative studies (P = 0.040, I2 = 60.0%) and 2 adjuvant studies (P = 0.001, I2 = 91.3%). Thus, a random effects model was applied for the pooled analysis. In the pooled meta-analysis, PFS were neither significantly increased in the HAIC as palliative treatment (Z = 1.69, P = 0.091; HR, 0.22; 95% CI, −0.04–0.48) nor as adjuvant treatment (Z = 0.32, P = 0.750; HR, −0.27; 95% CI, −1.90–1.37). Meta-analysis of the pooled data demonstrated that PFS outcomes did not differ between the HAIC and the SC group. Pooled analysis results are presented in Figure 7.


[image: Figure 7]
FIGURE 7. Forest plot of hazard ratios (HR) for progression-free survival (PFS).




Sensitivity Analysis

Robustness of OS was further confirmed by sensitivity analysis in palliative treatment group (Figure 8A) and adjuvant treatment group (Figure 8B). Sensitivity analysis was performed using a leave-one-out at a time procedure, and the results showed that exclusion of any individual study did not significantly skew the pooled effect (P < 0.05), indicating that the results of pooled analysis for OS were robust to some extent.


[image: Figure 8]
FIGURE 8. (A) Sensitivity analysis of HAIC as palliative treatment for OS; (B) Sensitivity analysis of HAIC as adjuvant treatment for OS.




Publication Bias

Egger's test and contour-enhanced funnel plot were used to assess potential publication bias. Firstly, Egger's test was used to assess potential publication bias in the pooled OS as the results are quantitative. Egger's test showed there were no significant publication bias in HAIC as palliative treatment group (P = 0.057; Figure 9A) and adjuvant treatment group (P = 0.201; Figure 9B) in this meta-analysis. Subsequently, a contour-enhanced funnel plot, which added conventional milestones in levels of statistical significance (P < 0.1, P < 0.05, P < 0.01) to funnel plots, was utilized to distinguish detailed reasons of publication bias. Results indicated several missing studies were in areas of higher statistical significance (P < 0.01, Figures 9C,D), highlighting that the potential reason of the asymmetry may be due to factors other than publication bias. Finally, the original research was traced again, speculating that lower methodology quality (such as non-double-blinded design, unsatisfactory calculation of power and small sample sizes) may account for the bias. These limitations may undermine the reliability of the results.


[image: Figure 9]
FIGURE 9. (A) Egger's funnel plot of HAIC as palliative treatment for OS; (B) Egger's funnel plot of HAIC as adjuvant treatment for OS; (C) Contour-enhanced funnel plot for HAIC as palliative treatment; (D) Contour-enhanced funnel plot for HAIC as adjuvant treatment.




Meta-Regression Analysis

Meta-regression was performed to assess the effects of any underlying confounding factors on the pooled effect, and to identify potential sources of heterogeneity in the OS. The following covariates were considered as potential factors: (i) Different treatment regimens, FUDR alone vs. non-FUDR; (ii) sample size, n ≥ 100 vs. n < 100; and (iii) methodology quality assessment, high quality vs. low quality. Overall, univariate analysis showed all these three covariates did not exert any significant influence on the association between HAIC as a palliative or as adjuvant treatment and OS outcome (P > 0.05, Table 2). Subsequently, multivariate meta-regression was used to assess the effect of various covariates on the pooled effect of OS. The results revealed that all these three variables did not affect the relationship between HAIC and OS (P = 0.43) and heterogeneity was not observed based on this model. The results are shown in Table 2.


Table 2. Meta-regression analysis of overall survival (OS).
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DISCUSSION

To the best of our knowledge, the present meta-analysis is the first study to show the potentially positive benefits of HAIC in improving OS among CRLM patients compared with SC. This integrated analysis, which included 18 prospective RCTs with 1,766 participants, demonstrated that CRLM patients treated with HAIC had significantly higher OS rates compared with those treated with SC. HAIC as a palliative treatment in patients with unresectable colorectal liver metastases and as an adjuvant treatment in patients with curative resection of liver metastases were likely to prolong the OS time of CRLM patients. The rates of complete and partial RRs also increased significantly in the HAIC group compared with the SC group. However, PFS did not differ significantly between the two groups. These data demonstrate that HAIC may be an effective intervention for the treatment of CRLM, particularly in improving OS and RRs. However, pooled data demonstrated that PFS outcomes were not different between the HAIC and the SC group. This result may be interpreted as both HAIC and SC may effectively reduce progression or recrudescence of tumors.

