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Background and purpose: Stereotactic radiotherapy (SRT, SBRT) is widely used in oligometastatic cancer,
but the heterogeneity of the population complicates estimation of the prognosis. We investigated the role
of different clinical and inflammatory parameters.
Materials and methods: We included all patients treated with SRT for 1–5 oligometastases between 2003
and 2017 in our center. Patients were randomized between a model training set (2/3) and a separate val-
idation set (1/3). A Cox regression model was built, validated and risk points were attributed to the
resulting parameters.
Results: 403 patients received SRT for 760 metastases. Treated sites were mainly lung, liver, nodal areas,
and brain. Most common primaries were colorectal and lung cancer. Median follow-up for living patients
reached 42 months and median overall survival (MS) was 26.6 months (95% CI 23.8–29.3). Five indepen-
dent adverse factors were discriminated: male sex, synchronous timing of oligometastases, brain metas-
tasis, non-adenocarcinoma histology, KPS <80. A risk score is formed by summation of the points of each
factor (M:4, T:2, B:7, N:7, K:8). Four risk groups were defined: (1) 0–2 points: MS 41.2 months (95% CI
30.2–52.3); (2) 3–8 points: 29.3 months (24.6–34.0); (3) 9–13 points: 17.4 months (10.1–24.7), and (4)
14–28 points: 7.9 months (5.5–10.3).
Conclusion: We propose a prognostic score applicable in a variety of primary tumors and disease loca-
tions, including presence of brain metastases. The nomogram and risk groups can be used to stratify
patients in new trials and to support individualized care for oligometastatic patients. An online calculator
will become available at predictcancer.org.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 133 (2019) 113–119
Introduction

According to a historical paradigm, systemic treatments are the
only options able to alter the disease course in metastatic solid
tumors. However, in 1994 the spectrum theory was brought for-
ward, proposing that cancer is a heterogeneous group of diseases,
ranging from a local disease without metastatic potential to an
aggressive entity that is already systemic early in the development
[1]. The oligometastatic state is an intermediate form, in which
only a limited number of metastases develop in a first phase of
the metastatic process. It is hypothesized that additional genetic
mutations [2] in these lesions facilitate the seeding of new metas-
tases from the first metastases [3,4], and thus drive the develop-
ment to widespread systemic disease. Effective local treatment of
these limited metastases could therefore lead to cure, or provide
a major cytoreductive therapy with the aim to prolong disease-
free and possibly overall survival [5].

Some preclinical and translational evidence has emerged to
support the spectrum theory and a step-wise oligometastatic pro-
cess. Examination of genomic instability in pancreatic and prostate
cancer suggests the necessity of driver mutations to seed metas-
tases and the existence of genetic heterogeneity between these
metastasis-initiating cells [2,4]. In renal cell carcinoma, the hall-
marks of an oligometastatic state are reflected in the gene expres-
sion of pulmonary metastases [6]. The genomics of metastases
themselves may also predict further disease course. Lussier et al.
found a correlation between specific microRNA expression and
evolution by oligoprogression versus widespread progression [7],
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while Bruin et al. described genomic alterations in hepatic metas-
tases that predict the absence of further extrahepatic dissemina-
tion [8].

The oligometastatic paradigm has been translated into an
increasing use of local treatments in metastatic disease. Successful
metastasectomy was reported as early as 1939 [9], but only in the
nineties large surgical series were published, with a 5-year survival
rate of roughly 30% after complete resection of hepatic metastases
[10–12], and a 15-year survival of 22% after lung metastasectomy
[13]. In the last decade, stereotactic radiotherapy (SRT) emerged
as an effective local therapy for oligometastases [14–21], with-
standing the comparison against surgery, and combined with a
favorable toxicity profile [22].

For brain metastases, the benefit of SRT on survival and perfor-
mance status has already been established for some years [23],
Outside of the brain, SRT is usually termed SBRT (stereotactic body
radiotherapy) or SABR (stereotactic ablative radiotherapy). For
extracranial disease, randomized controlled data have started to
become available recently as well. A recent trial showed a median
progression-free survival of 11.9 months (90% CI 5.7–20.9) versus
3.9 months (2.3–6.6) if local consolidative therapy was added to
systemic treatment for patients with oligometastatic non-small
cell lung cancer (NSCLC) [24]. In another randomized phase 2
study, metastasis-directed therapy for prostate cancer improved
the androgen-deprivation-free survival from 13 months (80% CI
12–17) to 21 months (14–29) [25]. Phase 3 trials should investi-
gate these results in larger patient cohorts.

