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Benefits of local consolidative treatment in oligometastases
of solid cancers: a stepwise-hierarchical pooled analysis and

systematic review

Chai Hong Rim @', In-Soo Shin**, Sunmin Park'* and Hye Yoon Lee®

We conducted a meta-analysis of articles published in PubMed, MEDLINE, EMBASE, and Cochrane library to investigate the
effectiveness of local consolidative therapy (LCT) against oligometastases. Data from randomized controlled trials (RCTs), balanced
studies, and all studies combined were analyzed in a hierarchical manner. Pooled analyses of 31 studies (including seven
randomized trials) investigating the effectiveness of LCT on overall survival revealed odds ratios of 3.04, 2.56, and 1.41 for all
studies, balanced studies, and RCTs, respectively (all p < 0.05). The benefit of LCT was more prominent in patients with non-small
cell lung and colorectal cancers than in those with prostate and small cell lung cancers. Moreover, the benefit of LCT was smaller in
patients with high metastatic burdens (p = 0.054). In four of 12 studies with available information, additional grade >3 toxicities due
to LCTs were reported. Overall, LCT is beneficial for patients with oligometastases, although such benefits are less evident in RCTs
than in observational studies. Appropriate LCTs should be carefully selected considering their feasibility, disease type, and

metastatic burden.
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INTRODUCTION

To date, cancer treatments have been selected depending on the
pathologic stage of progression. The highest solid cancer stage
indicates a systemic disease that has spread beyond the primary
tumor and lymphatics and has little-to-no chance of being cured.
Systemic administration of chemotherapy is regarded as the only
valid option, while local modalities such as surgery or radiotherapy
are deemed ineffective in terms of survival.

However, long-term survival is not uncommon among patients
with metastases who have successfully undergone local salvage
treatment. In the late twentieth century, a pivotal case series
revealed that patients who underwent resection of the liver for
metastases from colorectal cancer had a 5-year survival rate of
28-37%'~3; this rate reached 58% as reported in a more recent
series”. The International Registry of Lung Metastases study
revealed 5- and 10-year survival rates of 36% and 26%,
respectively, after curative resection for lung metastases®. Survival
outcomes were affected by smaller metastatic burdens or lower
levels of tumor markers, which indicated the gradually progres-
sing nature of the metastatic cascade and the presence of an
intermediate state, that is, oligometastasis.

Nevertheless, more than two-thirds of such patients ultimately
experience polymetastases, and open surgery might be burden-
some for some patients whose chance of cure is uncertain and
who are debilitated by their disease. The practical and clinical
considerations of oligometastases have increased with technolo-
gical advances in radiotherapy. Given the development of
conformal technologies based on computed tomography plan-
ning, such as stereotactic body radiotherapy (SBRT), noninvasive,
and ablative irradiation methods for metastatic lesions have
become feasible®.

Extensive literature has recently emerged regarding the
application of local consolidative treatment (LCT) for oligometas-
tases’%; however, the vast majority of publications are single-arm
observational studies. This is partly because it can be difficult to
design randomized controlled trials (RCTs) involving patients with
metastases given ethical considerations (e.g. the possibility of
missing a beneficial treatment because of assignment to a control
arm) and patients’ widely varying clinical characteristics. The
biological understanding of oligometastatic disease has evolved
but remains unclear. Therefore, whether patients can benefit from
local treatment for their metastases and whether oligometastasis
exists as a status remains controversial®'°.

This meta-analysis aimed to assess the effectiveness of LCT for
patients with oligometastases due to any type of solid cancer,
thereby validating the benefit of LCT and aiding in clinical
decision-making.

RESULTS

Study selection and characteristics

The meta-analysis included 31 controlled studies (23 retrospective
and eight prospective studies)®''™ identified from 436 initially
searched records in three databases; the studies included 4762
patients, of whom 2186 and 2576 were divided into the LCT and
control arms, respectively. The study inclusion process is depicted
in Fig. 1. Eight studies reported conflicts of interest with industrial
sponsorship; the remainder had nothing to disclose. Seven studies
were RCTs, eight used propensity score matching, 12 reported
statistical comparisons of major clinical indicators between arms,
and four had no comparative statistical data. Twelve studies
included patients with non-small cell lung cancer (NSCLC), two
included patients with small cell lung cancer (SCLC), six included
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Fig. 1

patients with prostate cancer, three included patients with color-
ectal cancer, two included patients with esophageal cancer, two
included patients with hepatocellular carcinoma (HCC), and one
each included patients with the bile duct, head and neck, sarcoma,
and multiple cancers. Most studies (25, 81%) included patients with
synchronous and/or metachronous oligometastases and six (19%)
targeted patients with metachronous oligometastases. Eleven
studies (35%) defined oligometastases as the presence of <5
metastases; eight studies (26%) defined it as the presence of <3
metastases, and the remainder used varying definitions (Table 1; a
detailed version is also provided in Supplementary Table 1).