HAIC is a mode of chemotherapeutic drug administration. HAIC, as a locoregional therapy, has significant advantages in terms of pathological RRs with a ≥ 6-fold increase in effective dose in CRLM patients (29). Owing to anatomical features, liver metastases are formed primarily from the blood supply from the hepatic artery, whereas normal liver tissue is primarily perfused by the portal vein; thus, a significantly higher local concentration of chemotherapeutic drugs can be administered via HAIC (28, 30). Furthermore, the metabolic processes of chemotherapeutic drugs in vivo, including absorption, distribution, metabolism, and excretion also affect clinical efficacy. FUDR, 5-Fu, oxaliplatin, or molecular targeting agents (such as bevacizumab and cetuximab) administered via HAIC have a short half-life and are metabolized primarily in the liver, thus allowing extremely low drug concentrations in the peripheral blood and reducing the effect of first-pass hepatic metabolism. As a result, HAIC is suitable for administration of effective higher doses of drugs directly to tumors, and thus lowers the risk of adverse systemic events (36).

The higher RRs of HAIC may underlie the improved OS rates, hypothetically. Favorable outcomes, such as prolonging survival and reducing tumor progression, were reported in previous studies. Rougier et al. (15) described a significant improvement in survival in patients treated with HAIC compared with SC with regards to the 1-year survival rates (64 vs. 44%) and 2-year rates (23 vs. 13%). The median survival times were improved in the HAIC group compared with the SC group (15 vs. 11 months), respectively. Allen-Mersh et al. (16) demonstrated improved OS in the HAIC group compared with the SC group (median survival time 405 vs. 226 days). Additionally, the quality of life was maintained even with long-term treatment. Another two trials also showed patients with CRLM had longer OS times when treated with HAIC (18, 22). In recent years, novel chemotherapeutic drugs, such as irinotecan, oxaliplatin, bevacizumab, and cetuximab are widely administrated through HAIC in clinical practice, contributing to longer survival times of >20 months in patients with CRLM (37, 38). These data suggest the potential of HAIC for the management of CRLM. However, based on available evidence currently, HAIC used as an adjuvant or as a palliative treatment may lead to different results. According to the conclusions from original studies (21, 23, 28, 29), HAIC as adjuvant treatment after curative liver resection (R0/R1) in CRLM patients did not show survival benefits. Thus, the conclusion from this study deduced that HAIC could serve as a palliative treatment for patients with CRLM and could beneficial to a longer survival time.

This integrated analysis provides evidence suggesting that HAIC is effective at controlling CRLM. However, potential limitations should be noted when accepting the conclusions of the present study. First, side-effects related to HAIC have been reported in several studies. Adverse effects may be technical or harmful when the pump and catheter are placed. Complications of pump placement, such as catheter-connected events, including hepatic artery occlusion, thrombosis and catheter-related infection, have garnered increasing attention, even though the rates were <7% (39, 40). Gastrointestinal symptoms, such as hyperbilirubinemia, biliary sclerosis, nausea, diarrhea, vomit, and stomatitis were observed in 25–35% of patients treated with HAIC (41, 42). Secondly, there was notable heterogeneity and bias between studies, which should be taken into consideration. Variations in the duration of administration of the chemotherapeutic drugs used in the HAIC and SC groups, inconsistent baseline data, such as the number of metastases, tumor size and location may result in heterogeneity. In addition, the improvement in OS from HAIC should also be assessed based on whether the liver metastases are resected. Finally, the methodological limitations should be acknowledged. None of the included studies had robust double blinding procedures, allocation concealment was missing in several studies, and small sample sizes may have resulted in selection and performance bias. All these factors may result in instability in the present analysis. Thus, more prospective studies with larger samples sizes, long-term survival time evaluation and standardized protocols are required to accurately determine the role of HAIC in controlling colorectal liver metastases.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found here: https://pubmed.ncbi.nlm.nih.gov/, https://www.crd.york.ac.uk/prospero/.