Consensus on the appropriate definition of the oligometastatic
state is however not yet reached [26]. The discrimination of this
specific prognostic group is complicated by the large heterogeneity
of metastatic disease, caused by a combination of many variables:
type of primary tumor, histology, metastatic site(s), number of
lesions, presence of brain metastases, et cetera.

Besides these clinical and radiological features, laboratory
parameters could provide additional prognostic information as
markers of systemic inflammatory response. The modified Glasgow
Prognostic Score (mGPS) combines high CRP (>10 mg/l) and
hypoalbuminemia (<35 g/l) in a score that provided prognostic
value in >30,000 patients with various stages of cancer [27], similar
to the neutrophil–lymphocyte ratio (NLR), tested in >37,000
patients [28]. In early-stage cancer, metformin use has been asso-
ciated with improved survival, mainly after radiotherapy [29].
Likewise, aspirin use in randomized controlled trials prevented
metastases and cancer death in non-metastatic adenocarcinomas
[30].

In the present study, we aimed to determine which factors pro-
vide independent prognostic value in oligometastatic cancer, with
validation on a separate test set. As a result, we propose a prognos-
tic score that can be used in a variety of primary tumors and dis-
ease locations, including presence or absence of brain metastases.
Materials and methods

Study design and participants

Patients were eligible for inclusion if treated in our center with
SRT for 1–5 oligometastases between 2003 and 2017. Patients
were included from a retrospective database [31] and multiple
prospective studies [19,20,32,33]. Primary tumors were required
to be treated curatively or, in the prospective NSCLC study, to be
irradiated concomitantly with the same schedule [19]. Syn-
chronous metastases were defined as metastases occurring within
one month of diagnosis of the primary tumor. Most common
extracranial SRT schedules were the following: (1) 10 � 4Gy or
10 � 5Gy homogeneously: in the retrospective database (at the
discretion of the treating physician), and within several
prospective studies [19,31–33]. (2) 10 � 5Gy prescribed at the 80%
isodose, with a mean GTV dose of 64 Gy: within a newer prospective
trial [20]. These 10-fraction schedules were delivered over 2 weeks.
Intracranially, mostly single-fraction radiosurgery (SRS) was used,
typically 1� 20Gy at the 80% isodose (maximum dose 25 Gy), and
otherwise (for larger lesions) generally 5 � 6Gy or 5 � 7Gy homoge-
neously over 1 week. Choice of treatment schedule was not random-
ized and, in the retrospective cohort, was at the discretion of the
treating physician, potentially influenced by baseline patient charac-
teristics. Since prescription could therefore not be separated from
patient characteristics and confound the analysis of these baseline
factors, RT dose was not included in the multivariate analysis. Local
control (LC) was investigated in detail in previous articles, showing a
LC of 53–59% for 40–50 Gy in 10 fractions without motion manage-
ment, compared to 89% for 10� 5Gy prescribed at the 80% isodose
with motion management [18,20].

Exact survival data were obtained from the Belgian National
Cancer Registry, updated in May 2017, and was calculated from
the first day of SRT. For patients with multiple stereotactic treat-
ments, only the first treatment was considered in this analysis.
Additional parameter data were provided by study records and
complemented by electronical records review. The study was
approved by the institutional ethics committee (143201732098).
The manuscript is written according to the TRIPOD guidelines.
Statistics

Patients were randomly divided over a model training set (2/3)
and a separate validation set (1/3). Randomization was stratified
according to known risk factors [31].

Using the training set, all pre-SRT covariates were entered in a
Cox proportional hazards regression model using the backward
selection method, with p > 0.10 for removal and p < 0.05 for final
covariate choice. No binning of continuous variables was done.
The following variables were analyzed in this multivariate analysis
(MVA): Primary tumor, histology, age, sex, Karnofsky’s Perfor-
mance Score (KPS), presence of brain metastases, timing of oligo-
metastatic disease (synchronous versus metachronous), number
of metastases, total Gross Tumor Volume (GTV), number and type
of metastatic locations, prior systemic therapy, use of metformin
and aspirin. Only complete cases were analyzed. mGPS and NLR
were included in a second step.

