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Abstract

The liver is a common site of metastasis for many primary malignancies, but the quantitative 

impact on survival is unknown. We performed a systematic review and meta-analysis of 83 studies 

(604,853 patients) assessing the overall hazard associated with liver metastases by primary tumor 

type and treatment regimen. The pooled overall survival HR (95% CI) for all included studies 

was 1.77 (1.62, 1.93). Patients with breast cancer primaries fared the worst (HR: 2.37, 95% CI: 

1.64, 3.44), as did patients treated with immunotherapies (HR: 1.86, 95% CI: 1.42, 2.42). Liver 

metastases negatively impact survival, necessitating new approaches to disease management.

Introduction

The primary cause of cancer related deaths are due to metastasis—the dissemination and 

colonization of tumor cells to distant body sites1,2. As such, the clinical and pathological 

staging systems for most solid tumors take into account distant metastases and thereby 

stratify patients into separate prognostic and treatment groups3. One of the most common 

metastatic sites regardless of primary malignancy is the liver4,5. Though many studies 
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have shown liver metastases to be a poor prognostic feature6–8, formal analysis of their 

contribution to patient survival outcomes is limited.

Furthermore, the advent of immune checkpoint inhibitors (ICIs), such as those targeting 

cytotoxic T-lymphocyte-antigen 4 (CTLA-4) and programed death 1 (PD-1) have changed 

cancer care. Recent studies have demonstrated a negative association between liver 

metastasis and efficacy of ICI9–14. The liver is known to create an immunosuppressive 

environment15 and recent work in our lab has shown that liver metastases modulate anti-

tumoral immunity and thereby reduce the efficacy of ICI16. Despite a growing body of 

literature pointing to the negative prognostic role of liver metastases in patient survival, there 

are, to our knowledge, no systematic reviews or meta-analyses evaluating this effect.

Here we performed a systematic review of the literature for studies documenting the hazard 

associated with liver metastases. Given what we know about how the liver engages with the 

immune system we expect that all patients with liver metastases, regardless of their primary 

malignancy, will have poorer outcomes compared to patients with metastatic involvement at 

other body sites. To assess this, we performed a subset analysis by primary malignancy. We 

also stratified studies by the treatment type to understand if patients with liver metastases 

on particular therapies, whether it be cytotoxic, targeted, or ICI, fare worse. Finally, since 

non-small-cell lung cancers (NSCLC) frequently metastasize to the liver and this is one of 

the primary histologies for which ICI is approved, we analyzed the relative effect of liver 

involvement by treatment type.

Methods

Search Strategy and selection criteria

We performed a systematic search of published literature by primary malignancy from 

September 2020 to February 2021 in three databases: MEDLINE, EMBASE, and 

ClinicalTrials.gov. We also reviewed abstracts from major conference proceedings. To 

be included in this meta-analysis the study had to provide overall survival outcomes 

data in the form of hazard ratios (HR) for patients with liver metastases compared to 

other sites of disease. In the event that a hazard ratio was not reported median survival 

times were used as an approximation of hazard. All study types, including clinical trials, 

prospective and retrospective/observational studies, were included in the search. Three 

reviewers (JW, MG, VM) independently searched the databases using predefined MESH or 

EMTree search terms. Pubmed MESH terms used included: “Liver Neoplasms/Secondary” 

AND “Prognosis” AND “[primary malignancy]” and Embase EMTree terms used included: 

“cancer prognosis/exp” AND “[primary malignancy].” For specific primary malignancy 

terms used see Table 1. Using these terms, 14,788 studies were identified. Following 

de-duplication and initial title and abstract screen for the appropriate search terms, 1,240 

studies were included. Of these, 472 studies contained overall survival outcome measures 

on patients with liver metastases and were included for full text analysis. Three reviewers 

(JW, VM, ZC) independently assessed if studies met the predetermined criteria and a fourth 

reviewer, MG, was consulted in case of disagreement. All discrepancies were discussed and 

resolved with the consensus of all investigators. Three reviewers (JW, VM, ZC) extracted 

data from each study.
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Data analysis

Detailed study information (first author and year of publication, study design/trial phase, 

number of patients, and exclusion criteria) and patient characteristics (primary cancer type, 

percent female, percent preserved performance status (ECOG 0–1, KPS >80%), percent 

of patients with liver metastases, and type of therapy) were collected. When duplicate 

publications were identified, only the most recent and completed reports were included. 

For studies with both a training and validation cohort, only the validation cohort was used. 

Multiple independent cohorts were used within a single study if outcomes criteria were met. 