AUTHOR CONTRIBUTIONS

YZ, KW, and TY performed the search and drafted the manuscript. YC and WL performed the data extraction and analyzed the data. YZ and TY designed the study and amended the original draft. XY and TX provided the clinical imaging data of the patients and equally contributed to the conception of the study. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

Thanks to the authors who made detailed data available for this meta-analysis and our colleagues in this study for their hard work.



REFERENCES

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

 2. American Cancer Society. Key Statistics for Colorectal Cancer. Available online at: https://www.cancer.org/cancer/colonandrectumcancer/detailedguide/colorectalcancer-key-statistics (accessed January 15, 2018).

 3. Rees M, Tekkis PP, Welsh FK, O'Rourke T, John TG. Evaluation of long-term survival after hepatic resection for metastatic colorectal cancer: a multifactorial model of 929 patients. Ann Surg. (2008) 247:125–35. doi: 10.1097/SLA.0b013e31815aa2c2

 4. Chua TC, Saxena A, Chu F, Zhao J, Morris DL. Predictors of cure after hepatic resection of colorectal liver metastases: an analysis of actual 5- and 10-year survivors. J Surg Oncol. (2011) 103:796–800. doi: 10.1002/jso.21864 

 5. Bouchahda M, Levi F, Adam R, Rougier P. Modern insights into hepatic arterial infusion for liver metastases from colorectal cancer. Eur J Cancer. (2011) 47:2681–90. doi: 10.1016/j.ejca.2011.06.037

 6. Kemeny N, Fata F. Hepatic-arterial chemotherapy. Lancet Oncol. (2001) 2:418–28. doi: 10.1016/S1470-2045(00)00419-8

 7. Ammori JB, Kemeny NE. Regional hepatic chemotherapies in treatment of colorectal cancer metastases to the liver. Semin Oncol. (2010) 37:139–48. doi: 10.1053/j.seminoncol.2010.03.003

 8. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ. (2009) 339:b2700. doi: 10.1136/bmj.b2700

 9. Harbord RM, Egger M, Sterne JA. A modified test for small-study effects in meta-analyses of controlled trials with binary endpoints. Stat Med. (2006) 25:3443–57. doi: 10.1002/sim.2380

 10. Chang AE, Schneider PD, Sugarbaker PH, Simpson C, Culnane M, Stienberg SM. A prospective randomized trial of regional versus systemic continuous 5-fluorodeoxyuridine chemotherapy in the treatment of colorectal liver metastases. Ann Surg. (1987) 206:685–93. doi: 10.1097/00000658-198712000-00001

 11. Kemeny N, Daly J, Reichman B, Geller N, Botet J, Oderman P. Intrahepatic or systemic infusion of fluorodeoxyuridine in patients with liver metastases from colorectal carcinoma. A randomized trial. Ann Intern Med. (1987) 107:459–65. doi: 10.7326/0003-4819-107-4-459

 12. Hohn DC, Stagg RJ, Friedman MA, Hannigan JF Jr, Rayner A, Ignoffo RJ, et al. A randomized trial of continuous intravenous versus hepatic intraarterial floxuridine in patients with colorectal cancer metastatic to the liver: the Northern California Oncology Group trial. J Clin Oncol. (1989) 7:1646–54. doi: 10.1200/JCO.1989.7.11.1646

 13. Martin JK Jr, O'Connell MJ, Wieand HS, Fitzgibbons RJ Jr, Mailliard JA, Rubin J, et al. Intra-arterial floxuridine vs. systemic fluorouracil for hepatic metastases from colorectal cancer. A randomized trial. Arch Surg. (1990) 125:1022–7. doi: 10.1001/archsurg.1990.01410200086013

 14. Wagman LD, Kemeny MM, Leong L, Terz JJ, Hill LR, Beatty JD, et al. A prospective, randomized evaluation of the treatment of colorectal cancer metastatic to the liver. J Clin Oncol. (1990) 8:1885–93. doi: 10.1200/JCO.1990.8.11.1885

 15. Rougier P, Laplanche A, Huguier M, Hay JM, Ollivier JM, Escat J, et al. Hepatic arterial infusion of floxuridine in patients with liver metastases from colorectal carcinoma: long-term results of a prospective randomized trial. J Clin Oncol. (1992) 10:1112–8. doi: 10.1200/JCO.1992.10.7.1112

