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Background and Purpose: This study aimed to investigate the efficacy and safety of 
maintenance therapy combined with local radiotherapy at all oligometastatic sites (LRTOS) 
in elderly patients with metachronous oligometastatic cancers (MOC).
Patients and Methods: A total of 242 elderly patients with MOC (≤5 metastases) and 
primary tumor well controlled after definitive treatment was retrospectively analyzed 
between August 2014 and February 2020 at Beijing Geriatric Hospital and Air Force 
General Hospital. Patients were divided into maintenance therapy group (maintenance 
therapy alone) and local radiotherapy group (maintenance therapy combined with LRTOS).
Results: There were 86 patients in the local radiotherapy group and 156 patients in the main-
tenance therapy group. The median length of follow-up was 36 months (range, 8.0–62 months). 
Median overall survival (mOS) was 25 months (95% CI: 21.1–28.9) in the local radiotherapy group 
and 16 months (95% CI: 14.5–17.6) in the maintenance therapy group (p < 0.001). Multivariate 
analyses demonstrated that LRTOS (hazard ratio (HR) = 0.49, 95% confidence interval (CI): 0.35– 
0.67, p < 0.001), good Eastern Cooperative Oncology Group Performance Status (ECOG PS, HR = 
0.69, 95% CI: 0.49–0.97, p = 0.032), longer duration between diagnosis of primary tumor and 
occurrence of progression (HR = 0.87, 95% CI: 0.78–0.97, p = 0.015), and subsequent systemic 
treatment (HR = 0.52, 95% CI: 0.38–0.72, p < 0.001) were independent predictors of good OS. In 
patients who did not receive subsequent systemic treatment, their mOS was 21 months (95% CI: 
12.8–29.2) for those treated with LRTOS and 14 months (95% CI: 11.4–16.6) for those who did not 
receive local radiotherapy (p = 0.001). Further multivariate analysis showed that LRTOS was the 
only independent factor for predicting good OS (HR = 0.47, 95% CI: 0.26–0.83, p = 0.010). Patients 
with metachronous oligometastatic lung cancer, colorectal cancer, prostate cancer, and breast cancer 
had higher survival benefits following LRTOS. Most patients suffered from grade 1–2 toxicities, but 
no treatment-related death was recorded.
Conclusion: This retrospective study shows that elderly patients with MOC treated with 
LRTOS may have better survival outcomes.
Keywords: elderly patients, local radiotherapy, metachronous oligometastatic cancers, 
residual disease

Introduction
The prognosis of elderly patients with metastatic tumors is highly heterogeneous.1,2 

These patients are less likely to receive guideline-recommended standard systemic 
treatment, and this may explain the poor prognosis.3 Local radiotherapy is applied 
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as a palliative treatment for elderly patients with metastatic 
tumors to alleviate symptoms or prevent complications. 
However, factors such as underlying diseases, organ func-
tion decline, decreased self-repair ability, and geriatric 
syndrome reduce the efficacy of treatments for metastatic 
tumors in elderly patients.4

In 1995, Hellman and Weichselbaum5 first proposed 
the concept of “oligometastatic disease” as an intermediate 
state of cancer spread between localized disease and wide-
spread metastases. Currently, oligometastases are defined 
as the presence of 3–5 metastases,6 and oligometastatic 
disease is classified into synchronous state (maximum six- 
month interval between primary tumor diagnosis and 
appearance of metastases) and metachronous state (more 
than six-month interval between primary tumor diagnosis 
and appearance of metastases).7–10 Several high-quality 
randomized controlled studies have shown that radical 
local therapy for primary tumor and all metastases can 
significantly improve the prognosis of patients with syn-
chronous oligometastatic cancer.11–13 However, other 
reports have indicated that synchronous and metachronous 
states are two distinct diseases with different clinical beha-
vior and prognosis.14–16 Palma et al17 reported that appli-
cation of stereotactic ablative radiotherapy combined with 
standard-of-care systemic therapy in patients with meta-
chronous oligometastatic cancer with controlled primary 
tumor improved the overall survival.

Herein, we retrospectively analyzed the efficacy and 
safety of maintenance therapy combined with local radio-
therapy at all oligometastatic sites (LRTOS) in elderly 
patients with metachronous oligometastatic cancers (MOC).