The Newcastle-Ottawa Scale (NOS) was used for assessing the quality of nonrandomized 

studies. This system assesses the patient selection, cohort comparability, and outcome of 

each study using a point-based system where a maximum of 4, 2, and 3 points can be 

awarded in each category, respectively.

The primary endpoint was the difference in overall survival log hazard ratio between patients 

with liver metastases and those with other sites of metastatic disease. HRs and their 95% 

CI and/or p-value comparing survival outcomes between the two groups were extracted for 

each study. These data had to be directly accessible or computable in order for a study 

to be included in the final analysis. Review Manager (RevMan) as part of the Cochrane 

Collaboration was used to compute all pooled HRs (using a random-effects model) and 

tests of heterogeneity17. The I2 statistic describing the percentage of the variability in effect 

estimate due to heterogeneity was calculated for each pooled estimate18.

Role of the funding source

Investigator grant support did not influence the data interpretation, and the corresponding 

author had full access to all of the study data and had the final responsibility in submission 

for publication.

Results

Following our database search, 14,788 studies were identified. Ultimately 83 articles 

between 1982 and 2021 were selected for inclusion (Figure 1). Some articles analyzed 

multiple cohorts, leading to a total of 98 data points included in this analysis. 15 of 98 (15%) 

datapoints were extracted from prospectively conducted studies, while 83 of 98 (85%) were 

collected from retrospective studies. Each dataset had overall survival comparisons between 

patients with liver metastases and those with other sites of metastatic involvement.

The most prevalent primary malignancies included lung cancer (27.6%), prostate cancer 

(15.3%), breast cancer (15.3%), pancreatic cancer (7.4%) and melanoma (7.4%). Other 

primary histologies represented can be seen in Figure 2. Of the 604,853 patients included 

in this meta-analysis 40% were female, 82% had preserved performance status, and 29% 

had documented liver metastases. The majority of patients were treated with either cytotoxic 

chemotherapy (43.9%) or immunotherapy (18.4%), however, 26.5% of studies either did not 

report or did not stratify by treatment regimen.

All patients with liver metastases had worse survival outcomes (pooled HR: 1.77, 95% 

CI: 1.62, 1.93) (Figure 2). Heterogeneity was assessed using an interaction test where I2 
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was 94% (Figure 3). To assess if a particular tumor type that metastasizes to the liver fare 

worse we calculated pooled estimates for each (Figure 4). Of the primaries with ≥ 2 studies, 

patients with breast cancer have more than double the risk of death associated with the 

development of liver metastases (HR: 2.37, 95% CI: 1.64, 3.44). Similarly, patients with 

pancreatic cancer (HR: 1.76, 95% CI: 2.20) and melanoma (HR: 1.73, 95% CI: 1.22, 2.44) 

with liver involvement had worse outcomes. Primary malignancies that had less overall 

hazard associated with liver metastases included nasopharyngeal carcinoma (HR: 1.38, 95% 

CI: 1.17, 1.61) and sarcoma (HR: 1.12, 95% CI: 0.87, 1.43), though only 3 studies for each 

were identified and included in the analysis.

Patients with liver involvement have been shown to have poorer survival outcomes 

regardless of treatment types. However, more recently, multiple studies have demonstrated 

that liver metastases are not only negatively prognostic but also predictive of poor responses 

to ICI10,16,19. This meta-analysis confirms poor outcomes to ICI in all patents with liver 

metastases compared to other metastatic sites of disease (HR: 1.86, 95% CI: 1.42, 2.42) 

(Figure 5). Given that immunotherapy is routinely used in patients with NSCLC, we wanted 

to assess if treatment with ICI vs other therapy types had a greater effect on survival in 

patients with liver metastases (Figure 6). Patients treated with ICI had better outcomes (HR: 

1.69, 95% CI: 1.06, 2.70) compared to those treated with either chemotherapy (HR: 1.75, 

95% CI: 1.22, 2.51) or targeted therapy (HR: 1.91, 95% CI: 1.22, 2.75).

Discussion

The liver serves critical functions in metabolism, detoxification, and synthesis of 

proteins and factors critical for fluid balance and blood clotting. We observed that 

the presence of liver metastases was associated with poor prognoses across all solid 

cancer types. Liver metastases can contribute to cancer mortality by disrupting the 

physiological organ functions. Pooled, prospective clinical trials in breast cancer patients 

treated with chemotherapy have demonstrated that liver metastases are associated with 

increased treatment-related adverse events, presumably secondary to altered chemotherapy 

metabolism20. In colorectal cancer patients, increases in the number and volume of 

liver metastases is associated with elevations in liver function tests indicative of organ 

damage21. Consistent with this, however, clinically significant alterations in liver function 

tests indicative of organ failure are uncommon. In a breast cancer series, less than 5% 

of patients presented with obstructive jaundice and only 6% of patients had abdominal 

ascites22. Registry data suggests only 1–10% of liver-related mortality is secondary to 

liver failure23. Thus, it remains unclear whether other mechanisms contribute to the poorer 

prognosis of patients with liver metastases.