 16. Allen-Mersh TG, Earlam S, Fordy C, Abrams K, Houghton J. Quality of life and survival with continuous hepatic-artery floxuridine infusion for colorectal liver metastases. Lancet. (1994) 344:1255–60. doi: 10.1016/S0140-6736(94)90750-1

 17. Kemeny N, Huang Y, Cohen AM, Shi W, Conti JA, Brennan MF, et al. Hepatic arterial infusion of chemotherapy after resection of hepatic metastases from colorectal cancer. N Engl J Med. (1999) 341:2039–48. doi: 10.1056/NEJM199912303412702

 18. Kusunoki M, Yanagi H, Noda M, Yoshikawa R, Yamamura T. Results of pharmacokinetic modulating chemotherapy in combination with hepatic arterial 5-fluorouracil infusion and oral UFT after resection of hepatic colorectal metastases. Cancer. (2000) 89:1228–35. doi: 10.1002/1097-0142(20000915)89:6<1228::AID-CNCR6>3.0.CO;2-O

 19. Lorenz M, Muller HH. Randomized, multicenter trial of fluorouracil plus leucovorin administered either via hepatic arterial or intravenous infusion versus fluorodeoxyuridine administered via hepatic arterial infusion in patients with nonresectable liver metastases from colorectal carcinoma. J Clin Oncol. (2000) 18:243–54. doi: 10.1200/JCO.2000.18.2.243

 20. Tono T, Hasuike Y, Ohzato H, Takatsuka Y, Kikkawa N. Limited but definite efficacy of prophylactic hepatic arterial infusion chemotherapy after curative resection of colorectal liver metastases: a randomized study. Cancer. (2000) 88:1549–56. doi: 10.1002/(SICI)1097-0142(20000401)88:7<1549::AID-CNCR8>3.0.CO;2-K 

 21. Kerr DJ, McArdle CS, Ledermann J, Taylor I, Sherlock DJ, Schlag PM, et al. Intrahepatic arterial versus intravenous fluorouracil and folinic acid for colorectal cancer liver metastases: a multicentre randomised trial. Lancet. (2003) 361:368–73. doi: 10.1016/S0140-6736(03)12388-4

 22. Kemeny NE, Niedzwiecki D, Hollis DR, Lenz HJ, Warren RS, Naughton MJ, et al. Hepatic arterial infusion versus systemic therapy for hepatic metastases from colorectal cancer: a randomized trial of efficacy, quality of life, and molecular markers (CALGB 9481). J Clin Oncol. (2006) 24:1395–403. doi: 10.1200/JCO.2005.03.8166

 23. Fiorentini G, Aliberti C, Tilli M, Mulazzani L, Graziano F, Giordani P, et al. Intra-arterial infusion of irinotecan-loaded drug-eluting beads (DEBIRI) versus intravenous therapy (FOLFIRI) for hepatic metastases from colorectal cancer: final results of a phase III study. Anticancer Res. (2012) 32:1387–95. doi: 10.1002/1097-0142(20000915)89:6<1228::aid-cncr6>3.0.co;2-o

 24. Li X, Shi L, Wu J, Ji M, Zhao J, Qiang W, et al. First-line treatment with hepatic arterial infusion plus capecitabine vs. capecitabine alone for elderly patients with unresectable colorectal liver metastases. Cancer Biol Ther. (2016) 17:14–9. doi: 10.1080/15384047.2015.1108487

 25. Kusano M, Honda M, Okabayashi K, Akimaru K, Kino S, Tsuji Y, et al. Randomized controlled Phase III study comparing hepatic arterial infusion with systemic chemotherapy after curative resection for liver metastasis of colorectal carcinoma: JFMC 29-0003. J Cancer Res Ther. (2017) 13:84–90. doi: 10.4103/0973-1482.184524

 26. Kusano M, Aoyama T, Okabayashi K, Hirata K, Tsuji Y, Nakamori S, et al. A randomized phase III study of hepatic arterial infusion chemotherapy with 5-fluorouracil and subsequent systemic chemotherapy versus systemic chemotherapy alone for colorectal cancer patients with curatively resected liver metastases (Japanese Foundation for Multidisciplinary Treatment of Cancer 32). J Cancer Res Ther. (2018) 14:S761–6. doi: 10.4103/0973-1482.179188