Patients and Methods
Patients
A total of 242 elderly patients diagnosed with MOC at 
Beijing Geriatric Hospital and Air Force General Hospital 
between August 2014 and February 2020 were retrospec-
tively analyzed. The inclusion criteria were patients aged 
≥65 years, with an Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) score of ≤2, histologically 
diagnosed with primary tumor, the interval duration from 
the initial diagnosis to metastasis ≥6 months, MOC (≤5 
metastases) confirmed by comprehensive imaging exami-
nation (including brain magnetic resonance imaging (MRI) 
+ whole-body positron emission tomography-computed 
tomography (PET-CT) or brain MRI + thoracic/abdom-
inal/pelvic CT, and bone scan), and with the number of 

lesions per organ ≤3. In all patients, no surgery, palliative 
radiotherapy, or radiofrequency ablation were performed 
to treat metastatic lesions, and the tumor boundary was 
clear. The definition and classification of metachronous 
oligometastatic disease was carried out in line with the 
European Society for Radiotherapy and Oncology and the 
European Organization for the Research and Treatment of 
Cancer (ESTRO-EORTC) consensus recommendation.10 

For patients in which the diagnosis of metastases was not 
clear, a biopsy was carried out. All patients received 
definitive treatment which successfully controlled the pri-
mary tumors. Patients with pulmonary failure, cardiac fail-
ure, hepatic failure, renal failure, and hematologic tumor 
were excluded from the analysis.

Maintenance therapy consisted of systemic therapy 
(chemotherapy, molecular targeted therapy, immunother-
apy, and endocrine therapy) and palliative symptomatic 
supportive treatment. Local radiotherapy techniques 
included three-dimensional conformal radiotherapy 
(3DCRT), intensity-modulated radiation therapy (IMRT), 
stereotactic body radiotherapy (SBRT), and stereotactic 
radiosurgery (SRS). Patients who received maintenance 
therapy alone were assigned into the maintenance therapy 
group, whereas those who received maintenance therapy 
combined with LRTOS were assigned into the local radio-
therapy group.

The primary endpoint was OS, defined as the time from 
diagnosis of metastatic disease to the date of death. The 
study was conducted in line with the Declaration of 
Helsinki, as revised in 2013, and was approved by the 
Ethics Committee of Beijing Geriatric Hospital. Patients 
were included in this study only after obtaining written 
informed consent. All patients were followed up by tele-
phone or during clinical visits.

Local Radiotherapy
In the local radiotherapy group, all patients were compre-
hensively examined before application of radiotherapy at 
all oligometastatic sites. Several factors such as age, car-
diopulmonary function, underlying diseases, risk of patho-
logical fractures, nutritional status, central nervous system 
symptoms, and risk–benefit ratio were assessed. For some 
patients, consultation with the relevant departments does 
not occur simultaneously. Radiation oncologists deter-
mined the local radiotherapy regimen based on the general 
patient condition, tumor location, size, boundary, pulmon-
ary function, bone marrow, and hepatic and renal function.
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The radiotherapy regimen adopted was 40–70 Gy in 
20–35 fractions, hypofractionated radiotherapy of 60–70 
Gy in 15 fractions (the biologically effective dose (BED10) 
was 84–103 Gy using the linear-quadratic model with α/β 
= 10 Gy), SBRT was 120–140 Gy (BED10), and SRS was 
50% isodose line 22 Gy in 1 fraction (the head gamma 
knife). Isolated brain metastases up to 4.5 cm in size were 
treated with SRS. Lung metastases were treated with con-
ventional fractionated radiotherapy if the tumor was near 
the esophagus. Conventional radiotherapy plus whole- 
brain radiation therapy (WBRT) were applied to three 
brain metastases (50 Gy in 20 fractions plus WBRT 40 
Gy in 20 fractions or WBRT 30 Gy in 10 fractions alone). 
Conventional fractionated radiotherapy was applied for 
metastasis to superficial lymph nodes. For patients at risk 
of vertebral fracture (as determined by an orthopedic sur-
geon), such vertebrae were fixed before local radiotherapy.

Toxicity Assessment
Acute and long-term toxicity were graded before and after 
90 days following treatment according to the National 
Cancer Institute (NCI) common terminology criteria for 
adverse events (CTCAE) version 5. Systemic therapy- 
related acute toxicities included skin rash, diarrhea, nau-
sea, leukopenia, fatigue, vomiting, and hepatic function 
impairment. The radiotherapy-related acute toxicities 
examined included, pneumonia, fatigue, thrombocytope-
nia, anemia, leukopenia, dermatitis, and esophagitis. For 
each type of toxicity, the patient was scored according to 
the highest grade of toxicity. The toxicity information for 
hospitalist patients was obtained from hospital records. 
Toxicity information for non-hospitalized patients was 
obtained from outpatient data records or through telephone 
follow-ups.