LCT was performed principally to treat distant metastatic lesions
as reported in 24 studies (77%) and to treat primary tumors in nine
studies. Surgical resection was the LCT modality of choice in
19 studies (61%) and was performed exclusively in five studies and
combined with other modalities in 14 studies (mostly radiotherapy
in 12 studies). Radiotherapy was performed in 22 studies (71%),
exclusively in nine studies and in combination with other
modalities in 13 (mostly surgery, in 12 studies). Radiofrequency
or microwave ablation was used in a few studies involving
patients with liver neoplasms or metastases. Although only three
studies reported significant differences in the number of
metastases between the study arms, 12 of the 22 studies (55%)
reported a higher frequency of single or low number metastases,
without statistical significance, in the LCT arm. Clinical data from
the studies are shown in Table 2 (with a more detailed version in
Supplementary Table 2).

Pooled analyses of primary endpoints

In the pooled analyses of overall survival (OS), the odds ratios
(ORs) were 3.04 (95% confidence interval [Cl]: 2.28-4.06, p < 0.001),
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Study selection process: among the 1468 records intially searched, 31 studies were included in the current meta-analysis.

2.56 (95% Cl: 1.79-3.66, p < 0.001), and 1.41 (95% Cl: 1.02-1.95,
p =0.041) for all studies, balanced studies, and RCTs, respectively.
In the pooled analyses of progression-free survival (PFS), the
pooled ORs were 2.82 (95% Cl: 1.96-4.06, p < 0.001), 2.32 (95% ClI:
1.60-3.38, p < 0.001), and 1.39 (95% Cl: 1.09-1.80, p = 0.009) for all
studies, balanced studies, and RCTs, respectively. The pooled ORs
for OS in studies principally targeting metastatic and primary
tumors were 3.34 (95% Cl: 2.40-4.66, p < 0.001) and 2.22 (95% Cl:
1.21-4.08, p = 0.010), respectively, with no significant difference in
subgroup comparisons (p = 0.248); the corresponding ORs for PFS
were 334 (95% Cl: 2.18-5.13) and 1.60 (95% Cl: 0.99-2.59),
respectively, with a significant difference between subgroups (p =
0.025). The pooled ORs for OS according to high versus low
metastatic burden studies were 2.23 (95% Cl: 1.56-3.20, p < 0.001)
and 4.32 (95% Cl: 2.45-7.59, p < 0.001), respectively, although the
difference between these subgroups had a nonsignificant trend
(p = 0.054). Regarding PFS, the ORs were 2.27 (95% Cl: 1.67-3.09,
p<0.001) and 3.43 (95% Cl: 1.70-6.96, p =0.001), respectively,
with no significant difference between the subgroups (p = 0.293).
Heterogeneity was significant in most pooled analyses, but was
low and insignificant in the pooled analyses of RCTs alone and in
the pooled PFS analysis of the high metastatic burden subgroup.
Possible publication biases were noted in the pooled analyses of
OS in all studies and those investigating metastases, as well as in
the pooled analyses of PFS in all studies, balanced studies, studies
investigating metastases, and high metastatic burden studies. The
main results are presented as Forest plots in Fig. 2, and the
detailed results of pooled analysis are shown in Table 3.

In the pooled analyses of OS according to cancer types, the
benefit of LCT was more prominent in patients with NSCLC (OR:
3.14, p<0.001; pooled 2-year OS: 65.2 vs. 37.0%) and colorectal
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Table 1 continued

NOS score Type of oligometastases; preceding Defined no. of oligomets.