 27. Ghiringhelli F, Vincent J, Bengrine L, Borg C, Jouve JL, Loffroy R, et al. Hepatic arterial chemotherapy with raltitrexed and oxaliplatin versus standard chemotherapy in unresectable liver metastases from colorectal cancer after conventional chemotherapy failure (HEARTO): a randomized phase-II study. J Cancer Res Clin Oncol. (2019) 145:2357–63. doi: 10.1007/s00432-019-02970-8

 28. Dezso K, Bugyik E, Papp V, Laszlo V, Dome B, Tovari J, et al. Development of arterial blood supply in experimental liver metastases. Am J Pathol. (2009) 175:835–43. doi: 10.2353/ajpath.2009.090095

 29. Auer RC, White RR, Kemeny NE, Schwartz LH, Shia J, Blumgart LH, et al. Predictors of a true complete response among disappearing liver metastases from colorectal cancer after chemotherapy. Cancer. (2010) 116:1502–9. doi: 10.1002/cncr.24912

 30. Voboril R. Blood supply of metastatic liver tumors: an experimental study. Int Surg. (2005) 90:71–7.

 31. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the quality of reports of randomized clinical trials: is blinding necessary? Control Clin Trials. (1996) 17:1–12. doi: 10.1016/0197-2456(95)00134-4

 32. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 33. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for incorporating summary time-to-event data into meta-analysis. Trials. (2007) 8:16. doi: 10.1186/1745-6215-8-16

 34. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

 35. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-enhanced meta-analysis funnel plots help distinguish publication bias from other causes of asymmetry. J Clin Epidemiol. (2008) 61:991–6. doi: 10.1016/j.jclinepi.2007.11.010

 36. Sadahiro S, Suzuki T, Tanaka A, Okada K, Kamata H, Koisumi J. Clinical significance of and future perspectives for hepatic arterial infusion chemotherapy in patients with liver metastases from colorectal cancer. Surg Today. (2013) 43:1088–94. doi: 10.1007/s00595-012-0416-1

 37. Saltz LB, Cox JV, Blanke C, Rosen LS, Fehrenbacher L, Moore MJ, et al. Irinotecan plus fluorouracil and leucovorin for metastatic colorectal cancer. Irinotecan Study Group. N Engl J Med. (2000) 343:905–14. doi: 10.1056/NEJM200009283431302

 38. Kemeny NE, Jarnagin WR, Capanu M, Fong Y, Gewirtz AN, Dematteo RP, et al. Randomized phase II trial of adjuvant hepatic arterial infusion and systemic chemotherapy with or without bevacizumab in patients with resected hepatic metastases from colorectal cancer. J Clin Oncol. (2011) 29:884–9. doi: 10.1200/JCO.2010.32.5977

 39. Allen PJ, Nissan A, Picon AI, Kemeny N, Dudrick P, Ben-Porat L, et al. Technical complications and durability of hepatic artery infusion pumps for unresectable colorectal liver metastases: an institutional experience of 544 consecutive cases. N Engl J Med. (2005) 201:57–65. doi: 10.1016/j.jamcollsurg.2005.03.019

 40. Barnett KT, Malafa MP. Complications of hepatic artery infusion: a review of 4580 reported cases. Int J Gastrointest Cancer. (2001) 30:147–60. doi: 10.1385/IJGC:30:3:147

 41. Ito K, Ito H, Kemeny NE, Gonen M, Allen PJ, Paty PB, et al. Biliary sclerosis after hepatic arterial infusion pump chemotherapy for patients with colorectal cancer liver metastasis: incidence, clinical features, and risk factors. Ann Surg Oncol. (2012) 19:1609–17. doi: 10.1245/s10434-011-2102-8

 42. Kanat O, Gewirtz A, Kemeny N. What is the potential role of hepatic arterial infusion chemo-therapy in the current armamentorium against colorectal cancer. J Gastrointest Oncol. (2012) 3:130–8. doi: 10.3978/j.issn.2078-6891.2011.025