Statistical Analysis
All statistical analyses were performed using IBM SPSS 
software version 25 (SPSS Inc., Chicago, IL, USA) and 
GraphPad Prism 7 version 7.04 (GraphPad Software, Inc., 
La Jolla, California, USA). Descriptive data with normal 
distribution were expressed as mean ± standard deviation 
(SD). Variables with skewed distribution were presented as 
the median and interquartile range (IQR). Frequency dis-
tributions and percentages were used to describe categori-
cal variables. Kaplan–Meier analysis and the Log rank test 
were used to analyze survival curves. Univariable and 
multivariable analyses were conducted using the Cox pro-
portional hazard model to assess possible prognostic 

factors and calculate survival hazard ratios (HRs) with 
95% confidence interval (95% CI) for OS. Variables 
found to be significant in univariate analysis (p < 0.05) 
were incorporated into multivariate Cox regression analy-
sis to determine independent prognostic factors. This mul-
tivariate analysis was carried out using the backward step 
method. A two-sided p-value of <0.05 was considered 
statistically significant in all tests.

Result
Patient Characteristics
Patient inclusion and exclusion criteria are shown in 
Figure 1. Overall, 35.5% (n = 86) received LRTOS (local 
radiotherapy group) and 64.5% (n = 156) received main-
tenance therapy only (maintenance therapy group). The 
median age was 70 years, with 24.4% (n = 59) of patients 
being older than 75 years. The male-to-female ratio was 
1.74:1 (139 male patients, 103 female patients). Most 
patients had a junior high school education level or 
below (n = 226, 93.4%). The distribution of patients 
according to the site of original primary tumor was as 
follows: colorectal cancer (n = 60, 24.8%), breast cancer 
(n = 53, 21.9%), prostate cancer (n = 52, 21.5%), lung 
cancer (n = 51, 21.1%), cervical cancer (n = 18.7, 40%), 
and other cancers (n = 8, 3.30%). The median time from 
diagnosis of the primary tumor to progression was 2.5 
years. The distribution of patients according to oligome-
tastasis was as follows: bone (n = 133, 55%), lung (n = 79, 
32.6%), brain (n = 56, 23.1%), liver (n = 56, 23.1%), 
adrenal (n = 13, 5.40%), and non-region lymph nodes (n 
= 16, 6.6%). Ten patients performed pathological biopsy at 
oligometastatic sites when the diagnosis was not clear 
(non-regional lymph nodes, n = 7; lung, n = 1; adrenal, 
n = 1; and liver, n = 1). Most patients (68.2%, n = 165) 
received subsequent systemic treatment (chemotherapy, 
n = 65, molecular targeted therapy, n = 38, endocrine 
therapy, n = 40, and immunotherapy = 22). The number 
of metastases was 1–2 (n = 145, 59.9%) and 3–5 (n = 97, 
40.1%) and the number of underlying diseases was 0–1 (n 
= 103, 42.6%), 2–3 (n = 127, 52.5%), and 4–5 (n = 12, 
5.0%). The distribution of TNM stage was as follows: 
stage I (n = 17, 7.0%), stage II (n = 84, 34.7%), and 
stage III (n = 141, 58.3%). Approximately 70% (n = 
170) of patients underwent PET-CT examination. Patient 
and disease characteristics of the two cohorts are summar-
ized in Table 1.
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In the local radiotherapy group, 8 patients with solitary 
brain metastases were treated with 22 Gy in 1 fraction, 9 
patients received WBRT, 7 patients with non-vertebral 
metastases received 60 Gy in 20 fractions (rib, n = 2; 
sternum, n = 2; humerus, n = 1; ilium, n = 1; and pubic, 
n = 1), 2 patients with a high risk of vertebral compression 
fracture underwent surgical fixation followed by local 
radiotherapy, 18 patients received SBRT for lung metas-
tases (BED10 > 100 Gy) (central type, n = 5; peripheral 
type, n = 13), 8 patients received body gamma knife to 
liver metastases (diameter ≤3.5 cm, n = 6; diameter 
>3.5cm, n = 2), 5 patients received SBRT for adrenal 

metastases, and 4 patients received conventional radiother-
apy for non-region lymph nodes metastases. Local radio-
therapy regimens applied are shown in Table 2.

