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Background: The modern concept of oligometastatic (OM) state has
been initially developed to describe patients with a low burden of
disease and with a potential for cure with local ablative treatments.
We systematically assessed the risk of death and relapse of
oligometastatic (OM) cancers compared to cancers with more diffuse
metastatic spread, through a meta-analysis of published data.
Methods: PubMed, the Cochrane Library, and EMBASE were searched
for studies reporting prognosis of patients with OM solid tumors. Risk
of death and relapse were extracted and pooled to provide an
adjusted hazard ratio with a 95% confidence interval (HR 95%CI). The
primary outcome of the study refers to overall mortality in OM vs.
polymetastatic (PM) patients.

Results. Mortality and relapse associated with OM state in patients
with cancer were evaluated among 104,234 participants (n=173
studies). Progression-free survival was better in patients with OM
disease (hazard ratio [HR] = 0.62, 95% CI 0.57-0.68; P <.001; n=69
studies). Also, OM cancers were associated with a better OS (HR =
0.65, 95% CI 0.62-0.68; P<.01; n=161 studies). In colorectal (CRC),
breast, non-small cell lung cancer (NSCLC) and renal cell carcinoma
(RCC) the reduction in the risk of death for OM patients were 35, 38,
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30 and 42%, respectively.

Conclusions. Patients with oligometastases have a significantly better
prognosis than those with more widespread stage IV tumors. We
suggest that a treatment strategy that involves bot the primary and
the metastases should be identified at the time of diagnosis.
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Introduction

The vast majority of metastatic solid tumors are incurable, and despite the evolution of treatments, patients ultimately
die because of their disease. The modern concept of oligometastatic (OM) state was initially developed in 1995' to
describe patients with a low burden of disease (e.g. one to five metastases) with a potential for cure with local ablative
treatments. This assumption also relies on the hypothesis that metastatic spread follows a hierarchical pattern in time and
number of localizations.” In some circumstances, the 8" Tumor Node Metastasis (TNM) staging system distinguishes
between patients with a single metastasis and those with multiple such metastases. Large consensus on the definition
and management of OM patients is currently lacking. Recently, advances in imaging and local ablative therapies have
permitted the treatment of these patients with additional locoregional treatment in addition to systemic therapies, and
some patients may be cured and attain long term survival.” This scenario has been best elucidated in prostate, kidney, lung
and melanomas.™ In these settings oligometastatic cancers may be treated in oligoprogressive sites continuing systemic
therapy that control the remaining disease. Also, oligometastatic tumors at presentation can receive local treatments on
the primary tumor and on any single oligometastases. In the SABR-COMET randomized study median overall survival
(OS) was 28 months (95% CI 19-33) in the control group versus 41 months (26-not reached) in the stereotactic body
radiotherapy to all metastases group (hazard ratio 0.57, 95% CI 0.30-1.10; P = .09).°

The aim of this systematic review and meta-analysis was to investigate and establish the prognostic survival of OM
compared to non-OM solid tumors. In particular, we evaluated if patients with oligometastatic solid tumors do better than
patients with non-oligometastatic tumors defined as tumors with up to three to five metastatic sites.

Methods
This study followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines.

Search strategy and inclusion criteria

A comprehensive search was performed with the following terms: (advanced or metastatic or recurrent or relapsed or
synchronous or metachronous) and (site or oligo* or “oligometastastic” or oligorecurrence or oligoprogression or single
or multiple or 1-3 or >3 or >4 or >5 or 1-2 or 1-3 or 1-5 or number) and (synchronous or metachronous or metastases or
relapse or recurrence or progression) and (tumor or tumour or cancer or carcinoma or melanoma or sarcoma) and
(“hazard ratio”) and (cox or multivariate or multivariable) and survival. We searched PubMed, the Cochrane Library and
EMBASE for studies eligible for this meta-analysis published from inception up to October 30™, 2020. To be eligible,
studies needed to have evaluated survival of patients with metastatic cancers regardless of line of therapy and to provide
data of outcome according to the number of OM sites used by each author. Studies were excluded if they enrolled less than
10 patients, pediatric subjects, and hematological diseases. Commonly we define polymetastatic cancer as any disease with
more than three to five metastases. Studies were searched and screened independently by three authors (FP, MG and GT).

Quiality of studies and endpoints

The primary endpoint was overall survival (OS) and the secondary endpoint was progression-free survival (PES).
Quality assessment of the included studies was performed using the Newcastle-Ottawa Scale (NOS) for observational or
retrospective studies (http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp).