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Zhang, Wang, Yang, Cao, Liang, Yang and Xiao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fonc-11-628558-g005.gif
Swdy 1D Weight%e
HAIG 9 poiae vesiment
Crangetal (1987) 031(026,086) 268
Kemenyotal (1587 016(026,085) 518
Homnetal (1559 010(005,026) 3287
Mornotal (1550) 015(031,082) 365
Fougeratal (1352) 041010.089) 897
Aanttosh ot ol (1999 04300408 520
Lotenzetal (2000) 004(025,0.17) 1847
Kerrotal 2003 004(022.029) 1240
Kamany ot 2008) 051017.000 701
Flrentel stal (2012) 050005095 390
Sutoal (rsquarea = 430%. = 0071) 017(008.028) 10000
HAIG 0 oot veamert
agnan eta (1350) 018(043.080) 1608
Kemony ot1(1699) 085010,151 1084
Kusunahatal (2000) 116065, 158) 2235
0516039, 141) 755
oaa(01s103) 1731
080(020,088) 1741
Ghngnatiotal (2019 015(102.071) 805
Sustoal (Hsquared = 420%,p=0111) 063038,08) 10000






OPS/images/fonc-11-628558-g006.gif
Sway i RROSWCD) — Weight %
[rr—
p— e ow
ey - osman e
- — mmna we
s J— caonem  ww
[ e Ggmm
o —— o
e o e
P e wo
revincs @ — soumem
T RE——— < wonam o
[——
[rm—
o — [EEET—
e—— monsm e
<> 2nesm e






OPS/images/fonc-11-628558-g003.gif
s tosacgns s e

[ —

Random sequsnca genaraton (sslacion bias) _

Binding of aricipants and prsome performance bias)

wcton vios)

Binging o ouicome assessment o

Aocation conceaiment sslscton bias)

Incomplats outcome data ation bias)
Setactve reporing (reporing bias)
omerbias

S T T Y

m

o0

B Low risk ofbias [ unciear risk ofbias W Hioh risk ofbias

Study name

Gharg ot o 1587).
Kemary ot o (1987
Ton .vu}mu

arin o1 o (1690
wagn o 11158
Mo i ot o 1634
Koy or 1 1259
Kotonad ot o (20001
Uagonz ot 1 (3600
Yoo ot ey

ot o1 o (3003
xomany o & 2008
TR of o 55
Lot (o)
Kusana o1 zan§
Kitaneor o (26151
g o 11015

Jab1ad score (points)





OPS/images/fonc-11-628558-g004.gif
* Log-rank test (P<0.05)

e~ HAIC
* SC

S

Study

(syyuour) SO uEIPIW UL





OPS/images/fonc-11-628558-g009.gif





OPS/images/fonc-11-628558-g007.gif





OPS/images/fonc-11-628558-g008.gif
Study omitted

1.18(1.08,1.2

Tiang ool (19877 9)
Kemeny etal (1987) 1.18(1.08,1.3)
Hohn et al (1989) 1.22(1.09.1.36)

Martin et al (1990)
Rougier stal (1992)
Allen-Mersh et al (1994)|
Lorenz et al (2000)

Kerr etal (2003)
Kemeny et al (2006)
Fiorentini et al (2012)
Combined

1.18(1.08,13

5 Esimases Hazaro_Rato (5% O

Study omitted

e < T

Kemeny ot ai(1999

Kusunoki et al(2000) | -

Tono et al(2000)

Kusano et al(201 72
19)

Kusano et al(2018
Ghiringhell et al(2(
Combined






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Meta-Analysis of Hepatic Arterial Infusion for Liver Metastases From Colorectal Cancer



		Introduction



		Materials and Methods



		Protocol Registration



		Eligibility Criteria



		Search Methodology



		Study Selection



		Data Extraction



		Quality Assessment



		Statistical Analysis







		Results



		Study Selection Outcome



		Study Characteristics



		Study Quality Assessment



		OS



		Tumor RRs



		PFS



		Sensitivity Analysis



		Publication Bias



		Meta-Regression Analysis







		Discussion



		Data Availability Statement



		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Meta-Analysis of Hepatic Arterial
Infusion for Liver Metastases From
Colorectal Cancer





OPS/images/fonc-11-628558-g001.gif





OPS/images/fonc-11-628558-g002.gif
_m

MEDLINE: 1= 523
Cochrane libary: 1 = 146

PubMed: 1= 1311
EMBase: - 534
Web of science: n = 457

Total number of articles (1 = 3101)

After screening titles and
abstracts (= 1476)

Potentially relevant artcles.
assessed for eligibility
=155

Studies included in
meta-analysis (n = 18)

HAIC as adjovant

HAIC s pallaive
trcatment n = 8)

eament (= 10)