Survival Outcomes
The median length of follow-up was 36 months (range, 8.0– 
62 months). The median overall survival (mOS) was 18 
months (95% CI: 16.3–19.7) for the entire cohort, 25 months 
(95% CI: 21.1–28.9) for the local radiotherapy group, and 16 
months (95% CI: 14.5–17.6) for the maintenance therapy 
group (p < 0.001, Figure 2). In the subgroup of patients 
without subsequent systemic treatment, the mOS was 21 

Figure 1 A flowchart of the study. 
Abbreviation: ECOG PS, Eastern Cooperative Oncology Group Performance Status.
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months (95% CI: 12.8–29.2) for patients treated with 
LRTOS and 14 months (95% CI: 11.4–16.6) for those trea-
ted without local radiotherapy (p = 0.001, Figure 3).

Univariate and Multivariate Analyses of 
OS
In the univariate analysis, LRTOS (HR = 0.45, 95% CI: 
0.35–0.61, p < 0.001), good ECOG PS (HR = 0.53, 95% 
CI: 0.40–0.70, p < 0.001), earlier diagnosis of TNM stage 
(p = 0.047), longer interval from diagnosis of primary 
tumor to progression (HR = 0.83, 95% CI: 0.76–0.92, 
p < 0.001), subsequent systemic treatment (HR = 0.56, 
95% CI: 0.41–0.77, p < 0.001), and 1–2 metastases (HR = 
0.67, 95% CI: 0.51–0.89, p = 0.006) were associated with 
a better OS (Table 3, Figure 4).

Table 1 Patient Characteristics of Elderly Patients with 
Metachronous Oligometastatic Cancers

Maintenance 
Therapy 
(n=156)

Local 
Radiotherapy 
(n=86)

Characteristics No. (%) No. (%)
Gender

Male 88 (56.4%) 51 (59.3%)

Female 68 (43.6%) 35 (40.7%)
Age 70 (67–76) 69 (66–72)

EOCG performance status
0–1 92 (59.0%) 62 (72.1%)

2 64 (41.0%) 24 (27.9%)

Smoking status
Nonsmoker 80 (51.3%) 36 (41.9%)

Present or former smoker 76 (48.7%) 50 (58.1%)

Educational degree
Elementary school 51 (32.7%) 19 (22.1%)

Junior or senior high 

school

96 (61.5%) 60 (69.8%)

Undergraduate 9 (5.80%) 7 (8.10%)

Underlying disease

Hypertension 72 (46.2%) 38 (44.2%)
Diabetes 52 (33.3%) 25 (29.1%)

Coronary heart disease 63 (40.4%) 27 (31.4%)

COPD 31 (19.9%) 27 (31.4%)
Atrial fibrillation 58 (37.4%) 29 (33.7%)

No. of underlying disease

0–1 70 (44.9%) 33 (38.4%)
2–3 76 (48.7%) 51 (59.3%)

4–5 10 (6.40%) 2 (2.30%)

Site of original primary 
tumor

Lung 28 (17.9%) 23 (26.7%)

Colorectal 44 (28.2%) 16 (18.6%)
Prostate 34 (21.8%) 18 (20.9%)

Breast 35 (22.4%) 18 (20.9%)

Cervical 10 (6.40%) 8 (9.30%)
Other* 5 (3.20%) 3 (3.50%)

Diagnosis of TNM stage

I 6 (3.80%) 11 (12.8%)
II 51 (32.7%) 33 (38.4%)

III 99 (63.5%) 42 (48.8%)

Time from diagnosis of 
primary tumor to 

progression

2.3 (1.3–3.6) 2.7(1.7–4.1)

Metastasis location
Brain

No 123 (78.8%) 63 (73.3%)

Yes 33 (21.2%) 23 (26.7%)
Bone

No 70 (44.9%) 39 (45.3%)

Yes 86 (55.1%) 47 (54.7%)

(Continued)

Table 1 (Continued). 

Maintenance 
Therapy 
(n=156)

Local 
Radiotherapy 
(n=86)

Lung
No 108 (69.2%) 55 (64.0%)

Yes 48 (30.8%) 31 (36.0%)

Adrenal
No 150 (96.2%) 79 (91.9%)

Yes 6 (3.80%) 7 (8.10%)

Liver
No 118 (75.6%) 68 (79.1%)

Yes 38 (24.4%) 18 (20.9%)

Non-region lymph nodes
No 144 (92.3%) 82 (95.3%)

Yes 12 (7.70%) 4 (4.70%)

No. of metastases
1–2 88 (56.4%) 57 (66.3%)

3–5 68 (43.6%) 29 (33.7%)

Subsequent systemic 
treatment

No 47 (30.1%) 30 (34.9%)

Yes 109 (69.9%) 56 (65.1%)
PET-CT

No 48 (30.8%) 24 (27.9%)

Yes 108 (69.2%) 62 (72.1%)
Biopsies at oligometastatic 

sites

No 149 (95.5%) 83 (96.5%)
Yes 7 (4.50%) 3 (3.50%)