Proportional hazards assumption was checked. The concor-
dance index (Harrell’s c-index) was calculated to assess the model
fit on the training set. The validity of the model was verified on the
separate validation set by calculating and comparing the concor-
dance index. After validation of the model, a more precise estimate
of the regression coefficients was obtained on the complete dataset
without altering the choice of covariates. SPSS 19 software was
used for statistical analysis.
Prognostic score and risk grouping

A risk score was derived from the final multivariate model by
multiplying each model coefficient by the same number and
rounding it to the nearest integer. Prognostic scores resulting in
similar Kaplan–Meier’s curves were pooled in risk groups. Concor-
dance index was checked for the final risk groups.
Results

Patient characteristics and survival

403 patients received SRT for 760 metastases. At time of
analysis, 317 patients (79%) were deceased. Median follow-up for
living patients was 42 months (range: 1.3–145 months). Patient



Table 1
Patient characteristics (n = 403) (number and % unless otherwise noted).

UVA p

Age (years) (median, range) 0.02
63 24–92

Sex <0.001
Male 238 59
Female 165 41

KPS <0.001
50–60 5 1
70 40 10
80 76 19
90 166 41
100 112 28
Unknown 4 1

Primary origin <0.001
Colorectal 156 39
Lung 115 29
Breast 33 8
Melanoma 15 4
Upper gastro-intestinal 23 6
Head and Neck 20 5
Urological 20 5
Other 21 5

Histology <0.001
Adenocarcinoma 307 76
Squamous cell carcinoma 51 13
Other 45 11

Timing of metastatic spread 0.04
Synchronous 147 36
Metachronous 255 63
<12 months latency 78 19
�12 months latency 176 44

Unknown 2 0.5

Number of metastases treated 0.03
1 184 46
2 126 31
3 54 13
4 33 8
5 6 1

Treated site <0.001
Lung 93 23
Liver 66 16
Nodal regions 63 16
Brain 81 20
Other 24 6
Combination of sites 76 19

Brain metastases <0.001
No brain metastasis 317 79
Brain metastasis present 86 21

Prior systemic therapy 0.7
Metastases not systemically
treated

220 55

Consolidation SRT: PR after
systemic therapy

127 32

Salvage SRT: SD/PD after
systemic therapy

53 13

Unknown 3 1

Total GTV (cc) (median, range) 0.003
12.8 0–646.4

NLR (median, range) (n = 190) 0.02
3.1 0.4–31.9

mGPS 0.02
0 129 32
1 43 11
2 7 2
Unknown 224 56

Metformin use 0.9
No 311 77
Yes 34 8
Unknown 58 14

Table 1 (continued)

UVA p

Aspirin use 0.1
No 274 68
Yes 72 18
Unknown 57 14

UVA: univariate correlation with survival is shown informatively (log rank). PR:
partial remission; SD: stable disease; PD: progressive disease; GTV: gross tumor
volume.
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characteristics are shown in Table 1. Univariate correlation with
survival (UVA) is shown only with an informative purpose. Most
patients (88%) had a good performance score (KPS 80–100), and a
wide range of ages is represented (24–92 years). A variety of pri-
mary tumors was present, the most frequent were colorectal and
lung cancer. Adenocarcinoma was the most frequent histologic
type, followed by squamous cell carcinoma. Treated sites were
mainly lung, liver, nodal areas, and brain. Of note, in 19% of
patients a combination of sites was treated. In 55% of cases, the
current metastases were treated without preceding systemic ther-
apy, while in 32% SRT was offered as a consolidation therapy after
partial remission (PR) on systemic therapy. Brain metastases were
present in 21% of patients.

In the total cohort, the median overall survival (OS) reached
26.6 months (95% CI 23.8–29.3). Actuarial OS at 2, 5, and 8 years
measured respectively 54%, 22%, and 10%.
Modeling and validation

Considering the high rate of missing values for the laboratory
parameters (NLR, mGPS), backward covariate selection on the
training set was first done without these two parameters, which
yielded a model with five covariates (non-adenocarcinoma, male
sex, KPS, presence of brain metastases, timing of metastatic
spread). In a second step, this first model was fitted to the patients
with known NLR and mGPS (n = 118). Subsequent addition of NLR
and mGPS yielded no significant improvement of the model perfor-
mance (likelihood ratio test p = 0.12). Therefore the model with
five covariates was retained. Binning of the KPS in two groups
(50–70 and 80–100) did not affect model performance, conse-
quently binning was done for reasons of simplicity of the final risk
score.