Duplicates removed
(n=1625)

Review: =287

Non-English: =95

Inslevant rtic

Data unavailable sudies,
unreasonable  control
roup seting, unable to
et fullext (n=137)





OPS/images/fonc-11-628558-t002.jpg
Covariates HAIC as palliative treatment (10 studies) HAIC as adjuvant treatment (7 studies)

Exponentiated 95% CI% P Tau? Exponentiated 95% CI% P Tau?
coefficient coefficient

Univariate analysis
Treatment regimens 025 -029t0079 0323 0.026 0.49 -065t0163 032 0.068
Sample size 0.16 -062t0094 0646 0.025 0.30 -109t0169 060 0.108
Methodology quality 0.30 -021t0082 0212 0.026 0.87 -055t0229 018 0.114
Multivariate analysis
Treatment regimens 001 -0.55t00.53 095 NA 0.56 -128t0234 040 NA
Sample size 0.09 -0.46100.64 o7t NA 0.1 -18610208 087 NA
Methodology quality 008 -0.55100.38 0.67 NA 033 —185t01.18 054 NA
Omnibus test for moderators 0.64 004 072 0.149

&CJ, Confidence Intervals; NA, Not Applicable.





OPS/images/fonc-11-628558-t001.jpg
Study ID Year

Chang et al. 1987
Kemenyetal. 1987
Hohn et al. 1989
Martin et al. 1990

Wagman etal. 1990

Rougieretal. 1992
Allen-Mersh etal. 1994
Kemenyetal. 1999
Kusunoki etal. 2000
Lorenz etal 2000
Tono et al. 2000
Kerr et al. 2003

Kemenyetal. 2006
Fiorentini etal. 2012

Lietal. 2016
Kusano et al 2017
Kusano et al. 2018

Ghiringhelli et al. 2019

Region

America
America
America
America
America
France
England
America
Japan
Germany
Japan
England
America
Italy
China
Japan
Japan
France

Ages
Combination  SC group
group

57 (37-77) 61 (37-70)
60 (36-76) 61(37-75)
61.2(34-79) 61.8(36-79)
NR NR
57.8(87-73) 67 (54-76)
50438 61410
55+ 10 5948

59 (28-79) 59(30-77)
60.0(25-71)  555(33-75)
60.5 (33-78) 62 (37-80)
59058 61950
63 62

57 (21-81) 61(35-86)
64 (44-74) 63 (42-73)
78 (75-80) 775 (75-82)
63.0(40-80) 62,5 (46-80)
62.4(45-78)  64.2(32-77)
65.6(44.5-82.4)

Sample size Regimens of treatment group Regimens of control group Outcomes

84
99
115
69
41
163
100
156
58
168
19
290
135
74
51
88
44

547 (39.9-81.9) 27

HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:
HAIC:

FUDR

FUDR

FUDR

FUDR

FUDR

FUDR

FUDR
FUDR+DXM+LV+5-FU
5-FU+UFT
FUDR/5-FU+LV
5-FU

5-FU+LV

FUDR

CPT-11
FUDR+CAP

HAIC:6-FU

HAIC:
HAIC:

5-FU+LV4UFT
raltitrexed+OXA

SC: FUDR

SC: FUDR

SC: FUDR

SC: 5-FU

8C: 5-FU

SC: 5-FU/BSC

SC: 5-FU/BSC

SC: LV+5-FU

SC: UFT

SC: 5-FULY

8C: 5-FU

SC: 5-FU+LV

SC: 5-FU+LV

SC: CPT-1145-FU+LV
SC: CAP

SC: 5-FU

SC: LV+UFT

SC: AP/MMC/regorafenib

08, RRs

08, RRs

08, RRs

08, RRs, PFS
08, RRs

08, RRs

0s

08, PFS

0s

08, RRs, PFS
0s

08, RRs, PFS
08, RRs, PFS
08, RRs, PFS
RRs

0s

0s

08, PFS

HAIC, hepatic arterial infusion chemotherapy; SC, systemic chemotherapy; 5-Fu, flucrouracil; FUDR, floxuridine; LV, leucovorin; UFT, uracil tegafur; OXA, oxaliolatin; CAR, capecitabine;

MMC, mitomycin C; CPT-11, ir

inotecan; DXM, dexamethasone; BSC, best supportive care; NR, not reported.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