Notes: *=Larynx (n=2), Pancreatic (n=3), Stomach (n=2), Liver (n=1). 
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; COPD, Chronic Obstructive Pulmonary Disease; PET-CT, Positron Emission 
Tomography Computed Tomography.
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Multivariate Cox regression analysis indicated that 
LRTOS (HR = 0.49, 95% CI: 0.35–0.67, p < 0.001), 
good ECOG PS (HR = 0.69, 95% CI: 0.49–0.97, p = 
0.032), longer interval from diagnosis of primary tumor 
to progression (HR = 0.87, 95% CI: 0.78–0.97, p = 0.015), 
and subsequent systemic treatment (HR = 0.52, 95% CI: 
0.38–0.72, p < 0.001) were independent prognostic factors 
for better OS (Table 3, Figure 5).

To further identify patient subgroups that might benefit 
from LRTOS, patients were subdivided based on the type 
of the primary tumor. The mOS rates were significantly 
improved following application of LRTOS for lung cancer 
(22 vs 15 months, HR = 0.34, 95% CI: 0.15–0.75, p = 
0.006), colorectal cancer (20 vs 14 months, HR = 0.22, 

95% CI: 0.10–0.49, p < 0.001), prostate cancer (42 vs 25 
months, HR = 0.22, 95% CI: 0.16–0.65, p = 0.002), and 
breast cancer (31 vs 18 months, HR = 0.26, 95% CI: 0.12– 
0.55, p < 0.001) (Figure 6).

Univariate analysis of OS for patients without subse-
quent systemic treatment revealed that LRTOS (HR = 
0.42, 95% CI: 0.24–0.73, p < 0.001) and good ECOG PS 
(HR = 0.54, 95% CI: 0.32–0.90, p = 0.018) correlated with 
better OS. Further multivariate analysis showed that 
LRTOS was the only independent prognostic factor for 
better OS (HR = 0.47, 95% CI: 0.26–0.83, p = 0.010) 
(Table 4).

Toxicity
The most common adverse reactions were fatigue, leuko-
penia, radiation-induced pneumonitis, thrombocytopenia, 
and esophagitis. Majority of patients experienced grade 
1–2 toxicities, and no treatment-related death was 
recorded. Grade 3 radiation-induced pneumonitis (n = 3, 
3.5%) was found in two patients treated with palivizumab, 
and in one patient with severe chronic obstructive pulmon-
ary disease. Grade 3 leukopenia (n = 1, 1.2%) only 
occurred in one patient who received carboplatin-based 
chemotherapy. Grade 2 pulmonary fibrosis only occurred 
in patients treated with a body gamma knife (70% isodose 
line 70 Gy/10f), as shown in Table 5.

Discussion
Generally, maintaining or improving the quality of life is 
often the primary goal of treatment decisions for elderly 
patients with metastatic diseases, whereas prolonging sur-
vival is the second.18 Despite the remarkable advances of 
modern antitumor drugs, the occurrence of drug resistance 
often leads to failure of treatment in patients with meta-
static tumors. Meanwhile, many elderly patients cannot 
receive guideline-recommended intensive curative treat-
ment due to an unacceptable risk of treatment-related 
adverse effects; besides, the patients refuse any recom-
mended systemic therapy.19 In the present study, median 
age of the patients was 70 years and 57.4% of patients had 
two or more chronic conditions. Further, 13% of the 
patients underwent guideline-recommended intensive sys-
temic treatment and 77 patients only received palliative 
symptomatic supportive treatment. Palliative radiotherapy 
is an effective and safe treatment modality for elderly 
patients with metastatic diseases, relieving pain symptoms. 
However, the treatment modality for patients with meta-
static diseases dramatically changed with inception of the 

Table 2 Local Radiotherapy for All Oligometastatic Sites 
Regimen

Sites of Disease/Treatment 
Regimen

Patients No. of Patients 
(%)