Total no. of
patients

Study type LCT group compared with control

Patient

First author, target

disease

Tx for primary dz.

recruitment years

N/A
<3

Synchronous

92
67

PSM

2004-2013

Pan, HCC

Metachronous; RO or R1 resection

PSM, more ICC (p <0.001), more local

mets. location (p

1996-2015

Morino, bile duct

0.005)

1 (77%), but ranged

up to 10
<5

Synchronous and metachronous;

OP, CTx, RT

47

Intentioned match

2001-2016

Schulz, head
and neck

Synchronous and metachronous;

OP 93%, RO 62% R1 23%

281

0.04), more

Smaller primary tumor (p
controlled primary (p

2000-2012

Falk, sarcoma

0.0003), less lung

=0.006)

mets (p

NOS Newcastle-Ottawa Scale, NSCLC non-small cell lung cancer, SCLC small cell lung cancer, HCC hepatocellular carcinoma, R retrospective, N/A not assessable, OP operation, P prospective, RCT randomized

controlled trial, PR partial remission, SD stable disease, CTx chemotherapy, PSM propensity score matching, TK! tyrosine kinase inhibitor, PSA prostate-specific antigen, RTx radiotherapy, PS performance status,

NACT neoadjuvant chemotherapy, NAC(R)T neoadjuvant chemotherapy and/or radiotherapy.
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cancer (OR: 4.11, p = 0.066; 2-year OS: 66.2 vs. 33.2%) than in those
with prostate cancer (OR: 1.87, p=0.006; 3-year OS: 95.6 vs.
92.6%) and SCLC (OR: 1.04, p =0.942; 60.7 vs. 42.8%). Hetero-
geneity was not significant in the pooled analyses of OS for
patients with NSCLC, SCLC, and prostate cancer but was significant
in the pooled analyses of OS for those with colorectal cancer.
Similar results were obtained for the pooled analyses of PFS; the
benefit of LCT was higher for patients with NSCLC (OR: 3.28, p <
0.001; pooled 2-year PFS: 28.9 vs. 8.6%) and colorectal cancer (OR:
4.69, p = 0.055; 2-year PFS: 35.7 vs. 10.5%) and was lower for those
with prostate cancer (OR: 236, p=0.019, 2-year PFS: 82.7 vs.
61.7%) and SCLC (OR: 1.65, p = 0.376; 1-year PFS: 30.9 vs. 16.6%).
Heterogeneity was not significant in the pooled analyses of PFS
for patients with SCLC but was significant for those with NSCLC
and those with prostate and colorectal cancers. Detailed results
according to the disease type are shown in Tables 3 and 4.

Complications

Twelve of 31 studies (38.7%) involving 2176 patients contained
the data of complications related to treatment modalities. Palma
et al.* reported three grade 5 cases (4.5%) possibly related to
SBRT, whereas Gore et al.>> reported a significantly higher rate of
grade 3 toxicity (24.8 vs. 9.5%) in the LCT arm (with one patient
developing grade 5 toxicity). Ruo et al*® reported a serious
postoperative morbidity rate of 20.5%, with two patients
developing grade 5 complications within 30 days of elective
colorectal surgery. Ni et al*' reported that 9.3% of patients
needed chest tube insertion, while no serious toxicities were
reported in the control arm. Otherwise, no significant additional
toxicities due to LCTs were reported in eight studies in which LCT
consisted mainly of radiotherapy (Table 5).

DISCUSSION

The concept of oligometastases has attracted significant interest as
a potentially curative opportunity for patients whose diseases
were deemed intractable. Molecular studies that aim to identify
disease-specific biomarkers or gene profiles to identify oligome-
tastases have shown promising results***3; however, external or
internal validation was lacking or unsuccessful'®. Clinical data
reported to date are heterogeneous, making it difficult for
physicians to decide whether or not to administer LCTs. Currently,
decisions regarding the application of LCTs are made depending
on single-arm studies that demonstrated favorable survival
outcomes in select patients. However, complications arising from
LCTs, the possibility of missed occult metastases, and the
distribution of medical resources are issues for consideration®®.,
In the present meta-analysis, LCT was beneficial in terms of OS;
the pooled results from all studies (OR: 3.04, p<0.001) and
balanced studies (i.e., those without significant differences in
major clinical indicators; OR: 2.56, p < 0.001) were significant, with
a high degree of heterogeneity. Possible publication biases were
noted, and the trimmed value after sensitivity analysis was lower
than the original value (OR: 2.32). The OR was also significant in
the pooled analysis of RCTs (OR: 1.41, p=0.041), with a low
degree of heterogeneity, but it was lower in magnitude than the
ORs of total and balanced studies. The pooled results of PFS also
showed trends similar to those of OS. The significant results
obtained from the pooled analyses of RCTs with respect to both
OS and PFS support the application of LCT in oligometastatic
settings. However, the extent of this benefit might be smaller than
that derived from observational study findings, which mostly
showed favorable survival outcomes in select patients'®. The
significant heterogeneity and possible publication biases addi-
tionally indicate that selection biases might be present in the
literature, despite making efforts to balance both arms using
statistical tests. For example, patients in the LCT arm of 12 of
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22 studies (55%) with available information tended to have fewer
numbers of metastases, although the differences were not
significant.