This model was validated on the separate validation dataset,
yielding a concordance index of 0.68, compared to 0.65 on the train-
ing set. This validation was repeated 9 times with random genera-
tion of training/validation sets. Concordance indexes ranged from
0.65 to 0.69, on average 0.66 (±standard deviation 0.01). Calibration
curves are shown in Fig. s2, based on the 10 random divisions of the
dataset, and display an agreement between expected and observed
values in all but one division. In a final step, to maximize the preci-
sion of the prognostic score, we refitted the regression coefficients
on the complete dataset without changing the parameter choice.
Doing so, we noted that the p-value of the parameter ’Timing of
metastatic spread’ increased to p = 0.09 (Table 2). Since the choice
of parameters was already made (p was <0.05 during model train-
ing) and successfully validated on a separate test set, the selection
of covariates was not altered and the parameter was retained in
themodel. Also, the parameter constitutes a clinical dimension that
is not provided by other parameters.
Final model, risk score, and risk groups

The final multivariate prognostic model is presented in Table 2.
Three parameters had a high independent impact on survival:
presence of brain metastases, non-adenocarcinoma histology, and
low KPS, yielding 7, 7 and 8 risk points, respectively. Male sex



Table 2
Final multivariate Cox prognostic model and corresponding risk points for the prognostic score.

p HR (95% CI) Beta coefficient Points Acronym

Male sex 0.004 1.42 (1.12–1.80) 0.349 4 M
Timing: synchronous disease 0.09 1.22 (0.97–1.54) 0.200 2 T
Brain metastasis present <0.001 1.92 (1.48–2.51) 0.653 7 B
Non-adenocarcinoma <0.001 2.02 (1.55–2.64) 0.704 7 N
KPS <80 (ECOG >1) <0.001 2.18 (1.54–3.10) 0.779 8 K

HR: hazard ratio; CI: confidence interval.

Fig. 1. Nomogram. Points of each present risk factor should be added up. From the resulting sum score, drawing a horizontal line estimates the Median Survival (MS), 2-year
and 5-year Overall Survival (OS).

Fig. 2. Kaplan–Meier’s curves for overall survival according to risk group.
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and ‘timing of metastatic spread’ were less important independent
factors, receiving 4 and 2 points. The risk score of a patient is
derived by summation of the points of existing risk factors. We
present a nomogram that provides the survival estimates accord-
ing to this risk score (Fig. 1).

Four prognostic groups were defined (Table 3, Fig. 2). The con-
cordance index based on the risk groups was 0.65. The risk groups
provide a discrimination of 2-year OS ranging from 20% to 70%.
Most patients (65%) are situated in the low and low intermediate
group and have a relatively good prognosis with a 5-year survival
of 22–37%. In the best prognostic group, 19% of patients live longer
than eight years. In addition, subgroup analysis was performed in
four subgroups: respectively patients with lung, liver, nodal and
brain metastases. Applicability of the same risk groups can be seen
on the Kaplan–Meier curves within these subgroups (Fig. s1).

Discussion

Oligometastatic patients form a heterogeneous population.
While SRT and other metastasis-directed therapies become
increasingly common, clinicians are faced with the challenge of
distinguishing the patients that could benefit most from local
Table 3
Risk groups and corresponding survival estimates.