Brain 23

Dt 50% Isodose line 22Gy/1 f* 8 34.8%
Dt 60Gy/20 f 6 26.1%

Dt 50Gy/20 f+WBRT(40Gy/20f) 4 17.4%

Dt 30Gy/10f (WBRT) 5 21.7%
Bone 47

Dt 30Gy/10 f 12 25.5%
Dt 40Gy/20 f 28 59.6%

Dt 60Gy/30 f 7 14.9%

Lung 31
Dt 70% Isodose line 70–78Gy/ 

10–14f#
10 32.2%

Dt 70Gy/15 f 8 25.8%
Dt 70Gy/30 f 1 3.2%

Dt 60Gy/20 f 7 22.6%

Dt 60Gy/25 f 5 16.2%
Liver 18

Dt 70% Isodose line 70–78Gy/ 

10–14f#
8 44.5%

Dt 65Gy/20 f 2 11.1%

Dt 60Gy/15 f 2 11.1%

Dt 45Gy/15 f 6 33.3%
Adrenal 7

Dt 70% Isodose line 70Gy/10f 4 57.1%

Dt 70Gy/15 f 1 14.3%
Dt 60Gy/20 f 1 14.3%

Dt 45Gy/15 f 1 14.3%

Non-region lymph nodes 4
Dt 70Gy/35 f 1 25.0%

Dt 60Gy/30 f 2 50.0%

Dt 50Gy/25 f 1 25.0%

Notes: *The Head Gamma Knife; #The Body Gamma Knife. 
Abbreviations: Dt, Dose of Target; WBRT, Whole-Brain Radiation Therapy.
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new concept of “oligometastatic disease”.7,13,17 Results of 
the current study showed that group treated with the local 
radiotherapy had better survival as compared with the 
maintenance therapy. Similarly, those treated with 
LRTOS had a significantly prolonged mOS in the sub-
group of patients without subsequent systemic treatment 

as compared to patients treated without local radiotherapy 
(21 vs 14 months, p = 0.001).

The ideal approach to treating oligometastatic disease 
remains controversial, and synchronous as well as meta-
chronous oligometastatic diseases show different prog-
noses. Gomez et al20 conducted the first multicenter, 

Figure 2 Overall survival of patients in the local radiotherapy and maintenance therapy groups.

Figure 3 Overall survival of patients who received local radiotherapy at all oligometastatic sites and those who did not receive subsequent systemic treatment.
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randomized controlled trial in 49 patients with synchro-
nous oligometastatic non-small-cell lung cancer without 
progression after first-line systemic therapy. Results of 
the study showed that local consolidative therapy (radio-
therapy or resection of all lesions) significantly improved 
progression-free survival (PFS) as compared with main-
tenance therapy alone (11.9 vs 3.9 months, p = 0.0054). 
However, the endpoint of this study was PFS.

A separate study13 analyzed longer-term OS rates and 
found that local consolidative therapy significantly pro-
longed the OS as compared with maintenance therapy or 
observation (41.2 vs 18.9 months, p = 0.017). The 
described results demonstrated that definitive local therapy 
for all oligometastatic sites can delay disease progression 
and translate into a survival benefit in patients with syn-
chronous oligometastases. According to Palma et al,17 

patients with MOC (breast, lung, colorectal, and prostate 
cancer) and having controlled primary tumors could 

benefit from stereotactic body radiotherapy to all oligome-
tastatic sites as compared with the standard of care pallia-
tive treatment (41 vs 28 months, p = 0.009). Elsewhere, Li 
et al21 reported that radiotherapy is a feasible and favor-
able treatment for patients with metachronous oligometa-
static esophageal cancer, and a radical radiation dose with 
BED10 ≥60 Gy has important benefits in extending survi-
val of the patient.

It is evident that all the above studies performed radical 
local treatment for primary tumors and all oligometastatic 
sites. Patients with oligometastatic disease had a survival 
gain from a high rate of local tumor and metastasis control. 
Several studies showed a high local control rate in hypo- 
fractionated radiotherapy (BED10 ≥ 100 Gy) lesions.22,23 

Sharma et al24 reported that SBRT to pulmonary oligometas-
tases was associated with a 2-year OS of 63%. In our study, 
60.9% (14/23) of patients with brain metastases received 
radical local radiotherapy (50% isodose line 22 Gy/1f = 8, 

Table 3 Factors Associated with Overall Survival in Univariate and Multivariate Analyses

Variable Univariable Multivariable

HR 95% CI P HR 95% CI P

Gender

Male vs Female 0.77 0.58–1.01 0.060
Age 0.99 0.96–1.16 0.134

EOCG performance status

0–1 vs 2 0.53 0.40–0.70 <0.001 0.69 0.49–0.97 0.032
Smoking status

Present or former smoker vs.Nonsmoker 1.13 0.86–1.48 0.396

Educational degree 0.178
Elementary school

Junior or senior high school 0.76 0.56–1.03 0.083

Undergraduate 0.69 0.38–1.23 0.207
No. of underlying disease 0.333

0–1

2–3 1.14 0.86–1.52 0.366
4–5 0.76 0.41–1.41 0.387

Diagnosis of TNM stage 0.047

I
II 1.78 0.89–3.56 0.106

III 2.18 1.10–4.29 0.025

Time from diagnosis of primary tumor to 
progression

0.83 0.76–0.92 <0.001 0.87 0.78–0.97 0.015

No. of metastases

1–2 vs 3–5 0.67 0.51–0.89 0.006
Subsequent systemic treatment

Yes vs No 0.56 0.41–0.77 <0.001 0.52 0.38–0.72 <0.001
Local radiotherapy for all OS