Most of the clinical literature on oligometastases is disease
specific, and only a few studies have compared outcomes among
different cancer types. According to subgroup analyses based on
cancer types, the benefits of LCT and survival outcomes vary
among disease entities. The survival benefits of LCTs were the
most prominent for patients with NSCLC and colorectal cancer. Of
note, the benefit of LCTs in terms of OS and PFS in patients with
colorectal cancer showed borderline significance in the pooled
analyses (p = 0.066 and 0.055, respectively). However, considering
that all three colorectal cancer studies individually showed a
significant benefit in terms of OS or PF5****3% and given that the
long-term results of Ruers et al.’s study?® (in which the 5-year OS
rates were 43.1% and 30.3% and the 5-year PFS rates were 24.4%
and 5.9% in the LCT and non-LCT arms, respectively) were not
reflected in the analyses, the pooled results should not be
interpreted as nonsignificant. Although the benefit of LCT was
significant for patients with prostate cancer, its magnitude was
relatively small. Survival outcomes of patients with oligometastatic
prostate cancer were favorable regardless of the application of
LCTs, suggesting that prostate cancer has a less aggressive tumor
biology than other cancer types**. The benefit of LCT was not
significant for patients with SCLC in terms of either OS or PFS (p =
0.942 and 0.376, respectively). This finding was consistent with the
conventional notion that SCLC behaves more like a systemic
disease and metastasizes early®.

Regarding complications, additional grade >3 toxicities with
LCTs were reported in four of 12 studies with available
information, including seven cases of grade 5 toxicities. Among
five studies of patients with lung cancer, two reported grade 5
toxicities®***> and two had higher rates of serious complications
after LCT*'. In the colorectal cancer study conducted by Ruo
et al>® bowel surgery resulted in additional complications,
including two cases of 30-day mortality and serious perioperative
morbidity (20.5%). In comparison, additional serious toxicities due
to LCTs were rarely reported in prostate cancer studies?3'3234,
Therefore, the application of LCTs for lung cancer, particularly in
terms of technical planning and patient selection, should be
performed with caution to minimize serious toxicities such as
pneumonitis or esophagitis. Bowel surgery should be performed
for patients whose clinical conditions allow it and in whom
resection is feasible. Administering LCTs for oligometastatic
prostate cancer was a relatively safe option. Because the adverse
effects and oncologic benefits resulting from LCTs are different for
each type of cancer, a tailored strategy for each patient is
necessary considering the risk-benefit balance of LCT for
oligometastatic diseases.