Risk score Risk group n HR (Cox) Median survival (months) (95

0–2 Low 109 1 (ref.) 41 (30–52)
3–8 Low intermediate 149 1.46 29 (25–34)
9–13 High intermediate 89 2.20 17 (10–25)
�14 High 51 5.55 8 (6–10)
Overall 403 27 (24–30)

HR: hazard ratio; CI: confidence interval; IQR: InterQuartile range; OS: overall survival.
therapy, potentially combined with systemic therapy. Estimation
of the prognosis is therefore essential but difficult without appro-
priate risk models [34,35].
% CI) Survival: IQR (months) (25–75%) 2 year OS 5 year OS 8 year OS

21–82 70% 37% 19%
16–56 60% 22% 10%
8–32 41% 16% 6%
2–14 20% 0% 0%
12–55 54% 22% 10%
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As in clinical reality, this study combined a variety of primary
tumors and metastatic sites, including brain metastases. After
mature follow-up (79% of patients deceased), a multivariate analy-
sis of contributing factors for survival was done. Five independent
prognostic factors were discriminated: Male sex, Timing of
oligometastases, Brain metastasis presence, Non-adenocarcinoma
histology, KPS <80 (equivalent to ECOG score >1). These factors
form an acronym (MTBNK or METABANK, Table 2). Analogous to
the CHA2DS2-Vasc score in cardiology, METABANK can form amne-
monic tool in clinical practice.

The importance of the risk factors is transposed to risk points
for each of them (M:4, T:2, B:7, N:7, K:8). The sum score correlates
with overall survival. A nomogram is provided (Fig. 1) to estimate
the prognoses of patients directly, which is more precise than clas-
sification in risk groups [36]. Risk groups were also defined
because of their practical use in some situations (Table 3, Fig. 2).
The risk groups differentiate between a median survival of
7.9 months (95% CI 5.5–10.3) to 41 months (30.2–52.3). Interquar-
tile ranges (IQR) for survival are provided to estimate the uncer-
tainty of the prediction in clinical situations. Presence of two
major risk factors (brain metastasis, non-adenocarcinoma or low
KPS) automatically results in classification in the highest risk
group, while a combination of a major and minor risk factor lead
to the high intermediate risk group.

The 5-year overall survival of the total cohort (22%) is in line
with other radiotherapy series (5-year OS 23–24%) [37,38]. Surgi-
cal cohorts show 5-year OS results of around 30% after liver metas-
tasectomy and 36% after lung metastasectomy [10,13] while a
combined meta-analysis of RT and surgery in NSCLC reported
29% 5-year OS [39]. The somewhat higher outcomes in the surgical
series could be explained by patient selection, as acknowledged by
Ashworth et al. [39], however in some cases outcome is equal
despite better case selection for surgery [22]. Patients in our lowest
risk group demonstrated a 5-year OS of 37%.

Despite many evaluations of prognostic risk factors, composite
risk scores are rare. They are nevertheless desired to estimate
which patients could benefit most from local therapies [40]. Fode
and Høyer constructed a model based on 321 patients with a vari-
ety of pathologies and significant follow-up, however a validation
and proportional risk score was not provided (Table 4) [38].
Tanadini-Lang et al. used a large multi-institutional database and
a comprehensive methodology to construct a nomogram with
external validation, yet specific for pulmonary metastases. Also,
with a follow-up of 14.7 months, the nomogram is mainly informa-
tive about the 2-year survival [37]. In the meta-analysis of Ash-
worth et al. ‘timing of disease’, nodal status and adenocarcinoma
were significant in MVA. However, the model is specific for NSCLC
and possibly not valid in patients with >1 metastasis [39]. The
unique property of the present study is the combination of differ-
ent primary tumors and disease locations, including brain metas-
Table 4
Comparison with existing risk scores.

Publication Primary tumors Metastatic
sites

N F

Present study Various Various 403 4

Fode [38] Various, majority CRC Various 321 6

Tanadini-Lang [37] Various Lung 670
+237

1

Ashworth [39] NSCLC Various 757 5

FU: median follow-up for living patients (months); CRC: colorectal cancer; PS: performa
tases, and including patients with metastases in multiple organs,
providing a single tool to use in clinical practice.

Palma stated that the most important independent parameters
can be classified under four categories: (1) good performance sta-
tus, (2) slow progression of disease, (3) low disease burden, (4)
young age [41]. Three of these categories can be found in our
model, in the form of (1) KPS, (2) synchronous versus metachro-
nous disease, and (3) dissemination to the brain. Age (4) did corre-
late with survival (UVA p = 0.02) but was not a contributive factor
in the MVA model, probably due to the important influence of KPS
in the model.