Data extraction and statistical analysis

The extracted data (from six reviewers) included the type of study, number of patients, cancer type, median age of
included patients, performance status 0-1 (rate), treatment received, timing of oligometastases (synchronous or metachro-
nous), number of OM sites used for comparison, and median follow up. Hazard ratios (HR) for OS and PFS with their
95% Cls, were extracted preferentially from multivariate analyses where available. The heterogeneity in the included studies
was evaluated by the Chi-square-based Q-test and P (I = 0% to 25%, no heterogeneity; I = 25% to 50%, moderate
heterogeneity; I> = 50% to 75%, high heterogeneity; I? = 75% to 100%, extreme heterogeneity). When I> was larger than
50%, a random effects model was used; otherwise, the fixed effects model was used. Sensitivity analyses for OS were
performed according to type of cancer, timing and number of oligometastases to find the potential heterogeneity among the
included studies. If the number of studies was less than or equal to one, we did not carry out the subgroup analysis. The
possibility of publication bias was explored by the Egger's and Begg's tests and Trim and Fill method.”* Begg's test explores
bias with a funnel plot, conversely Egger's test is a linear regression of the effect estimates (OS) on their standard errors
weighted by their inverse variance. The trim-and-fill method aims at estimating potentially missing studies due to publication
bias in the funnel plot and adjusting the overall effect estimate. All analyses were performed using RevMan v.3 software.’

Results

Among the publications retrieved using electronic search (n = 7510), 173 studies were eligible for meta-analysis, for
a total of 104,234 patients'’ (Figure 1). Baseline characteristics of the included studies and treatments received are
presented in Table 1.

Page 3 of 19


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

F1000Research 2021, 10:423 Last updated: 27 MAY 2021

[ Identification of studies via databases and registers ]
)
_5 Records removed before screening:
‘é Records identified from: Duplicate records removed (n =4183)
= Pubmed (n = 4515) > Records marked as ineligible by automation
= Other databases (n = 2995) tools (n = 2408)
§ Records removed for other reasons (n = 31)
—
\ 4
)
Refords screened L »| Records excluded lack of number of metastatic
(n=888) sites (n = 632)
\ 4
Reports sought for retrieval | Reports not retrieved
= (n = 256) T (n=12)
=
o
5
& \4
Reports assessed for eligibility
(n =244) ’
Reports excluded: did not report outcome
relative to oligometastatic site (n=71)
v
3 Studies included in review
S (n=173)
° Reports of included studies
= (n=173)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2020 flow diagram
showing the process of study inclusion.

Progression-free survival was better in patients with OM disease (HR = 0.62, 95% CI 0.57-0.68; P < .01; n = 69 studies;
Figure 2). Additionally, in the OS analysis, OM cancers were associated with a better OS (HR = 0.65, 95% CI10.62-0.68;
P <.01;n=161 studies; Figure 3). Results were significant for all analyzed disease subgroups except biliary tract cancer
and cervical cancer (only three studies included). In colorectal (CRC), breast, non-small cell lung cancer (NSCLC) and
renal cell carcinoma (RCC), which constituted the more representative series, the reduction in the risk of death for
OM patients were 35, 38, 30 and 42%, respectively (Figure 3). Timing of onset did not influence the risk of death. Most
studies reported OS analysis for up to three metastases (152 out of 161 studies). After exclusion of eight studies that
reported outcomes for up to five metastases the final results remained unchanged (HR = 0.64, 95%CI10.61-0.67; P < .01).
No cut-off was associated with a better outcome (1 vs 2 vs 1-2 vs 1-3 metastases).

Risk of bias through Begg's funnel plot was not significant for the OS analysis. Conversely, Egger's test showed evidence
of bias (P <.01) (Figure 4). Trim and Fill analysis incorporated 29 missing studies. The overall effect measure (95% CI)
based on this analysis was 0.7 (0.67-0.73), which became slightly weaker compared to the originally reported overall
effect measure. Compared with cancers with more than three to five metastases, high-certainty evidence indicates OM
tumors are associated with better prognosis in particular for CRC, breast, NSCLC and RCC.
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Figure 2. Progression-free survival of oligo- compared to non-oligometastatic cancers.
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Figure 4. Funnel plot of publication bias for overall survival analysis showing standard error by log hazard
ratio.

Discussion

The definition of oligometastatic refers to malignancies with a limited metastatic spread which may be amenable of radical
treatment for both primary and each distant site, and that generally have a better prognosis compared to polymetastatic
cancers. A very recently published paper clearly explains the timely clonal evolution of somatic mutations and consequently
the metastatic process of many cancer types.'' It may be hypothesized that OM cancer is associated with a more indolent
spread and therefore may represent a less fatal disease. With the expansion of the oncological armamentarium, many efforts
have been made over the years to improve outcomes of patients with minimal metastatic burden.