As observed in the included studies, the definition of
oligometastasis varies. Some studies allowed for <3 metastases,
some studies allowed for <5, and a few studies selected patients
based on the ability of LCT to cover the metastases. Given clinical
heterogeneities, it is difficult to set a clear cut-off number for
metastases for determining the benefit of LCTs, even though
clinical and biological differences are apparently present between
oligometastatic and polymetastatic statuses*®*’. Parker et al.3?
reported that LCT was beneficial only for patients with low
metastatic burdens (<3 metastases) and not for those with higher
metastatic burdens. In the same vein, our study revealed lower
ORs in the high metastatic burden subgroup than in the low
metastatic burden subgroup with a borderline significant differ-
ence (p = 0.054). Little is known about whether LCT that targets
the primary disease is as beneficial as that which targets all the
oligometastatic foci; other than for nephrectomy and metastatic
renal cell carcinomas, data regarding LCT benefit are mostly
preclinical or exploratory®®. Although the OS benefit was not
significantly different in subgroup comparisons, the PFS benefit
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(a)
Overall survival (all studies)
Study name 0Odds ratio and 95% CI
0dds Lower Upper
ratio limit limit
He 3.500 057521313 =
Sheu (1yr) 8.984 2.48132.529 —_—
Yano 4902 2.01311.937 —a—t
Frost 3732 1974 7.058 —-
Gomez 2.515 0.787 8.040 -+
Gray 3341 1160 9.628 L
Hu 3.734 2132 6.540 -
Song 6.627 1.33033.022 —
XuQ 2474 0857 7.141 ——
Ni 2430 0986 5986 ——
Shang (1yr)1.005 0.466 2.168 ——
Gore (1yr) 0.685 0.292 1.612 ——
Xu 2316 047611261 =
Steuber (5y7) 3.661 0.893 15.014
Parker 1730 1.080 2.771 -
Giessen 14.146 4.836 41.375 —t—
Ruer 1.027 0449 2348 ——
Ruo 5222 210812934 —a
Palma 1496 0.624 3583 -
ChenY 1761 1.127 2753 -
Depypere 6.000 0.532 67.649
Chen] 2.887 1.020 8.169 =
Pan (1yr) 6.412 2.46816.661 ———
Morino  21.635 6.11676.540 —t—
Schulz  9.480 1.089 82.555
Falk 3.066 1873 5.020 -
Pooledresults3.039 2.272 4.064 L 4
0.01 0.1 1 10 100
p (pooled analysis): <0.001
p (heterogeneity): <0.001, 12=62.1% (high) Favours control Favours LCT
Overall survival (balanced)
Study name 0dds ratio and 95% CI
0dds Lower Upper
ratio limit limit
Sheu (1yr) 8984 2481 32.529 —
Frost 3732 1974 7.058 -
Gomez 2515 0.787 8.040 ——
Hu 3734 2132 6540 -
Song 6627 1330 33.022 — —
Ni 2430 0986 5.986 i
Shang (1yr) 1.005 0.466 2.168 I
Gore(lyr) 0.685 0292 1.612
Xu 2316 0476 11.261
Steuber (5yr) 3.661 0.893 15.014
Parker 1730 1.080 2771 -
Ruer 1.027 0449 2348 _-l.-I_—
Palma 1496 0.624 3583
ChenY 1761 1127 2753 kg
Chen] 2887 1.020 8.169 —a—
Pan (lyr) 6412 2468 16.661 —.—
Morino 21635 6116 76.540 -
Pooledresults 2560 1.791 3.659 L 3
p (pooled analysis): <0.001 0oL 01 1 10 {100
Favours control Favours LCT

p (heterogeneity): <0.001,1>=66.5% (high)

Overall survival (RCTs)

Study name 0dds ratio and 95% CI

Odds Lower Upper
ratio limit limit
Gomez 2,515 0.787 8.040
Gore (1yr) 0.685 0.292 1.612
Parker 1730 1.080 2.771
Ruer 1.027 0.449 2348
Palma 1496 0.624 3.583
Pooledresults 1.406  1.015 1.949
0.01 0.1 1 10 100

Favours LCT

p (pooled analysis): 0.041
p (heterogeneity): 0.288,12=19.9% (low)

Favours control

(b)

Progression free survival (all studies)

Study name Oddsratioand 95% CI

0Odds Lower Upper
ratio limit limit

Iyengar (1yr) 3619 0.570 22979 -

Sheu (1yr) 3938 0924 16775 1

Frost 11178  4.849 25768

Gomez 2722 0612 12101

Hu 1.887 0853 4175 HE—

XuQ (1yr) 2636 0919 7562 —a—

Ni (1yr) 4679 1435 15261 —a1

Shang (1yr) 1630 0781 3.404 +H—

Gore (1yr) 1218 0440 3375 ——

Xu 4743 0514 43809 *

Bouman-Wammes (1yr) 8.850 2.556 30.640

Lan 2731 1194 6245 ——

Ost 1729 0615 4857 -+

Parker 1169 0864 1583 |

Tsumura 2917 0538 15828

Giessen 10615 4347 25923 ——

Ruer 2114 0925 4833 -

Palma 3193 1090 9351 ——

ChenY (1yr) 1359 0.886 2085 F-

Chen] (1yr) 10211 0.528197.396

Pooled results 2819 1960 4.055 I L 4

p (pooled analysis): <0.001 0.01 o1 E 10 100
Favours control FavoursLcT

p (heterogeneity): <0.001,12=67.6% (high)

Progression free survival (balanced)