Perhaps a fifth important category can be introduced: histology
and/or primary tumor. This factor is not only of major importance
in our model (HR 2.02 (95% CI 1.55–2.64)) but also in other series,
in the favor of adenocarcinomas and particularly breast cancer
[5,13,14,37,39]. Of note, histology had a stronger influence than
the type of primary tumor in our analysis. Ashworth’s MVA of
NSCLC demonstrated also the favorable prognosis of adenocarcino-
mas [39], whereas histology does not seem to be specifically exam-
ined in two other models [37,38]. Future studies could provide a
further distinction between histological types and precise whether
specific genetic profiles provide additional discrimination. Possibly
interesting are BRAF-mutations in melanoma, and, based on the
recent randomized trial in oligometastatic NSCLC, EGFR-
mutations and ALK-translocations [24]. Especially patients treated
with biologically targeted therapies could form specific subgroups,
in which SRT can serve to destroy isolated deposits of resistant
subclones and/or introduce an abscopal effect [42].

The inflammatory scores mGPS and NLR both correlated with
survival in UVA (p = 0.02, Table 1) but did not provide additional
value when added to the METABANK model. This is likely due to
the association with other predictors. In literature, mGPS is indeed
associated with poor performance status and increased comorbidi-
ties [27]. Likewise, in our series mGPS score 2 was mainly found in
patients with low KPS, brain metastases, and/or non-
adenocarcinoma histology. Similarly, NLR was higher in patients
with brain metastases and non-adenocarcinoma histology. There
was no sign (UVA/MVA) of influence of aspirin and metformin
use on survival, in contrast to reports in the general population
and early cancer patients [29,30]. The lack of influence of these
medications might be due to differences between the early stage
of disease and the (oligo)metastatic stage, with associated differ-
ences in prognosis.

Present model was based on patients with one to five metas-
tases and can therefore not be assumed as valid for patients with
more lesions. The number of metastases was a relevant factor in
UVA (p = 0.03) but did not provide additional value when com-
bined with other variables in MVA. This indicates that the exact
amount of metastases is not the most important factor to discrim-
inate an ‘‘oligometastatic state.” Some other published models
U Multivariate factors Remarks

2 PS, adenocarcinoma, timing, brain
metastases, sex

0 PS, number of metastases, size of
largest metastasis, timing, pre-SBRT
chemotherapy

Internal validation not
provided, no proportional
risk score

4 PS, Primary tumor, primary
controlled, solitary metastasis, size of
largest metastasis

External validation

3 Adenocarcinoma, timing, nodal stage Surgery or radiotherapy.
Mainly single metastasis

nce status; NSCLC: non-small cell lung cancer.
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included the amount, but as the least important factor (HR 0.75 for
one versus multiple metastases) [37,38]. It is also likely that a rigid
numeric cut-off does not exist, and the risk on polymetastases
increases gradually with the number of lesions [43]. A comparable
situation is present concerning the size of the lesions, which is also
a measure for disease burden and forms a factor in several models
[37,38]. In our series the total GTV volume correlates with OS in
UVA (p = 0.003) but, like number of metastases, was not contribu-
tive to the final model. This means its contribution is already taken
into account by the 5 significant factors of the model. For example,
the factor ‘‘brain metastases” can also be regarded as a predictor
for disease burden.

The METABANK score provided good discrimination in the
training and validation dataset, but a validation in independent
cohorts would be beneficial. Present trial provides high prognostic
value, but considering the observational design, randomized phase
3 trials are needed to elucidate which clinical factors are exactly
predictive for the beneficial effect of metastasis-directed therapy.
This disease-altering effect has indeed now been demonstrated in
randomized phase 2 studies [24,25,44]. The current scoring system
could be valuable to select or stratify patients in such new trials.
Also in clinical practice, the nomogram and risk groups can guide
the tumor board to choose the most appropriate therapeutic strat-
egy. For example, SRT could be considered as a single strategy in
good-prognostic patients, while systemic therapy can be associ-
ated in high-risk groups. The weak prognosis of the high-risk group
does not necessarily mean that SRT is not useful. For example, SRS
is valuable for limited brain metastases despite the impaired prog-
nosis of brain dissemination [23].

In conclusion, a prognostic model for survival was based on a
diverse oligometastatic cohort with long follow-up. Most patients
(65%) were situated in the two best prognostic groups. A conve-
nient nomogram is presented for clinical and scientific use.
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