We have performed the most exhaustive systematic review of the literature to quantify the prognostic value of OM
stage in various cancers. Overall, OM cancer patients have a risk of death and progression that is a third less than the
polymetastatic counterpart. The OM state is frequently calculated as an independent favorable prognostic variable, which
means that these patients do well independent from other clinical-pathological characteristics. The effect size was
calculated from 173 studies including more than 100,000 patients. The final results were similar in all the most frequent
histologies including CRC, breast cancer, NSCLC, RCC and sarcoma with inferior survival in OM gastric, melanoma and
head and neck cancers.

There is evidence from randomized clinical trials'*"'* that ablative therapies improve survival in patients with OM
cancer. For example, in some cancers small randomized studies' " already provide evidence of survival improvement
in patients that received both systemic and local therapies compared to those that received systemic therapies alone. As
a matter of fact, resection of colorectal cancer liver metastases nowadays represents an essential curative option and
a primary endpoint in multiple clinical trails.'> Furthermore, Gomez et al."’ found that in OM NSCLCs, adding local
consolidative therapy to active oligometastases and to primary disease may improve OS from 17 to 41 months. Also, in RCC
the treatment of indolent lung metastases may permit delaying the start of systemic treatment and obtain an excellent
control.'* A large burden of evidence now supports local therapy for minimal oligoprogressive cancers treated with targeted
therapies or immunotherapy. Here, metastases-directed therapy could delay the switch of systematic therapy by radical local
treatment of all progressive metastatic sites.'”'® With the advent of immunotherapy, the combination of immune check
point inhibitors and radiotherapy to single OM lesions may facilitate a potentiation of the immune response, increasing the
chances of achieving an abscopal effect. This term describes an event in which focalized radiotherapy discharge systemic
anti-tumoral action that can result in distant responses.'” For example, in lung cancer the combination has a good safety
profile and achieves high rates of local control and greater chances of obtaining abscopal responses than radiotherapy alone,
with a relevant impact on outcome.'® Oligometastatic cancers can also regarded as extended locoregional disease if, after
proper conversion therapy, all sites of metastases and primary tumor may be radically resected with curative purposes. Such
a strategy has been employed in largely incurable cancers ad gastric and pancreatic carcinomas.'”’
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This meta-analysis has several limitations. First, our review does not evaluate the absolute benefit of any local treatment
and the prognosis and management of oligoprogressive disease or down staged polymetastases to an OM state. Second,
the literature search covered a large lifetime span and may include older series where radiological evaluation did not
include more advanced modalities that can now increase the accuracy of oligometastases detection. Finally, the optimal
number of lesions defining the OM state cannot be defined in this paper.

A consensus paper of EORTC and ESTRO societies attempted to provide definitions of various OM conditions either
naive or attained after therapy and either synchronous or metachronous.”'

Some large, randomized studies have included local therapies for OM cancers. An NRG Oncology randomized phase II/III
trial study compares therapy with stereotactic radiosurgery and/or surgery with standard of care therapy alone in treating
patients with breast cancer that has one or two locations in the body (limited metastatic) that are previously untreated. The
PREST study will assess the efficacy of ablative radiotherapy (stereotactic body radiotherapy applied to all oligometastases)
administered to all tumor sites (metastases and prostate if applicable), in oligometastatic hormone-sensitive prostate cancer
patients. Finally, an ECOG-ACRIn phase III study compared standard chemotherapy to consolidative radiotherapy in
patients with oligometastatic HER2 negative esophageal and gastric adenocarcinoma (https://clinicaltrials.gov/ct2/show/
NCT02364557; https://clinicaltrials.gov/ct2/show/NCT04115007; https://clinicaltrials.gov/ct2/show/NCT04248452).

Conclusions
In conclusion, this meta-analysis tried to quantify the prognosis associated with OM compared to cancers with more
extensive diffusion. Based on our findings, we suggest that every metastatic patient should be accurately evaluated for the

number of distant sites of disease, and a treatment strategy that involves both the primary and the metastases should be
carefully considered. Also, we propose that these patients should be stratified when included in clinical trials.

Data availability

Extended data

Mendeley Data: Extended data for ‘Better survival of patients with oligo- compared with polymetastatic cancers:
a systematic review and meta-analysis of 173 studies’.

http://dx.doi.org/10.17632/8kycvdnp6v.1."°

This project contains the following extended data:

Supplementary Table 1: List of included studies.

Reporting guidelines
Mendeley Data: PRISMA checklist for ‘Better survival of patients with oligo- compared with polymetastatic cancers:
a systematic review and meta-analysis of 173 studies’.

http://dx.doi.org/10.17632/8kycvdnp6v.1.'°

Data are available under the terms of the Creative Commons Attribution 4.0 license (CC-BY 4.0).
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