Study name Oddsratioand 95% CI

0dds Lower Upper
ratio  limit limit

Iyengar (1yr) 3.619 0570 22979 -
Sheu (1yr) 3938 0924 16.775
Frost 11.178 4849 25768
Gomez 2722 0612 12101
Hu 1887 0.853 4175 Hl—
Ni (1yr) 4679 1435 15261 —E—
Shang (1yr) 1.630  0.781 3.404 -
Gore (1yr) 1218  0.440 3.375
Xu 4743 0514 43.809 —
Ost 1729 0615 4857
Parker 1169 0864  1.583
Ruer 2114 0925 4833
Palma 3.193  1.090 9.351 [——|
ChenY (1yr) 1.359 0.886 2.085
Chen] (1yr) 10.211 0.528 197.396
Pooled results 2.324  1.600 3.375 <
0.01 0.1 1 10 100
b (pooledanalysis): <0.001 Favourscontrol  FavoursLCT
p (heterogeneity): <0.001,12=61.0% (high)
Progression free survival (RCTs)
0dds ratio and 95% CI
0dds Lower Upper
ratio limit limit
Iyengar (1yr) 3.619 0.570 22.979
Gomez 2.722  0.612 12.101
Gore (1yr) 1218 0.440 3.375 -
Ost 1.729 0.615 4.857 e
Parker 1169 0.864 1.583 u
Ruer 2.114 0925 4.833 [
Palma 3193 1.090 9.351 P
Pooledresults 1.500 1.105 2.036 &

0.01 0.1 1 10 100

p (pooled analysis): 0.009 FavoursLCT

p (heterogeneity): 0.361, 12=8.9% (very low) Favaiis coiitrol

Fig. 2 Forest plots of pooled analyses of primary endpoints. a Overall survival in all (top), balanced (middle), and randomized controlled
trials (bottom) and b progression-free survival in all (top), balanced (middle), and randomized controlled trials (bottom). Cl.

differed among studies investigating primary diseases vs. those
examining metastases. Our hypothesis regarding this PFS benefit
is that LCTs covering metastatic lesions might have additional
oncologic benefits over systemic treatment and that the studies
that principally investigated primary tumors might have involved
more patients with uncontrolled primary disease than did the
other studies. The meta-analysis methodology is limited in its

npj Precision Oncology (2021) 2

ability to evaluate the causes of the aforementioned differences.
However, our results will aid in clinical decision-making in clinical
practice and will lead to hypotheses for future oligometastasis
research to identify differences among cancer types and define
LCT targets.

We included studies with multiple cancer types, which is not an
uncommon approach in investigations of LCTs for oligometastases .
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Table 4.

Pooled temporal analyses of numerical overall and progression-free survival.

Disease/ overall survival No. of studies

Overall survival

NSCLC

1-year OS 1
2-year OS 10
Colorectal

1-year OS 3
2-year OS 3
Prostate

3-year OS 2
SCLC

1-year OS 2
Progression-free survival

NSCLC

1-year PFS

2-year PFS 5
Colorectal

1-year PFS 2
2-year PFS 2
Prostate

1-year PFS 5
2-year PFS 5
SCLC

1-year PFS 2

No. of patients Pooled results, LCT vs. control
(95% confidence interval)

1112 85.0% (75.8-91.1) vs. 69.4 (54.4-81.1)
960 65.2% (55.5-73.7) vs. 37.0 (26.7-48.6)
602 88.1% (57.0-97.7) vs. 67.5% (37.7-87.7)
602 66.2% (22.4-93.0) vs. 33.2% (8.8-71.9)

1477 95.6% (47.1-99.8) vs. 92.6% (41.9-99.5)
130 60.7% (38.1-79.4) vs. 42.8 (14.7-76.4)
891 61.3% (48.7-72.6) vs. 35.7% (23.9-49.6)
636 28.9% (16.8-45.0) vs. 8.6% (5-14.5)
372 60.2% (50.2-69.4) vs. 29.5% (14.2-51.4)
372 35.7% (26.9-45.6) vs. 10.5% (2.5-34.7)

1095 82.7% (70.6-90.5) vs. 71.3% (44.3-88.5)

1095 61.7% (42.8-77.6) vs. 45.9% (24.7-68.6)
130 30.9% (17.2-49.2) vs. 16.6% (8.0-31.3)

progression-free survival.

LCT local consolidative treatment, NSCLC non-small cell lung cancer, OS overall survival, HCC hepatocellular carcinoma, SCLC small cell lung cancer, PFS

This might cause heterogeneity to some extent among studies that
affect the pooled analyses. However, this might also be a method to
test the hypothesis that many cancers share an intermediate
metastatic cascade called oligometastasis. In addition, this method
overcomes the limitation of the small number of studies available for
each specific cancer type. To improve the quality of our analyses and
results, we rigorously evaluated and interpreted heterogeneity based
on statistical methods and performed various subgroup analyses and
stepwise analyses according to the studies’ quality. Other limitations
include the small number of available studies involving patients with
diseases other than NSCLC, prostate cancer, and colorectal cancer, as
well as the methodological limitations of meta-analyses in that only
outcomes, but not causes, can be determined.