We also observed that liver metastases are associated with poor clinical outcomes in patients 

receiving immunotherapy. In addition to its metabolic and synthetic functions, the liver 

also acts as a secondary lymphoid organ, housing a large number of innate and adaptive 

immune cells. The liver is uniquely capable of promoting immune tolerance to antigens 

through a variety of mechanisms24. Unexpectedly, immune tolerance mechanisms within 

the liver can regulate systemic immune function. This was first described more than fifty 

years ago when it was found that liver transplants suppressed graft rejection of other organs 
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both in preclinical models and patients. In cancer, hepatic immune tolerance has long been 

thought to be a factor which supports metastatic seeding of the liver25. Preclinical modeling 

has also found that liver metastases20 can coopt hepatic immune tolerance mechanisms 

to induce resistance to immunotherapy through a variety of mechanisms. We and others 

have found that liver metastases can cause loss of dendritic cells and CD8+ T cells as 

well as upregulate immunosuppressive T regulatory cells and macrophages16,26,27. Thus, 

hepatic immune tolerance may contribute to the morbidity and mortality associated with 

liver metastases.

To our knowledge this is the first analysis comprehensively and clearly showing the negative 

prognostic role of liver metastases on patient outcome, however, there are limitations to 

consider.

Individual patient clinical, pathologic, and radiographic features were not available, 

preventing multivariable modeling and accounting for potential confounding variables. 

These variables, in addition to the inclusion of different primary tumor histologies and 

treatment types, added to the considerable heterogeneity seen in this analysis. Therefore, 

to generate more conservative estimates we used a random effects model. Additionally, all 

literature reviews are susceptible to positive publication bias. Nevertheless, both prospective 

and retrospective clinical trials consistently have found that liver metastases are associated 

with poor cancer outcomes. Advances in understanding how liver metastases influence 

cancer outcomes are needed. This knowledge is critical to the development of innovative 

combination treatment strategies to improve the prognosis of patients with liver metastases.
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Figure 1: PRISMA Analysis
Flowchart of study selection.
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Figure 2: Forest Plot of Included Studies
Hazard Ratio (HR) of Overall Survival (OS) for each included study.
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Figure 3: Heterogeneity Analysis
Funnel Plot evaluating potential publication bias in meta-analysis.
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Figure 4: Liver metastases are negatively prognostic regardless of primary histology.
Forest plot of summary hazard ratios of liver metastases vs. other metastases by primary 

histology. OS: overall survival, HR: hazard ratio.
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Figure 5: Patients with liver metastases have worse overall survival regardless of therapeutic 
intervention.
Forest plot of summary hazard ratios by therapy type. OS: overall survival, HR: hazard ratio.
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Figure 6: Liver metastases portend worse overall survival in lung cancer patients irrespective of 
therapeutic intervention.
Forest plot of summary hazard ratios of liver metastases vs. other metastases in patients 

with NSCLC by treatment type. OS: overall survival, HR: hazard ratio. *Indicates this study 

analyzed small cell lung cancer.
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Table 1:

Search Terms

Primary Malignancy MESH term EMTree term

Anal Anus Neoplasms anus cancer

Bladder Urinary Bladder Neoplasms bladder cancer

Breast Breast Neoplasms breast cancer

Cervical Uterine Cervical Neoplasms uterine cervix cancer

Colon Colonic Neoplasms colon cancer

Esophagus Esophageal Neoplasms esophagus cancer

Gastric Stomach Neoplasms stomach cancer

Head and Neck Head and Neck Neoplasms head and neck cancer

Melanoma Melanoma melanoma

Merkel Carcinoma, Merkel Cell merkel cell carcinoma

Non-small cell Carcinoma, Non-Small-Cell Lung non-small cell lung cancer

Small cell Carcinoma, Small Cell small cell lung cancer

Ovarian Ovarian Neoplasms ovary cancer

Pancreatic Pancreatic Neoplasms pancreas cancer

Prostate Prostatic Neoplasms prostate cancer

Rectal Rectal Neoplasms rectum cancer

Small Bowel Intestinal Neoplasms small intestine cancer

Sarcoma Sarcoma sarcoma

Testicular Testicular Neoplasms testis cancer

Thymic Thymus Neoplasms thymus cancer

Thyroid Thyroid Neoplasms thyroid cancer

Vulvar Vulvar Neoplasms vulva cancer

Skin Cancer Skin Neoplasms skin cancer
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