Yes vs No 0.45 0.35–0.61 <0.001 0.49 0.35–0.67 <0.001

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; OS, Oligometastatic Sites.
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Figure 4 Overall survival associated with ECOG PS 0–1 vs 2 (A), diagnosis of TNM stages I, II, and III (B), number of metastases 1–2 vs 3–5 (C), and subsequent treatment 
yes vs no (D).

Figure 5 Multivariate analysis of the prognosis of elderly patients with metachronous oligometastatic cancer. OS*= oligometastatic sites, time to progression# = time from 
diagnosis of the primary tumor to progression.
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60 Gy/20 f = 6), 58% (18/31) of patients with lung metastases 
received hypo-fractionated radiotherapy (70% isodose line 
70–78 Gy/10–14f = 10, 70 Gy/15f = 8), 44.5% (8/18) of 
patients with liver metastases were treated with a body 
gamma knife (70% isodose line 70–78 Gy/10–14f), and 
57.1% (4/7) of patients with adrenal metastases received 
a body gamma knife (70% isodose line 70 Gy/10f). 
Although gamma knife fractionated stereotactic radiotherapy 
has unique advantages for treating multiple tumors, it 
remains unfamiliar to most radiotherapy doctors. This unique 
dose distribution approach suits elderly patients and is sui-
table for tumors with relatively regular shapes.25,26 

Therefore, our study might be biased in selecting patients 
treated with gamma knife fractionated stereotactic radiother-
apy. The optimal local radiotherapy regimen of the oligome-
tastatic disease depends on several factors, including tumor 
location, tumor size, and tumor shape. Further Phase III 
studies are needed.

The current scarcity of biomarkers has made imaging 
the most relevant diagnostic tool for defining oligometa-
static disease.27 The PET-CT has a higher sensitivity and 
specificity than other diagnostic modalities in detecting 
small metastases.28 In the current study, 8 patients were 
diagnosed with non-regional lymph node metastasis using 

PET-CT (4 patients performed pathological biopsy), but no 
tumor was evident in CT or MRI. However, only 70.2% (n 
= 170) of patients performed PET-CT examination. This 
was due to the medical insurance does not cover the 
expense of PET-CT, and PET-CT is more expensive than 
CT and MRI. Some studies showed that microRNA pro-
files correlated with progression or differentiated between 
oligometastatic and polymetastatic disease.29,30 Accurate 
biomarkers for the diagnosis of oligometastatic diseases 
are urgently needed. In the current study, 3 pancreatic 
cancer patients with isolated liver metastases received 
radical local radiotherapy to liver metastases. The survival 
outcomes suggested that patients with low CA199 levels 
could benefit from radical local radiotherapy to liver 
metastases as compared with those with high CA199 
levels (15 vs 9 months). It may be hypothesized that 
imaging combined with specific biomarkers is beneficial 
for diagnosing and treating oligometastatic disease.

The choice of optimal systemic therapy is especially 
unclear in metachronous oligometastatic cancers, especially 
in elderly patients. In the present study, most elderly patients 
did not receive a guideline-recommended standard course of 
systemic treatment due to various factors, including under-
lying diseases, infections, advanced age, and geriatric 

Figure 6 Overall survival for each type of primary tumor. Lung cancer (A), colorectal cancer (B), prostate cancer (C), breast cancer (D), cervical cancer (E), and other 
cancers (F). Other cancers = larynx cancer (n = 2), pancreatic cancer (n = 3), stomach cancer (n = 2), liver cancer (n = 1).
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syndromes. Univariate and multivariate analyses demon-
strated that systemic treatment was an independent prognos-
tic predictor for survival. This indicated that systemic 

treatment was an indispensable part of the treatment of 
oligometastatic cancers. However, this modality must be 
cautiously considered on an individual basis in elderly 

Table 4 Factors Associated with Overall Survival in Univariate and Multivariate Analyses in Patients without Subsequent Systemic 
Treatment