In conclusion, our study demonstrated the oncologic
benefits of LCTs in oligometastatic settings in terms of both
OS and PFS. Although benefits were also observed when
analyzing RCTs, their extent was smaller than that expected
from literature data that included observational studies. LCT
benefits were more prominent for oligometastases from
NSCLC and colorectal cancer. Additional grade >3 complica-
tions due to LCT were found in approximately one-third of
studies with available information. Patients with low meta-
static burdens can derive greater benefits from LCTs. There-
fore, appropriate LCTs should be selected carefully considering
patients’ clinical conditions and disease types. Future research
is warranted to identify the oligometastatic conditions in
which LCTs are most likely to provide benefit and to
investigate the underlying biology of oligometastases with
respect to the benefits of LCT.

npj Precision Oncology (2021) 2

METHODS
Study protocol

Our study adhered to the Preferred Reporting ltems for Systematic Reviews
and Meta-Analysis guidelines. The meta-analysis was designed to answer
the following PICO question: “Does LCT confer an oncologic benefit for
patients with oligometastases?” By implication, the response to this
question would demonstrate whether a clinically meaningful “oligometa-
static” status exists. LCT was defined as any local treatment targeted
toward metastases and/or remnant primary disease in an oligometastatic
setting. PubMed, MEDLINE, EMBASE, and Cochrane library were system-
atically searched by two independent reviewers for articles published up to
March 4, 2020. The following search terms were used with no language
restrictions: (oligometastasis OR oligometastases OR oligometastatic OR
“limited metastatic” OR “limited metastasis” OR “limited metastases”) AND
survival AND (randomized OR randomized OR versus OR comparison OR
compare OR controlled). The reference lists of the extracted articles were
also searched. Details of the searching strategy are shown in Supplemen-
tary Note 1. We compared the data of the LCT and control arms in the
retrieved published studies; studies published before 2000 were excluded
to avoid introducing potential bias from outdated treatments. Online
registration of the protocol was not performed.

Selection criteria

The inclusion criteria were as follows: (1) controlled trials (including both
randomized and non-randomized) involving patients with oligometastases
that compared the outcomes of those who underwent LCT with the
outcomes of those in the control group, (2) >10 patients in each arm, (3) at
least one primary endpoint provided, and (4) oligometastases defined as
<5 metastases or as metastases that could definitely be encompassed and
treated with LCT. The primary endpoints were OS and PFS. Grade >3
complications related to LCTs were assessed subjectively. For multiple
studies published from a single institution, only those with a larger number
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Table 5. Assessment of complications.
First author, target Modality of LCT n  Control n  Grade 23 toxicity
disease
lyengar, SBRT and CTx 14 CTx 15 A total of 7 (50%) and 9 (60%) cases for LCT and
NSCLC control, respectively; no G5 toxicity
Gomez, RT or surgery and standard maintenance 25 Standard maintenance 24 Two cases with G3 esophagitis in LCT;
NSCLC 1 G3 fatigue and 1 G3 anemia in control
Ni, TKI and MWA 34 TKI 52 Four (9.3%) of the MWA group needed chest
NSCLC tube drainage; no grade >3 toxicity
related to TKI
Shang, RT or RFA and/or CTx 105 CTx or BSC 47 Overall: 24.8 vs. 21.2%
NSCLC (m/c Cx.: myelosuppression)
(postop) 1 case (0.9%) of grade 5 (infection) in LCT arm
Gore, PCl and cRT (45 Gy/15 F) 44 PCl 42 Overall: 25% vs. 9.5%; 1 case of grade 5
SCLC pneumonitis in LCT arm
Bouman-Wammes, SBRT (mostly 30 Gy/3 F or 35 Gy/7 F) 43 Active surveillance 20 No SBRT-related toxicity
prostate
Ost, SBRT (81%) or resection 31 Active surveillance 31 No grade 22 toxicity in LCT arm
prostate
Parker, RT and ADT 410 ADT 409 No data in low metastatic burden subgroup;
prostate (4 vs. 1% for whole population)
Tsumura, RT to metastases, 22 Prostate brachytherapy 18 No difference in grade >2 toxicity
prostate prostate brachytherapy and HTx and HTx
Ruo, Bowel surgery and CTx 127 CTx (83.5%) 103 30-day operative mortality: 2 cases (1.6%);
colorectal perioperative morbidity (20.5%)
Palma, SBRT and/or standard CTx 66 CTx 33 Higher rate in LCT (10.6% vs. 3%); 3 grade 5
multiple cases due to SBRT
Chen Y, CCRT (IMRT, 50 Gy/25 F to primary; 196 CTx 265 No significant difference between arms
esophagus 45 Gy/15 F to metastases; cisplatin/
paclitaxel)
LCT local consolidation therapy, NSCLC non-small cell lung cancer, SBRT stereotactic body radiotherapy, CTx chemotherapy, RT radiotherapy, TKI tyrosine kinase
inhibitor, MWA microwave ablation, BSC best supportive care, PCl prophylactic cranial irradiation, SCLC small cell lung cancer, cRT chest radiotherapy, ADT
androgen deprivation therapy, HTx hormone therapy, OP operation, CCRT concurrent chemoradiation, IMRT intensity-modulated radiotherapy.

of patients and no (or negligible) overlapping patient pools were included.
Duplicate studies and those with irrelevant formats (e.g., reviews, editorials,
letters, or case reports) were automatically filtered. Full-text reviews were
performed to identify studies that fulfilled the inclusion criteria.

Data extraction and quality assessment

Data were extracted using a pre-standardized form; PFS and OS data were
estimated from descriptive graphs in the absence of numerical reports.
Quality assessment was performed using the Newcastle-Ottawa Scale™ for
cohort studies. Among the three scale domains (“selection” [four points],
“comparability” [two points], and “outcome” [three points]), the difference
in scores among the studies was mostly due to “comparability.” To avoid
subjectivity, we defined the rationale for evaluating comparability based
on discussion between clinical oncologists and a biostatistician on the
following topics: (1) RCTs were assigned a full score (two points) unless
they had serious clinical differences between the comparison arms or flaws
in their study designs; (2) statistically matched cohorts (e.g., propensity
score matching) or cohorts without significant differences in major clinical
indicators were assigned one point; and (3) those with no statistical
comparisons or no possibility of clinically significant differences between
arms were allotted zero points. Major clinical indicators included the
number of metastases, performance status, age, T stage, N stage, prostate-
specific antigen (for prostate cancer), and primary disease control; the
locations of the metastases were not considered. Studies that scored eight
points or higher were considered to have high quality and balanced, while
those with six or seven points were considered to have medium quality;
lower scores were indicative of low quality.

Statistical analyses

Pooled analyses of primary endpoints were performed (considering the
study quality) in a stepwise-hierarchical manner. Overall analysis of all the
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studies was first performed; next, pooled analyses of balanced studies
(eight points or higher on the Newcastle-Ottawa scale) were performed,
followed by pooled analyses of the RCTs alone. Considering the varying
study designs, treatment modalities, and clinical characteristics, the
random-effects model was used for the first two analyses. While the
fixed-effects model was used for the pooled analyses of RCTs. The 2-year
OS and PFS rates were evaluated in pooled analysis: the 1-year rate was
considered when the survival interval was too short or the 2-year rate
neared 0% (e.g., patients with SCLC and HCC); the 3- or 5-year rates were
considered if the survival rates were too high at 1 or 2 years (e.g., patients
with prostate cancer). Pooled analyses of studies were also performed after
categorizing them according to specific malignancies, LCT target (primary
tumor vs. metastatic distant lesion), and metastatic burden using a
random-effects model. Studies that enrolled >80% of patients with a single
metastasis or those that included patients with <3 metastases were
categorized as low-burden studies; otherwise, they were considered as
high-burden (e.g., studies that enrolled patients with <5 metastasis were
considered as high-burden studies). Heterogeneities were assessed using
Cochran Q°° and ? statistics®'. Significant heterogeneity was considered to
exist at p values <0.1 and /* values =50%. The degree of heterogeneity was
evaluated using the /* values: 0-25% was considered indicative of low
heterogeneity; 26-50%, moderate; 51-75%, high; and >=76%, very high. ?
values <10% with p values <0.05 together indicated very low hetero-
geneity. Publication bias was evaluated using funnel plots and quantita-
tively using Egger's test®2. If a significant possibility of bias was detected
(two-tailed p < 0.1)*2, Duval and Tweedie's trim and fill method>* was used
for sensitivity analysis. Pooled temporal analyses of numerical OS and PFS
rates according to the cancer type were performed using the Q test based
on analysis of variance. Publication bias assessment was performed only
for pooled analyses that included =10 studies. All statistical analyses were
performed using Comprehensive Meta-Analysis software, version 3 (Biostat
Inc., Englewood, NJ, USA).
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Ethical consideration

Ethical approval was not required because this study retrieved and
synthesized using only previously published data.

Reporting summary

Further information on research design is available in the Nature Research
Reporting Summary linked to this article.
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