Variable Univariable Multivariable

HR 95% CI P HR 95% CI P

Gender
Male vs Female 0.69 0.42–1.14 0.152

Age 0.99 0.95–1.04 0.967

EOCG performance status
0–1 vs 2 0.54 0.32–0.90 0.018

Smoking status

Present or former smoker vs. 
Nonsmoker

0.76 0.46–1.25 0.285

Educational degree 0.444

Elementary school
Junior or senior high school 0.95 0.52–1.74 0.877

Undergraduate 1.751 0.63–4.89 0.285

No. of underlying disease 0.544
0–1

2–3 1.32 0.80–2.22 0.279

4–5 1.01 0.24–4.32 0.984
Diagnosis of TNM stage 0.105

I

II 1.20 0.41–3.54 0.741
III 2.02 0.72–5.68 0.180

Time from diagnosis of primary 

tumor to progression

0.94 0.81–1.09 0.387

No. of metastases

1–2 vs 3–5 0.78 0.47–1.29 0.328
Local radiotherapy for all OS

Yes vs No 0.42 0.24–0.73 0.002 0.47 0.26–0.83 0.010

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; OS, Oligometastatic Sites.

Table 5 Acute and Long-Term Toxicities in the Local Radiotherapy Group

CTCAEv5.0 Grade 1 No. (%) Grade 2 No. (%) Grade 3 No. (%)

Acute toxicities
Skin rash 13 (15.1%) 5 (5.8%)

Pneumonia* 14 (16.3%) 5 (5.8%) 3 (3.5%)
Fatigue 35 (40.7%) 13 (15.1%) 0

Anemia 12 (13.9%) 8 (9.3%) 0

Leukopenia 20 (23.3%) 10 (11.6%) 1 (1.2%)
Thrombocytopenia 11 (12.8%) 5 (5.8%) 0

Esophagitis 10 (11.6%) 1 (1.2%) 0

Long-term toxicities
Pulmonary fibrosis 2 (2.3%) 1 (1.2%) 0

Pleural effusion 1 (1.2%) 0 0

Note: *=radiation-induced pneumonitis.
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patients. Over the past few years, significant advances have 
been made in cancer immunologic therapies, which have 
been applied as a first-line treatment for some metastatic 
tumors. Bauml et al31 reported that pembrolizumab after 
locally ablative therapy for oligometastatic non-small cell 
lung cancer improved PFS with no reduction in quality of 
life (median PFS: 19.1 months). Recent studies32,33 have 
shown a synergic effect of radiotherapy combined with 
immune checkpoint inhibitors, especially SBRT irradiation 
to the tumor. In our study, 22 patients received programmed 
cell death-1 (PD-1) or programmed cell death-ligand 1 (PD- 
L1) immunotherapy, of which 10 combined with LRTOS. 
Patients treated with a combination of immunotherapy with 
local radiotherapy had longer OS than those treated with 
immunotherapy alone (17 vs 10 months). Notably, the sam-
ple size was too small for further analysis.

This study had some shortcomings. First, the small 
sample size made it difficult to detect a statistical differ-
ence in some subgroups. Second, this study was 
a retrospective study; hence, a selection bias was inevi-
table. A prospective randomized controlled study is war-
ranted to validate our findings. Meanwhile, this study 
was not a multicenter study. Patients treated with 
gamma knife fractionated stereotactic radiotherapy were 
obtained from Air Force General Hospital. This is due to 
the lack of gamma knife equipment in the Beijing 
Geriatric Hospital. Third, an accurate and continuous 
systemic treatment regimen could not be reliably ascer-
tained because several patients received systemic therapy 
at other medical institutions during the follow-up period. 
Finally, the lack of patient-reported outcome measures 
(PROMs), geriatric assessment tools, and quality of life 
(QoL) assessment further limits the study.

Conclusion
In conclusion, this retrospective study shows that LRTOS 
may improve the survival of elderly patients with MOC. The 
optimal combination of systemic treatment and local radio-
therapy for elderly MOC patients need to be further explored.

Abbreviations
LRTOS, local radiotherapy to all oligometastatic site; MOC, 
metachronous oligometastatic cancers; mOS, median overall 
survival; CI, confidence interval; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; MRI, 
magnetic resonance imaging; PET-CT, positron emission 
tomography computed tomography; 3DCRT, conformal 
radiotherapy; IMRT, intensity-modulated radiation therapy; 

SBRT, stereotactic body radiotherapy; SRS, stereotactic radio-
surgery; WBRT, whole-brain radiation therapy; CTCAE, 
Common Terminology Criteria for Adverse Events; BED, 
biologically effective dose; PD-1, programmed cell death-1; 
PD-L1, programmed cell death-ligand 1; NSCLC, non-small 
cell lung cancer; CGA, comprehensive geriatric assessment.
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