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ABSTRACT

Background: To evaluate the outcome of patients affected by a single isolated body metastasis
treated with stereotactic body radiotherapy (SBRT).

Material and methods: Seven-eight patients were treated with SBRT for isolated body metastasis. The
most frequent primary tumor was prostate cancer (28.2%), followed by colorectal cancer (23.1%) and
lung cancer (20.5%). Median age at diagnosis of oligometastatic disease was 70 years (range 47-88).
Median Karnofsky Performance Status (KPS) was 90 (range 70-100). The most common SBRT fraction-
ation scheme was 5 x 7 Gy (total dose 35 Gy). Response to radiotherapy was determined according to
RECIST criteria v1.1. Toxicity was registered according to Common Terminology Criteria for Adverse
Events (CTCAE) v4.0. The survival analysis was performed with the Kaplan-Meier method. The correl-
ation between time actuarial incidence and clinical parameters was studied, and the Kaplan-Meier
method of log-rank test was applied.

Results: With a median follow-up of 22.68 months, local control was achieved in 89.7% of the cases.
The two-year overall survival (OS) and progression-free survival (PFS) were 68% and 42%, respectively.
On univariate analysis, KPS >80 is predictive for improved OS (p=.001) and PFS (p=.001). Acute tox-
icity of grade >2 occurred in eight (10.2%) patients and late grade >2 toxicity in five (6.4%) patients.
Conclusions: Ablative radiotherapy in ‘early oligometastatic state’ is a safe, effective and minimally
invasive treatment modality. A good performance status (KPS >80) seems to influence the clinical
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outcome.

Introduction

The oligometastatic state identifies a subset of patients who
might be amenable to curative therapy. This intermediate
state of disease was first hypothesized by Hellman and
Weichselbaum in 1995 and describe a cancer condition in
which few metastases are present, before the tumoral cells
acquire widespread metastatic potential [1]. The develop-
ment of modern imaging techniques, such as PET/CT, not
only helped recognizing this category of patients, but also
fostered a radical therapeutic approach (surgery, radiation
therapy) in their treatment management [2]. Before this
hypothesis, the role of radiation therapy in the management
of metastatic disease was restricted to palliative care only,
without the ambition of interfering with disease progression.
In this specific group of patients, instead, stereotactic body
radiation therapy (SBRT) has been shown to reach high levels
of local tumor control rates through the delivery of high
doses of radiation in few fractions, without the development
of significant toxicity and the morbidity and risk associated
with surgical procedures [3]. Any meaningful improvement in
survival is debated, but SBRT could be able to delay disease
progression and the need for another treatment in patients

whose quality of life may be already compromised. The chal-
lenging aim is to assess whether SBRT can actually change
the prognosis of those oligometastatic patients with good
performance status prior to the treatment, who could mostly
benefit from such radical approach. In our retrospective ana-
lysis, we analyzed the impact of SBRT on local control (LC),
progression-free survival (PFS), cancer-specific survival (CSS),
overall survival (OS) and toxicity in patients affected by ‘early
oligometastatic disease’ characterized by a single isolated
body metastasis.

Material and methods

From July 2007 to March 2016, 78 patients were treated with
stereotactic body radiotherapy at our Department, for iso-
lated body metastasis. The most frequent primary tumor was
prostate cancer (28.2%), followed by colorectal cancer
(23.1%), and lung cancer (20.5%). All patients received a rad-
ical treatment for the primary tumor (Table 1). More specific-
ally, 31 (39.8%) underwent surgery, 4 (5.1%) radiotherapy and
43 (55.1%) multiple modality therapy. Median time from pri-
mary tumor treatment to SBRT for oligometastatic disease
was 30.3 months (range 1.07-232.3). No patient had
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synchronous metastases at the time of SBRT. Median age at
the diagnosis of oligometastatic disease was 70 years (range
47-88). Median Karnofsky Performance Status (KPS) was 90
(range 70-100). Patients were also evaluated by means of
Charlson Comorbidity Score (CCS) [4].

In all patients, written informed consent for radiotherapy
was obtained. All patients underwent a planning CT scan in
order to delineate a gross tumor volume (GTV). A planning
target volume (PTV) was defined as the GTV plus a 5-10 mm
isotropic margin depending on tumor location.

Organs at risk were delineated depending on the site of
the GTV. The median GTV of the 78 lesions was 5.9 cc (range
0.16-110). The number of fractions was chosen considering
site and volume of the metastasis. The most common frac-
tionation scheme for the 78 lesions was 5 x 7 Gy (total dose
35@Gy). All treatment plans were normalized to ensure that
95% of the PTV received 95% of the prescribed dose. For
each patient, daily image-guided radiotherapy was performed
with cone beam CT, as described elsewhere [5].

Patients received SBRT without concomitant systemic ther-
apy, apart from 11/22 patients affected by hormone naive
prostate cancer, who underwent also antiandrogen depriv-
ation therapy (ADT).

Table 1. Patient characteristics.

N=78 Rate (%)

Age at SBRT

Median (range) 70 (47-88)

<70 40 52

>70 38 48
KPS® at SBRT

Median (range) 90 (70-100)

<80 15 19

>80 63 81
CCSP at SBRT

Median (range) 3 (0-8)

<3 29 37

>3 49 63
Primary tumor

Prostate 22 28.2

Colorectal 18 23

Lung 16 20.5

Kidney 8 10.2

Head and neck 4 5.1

Miscellaneous 10 13
Radical primary treatment

Surgery 31 40

Radiotherapy 4 5

Multiple modalities 43 55
Disease free interval® (months)

Median (range) 30.3 (1.07-232.3)

<12 months 20 25.7

>12 months 58 743

?KPS: Karnofsky Performance Status.
BCCS: Charlson Comorbidity Index.
“From primary tumor therapy to SBRT.

Table 2. Treatment characteristics.

After SBRT, follow-up schedule consisted of clinical, bio-
chemical and radiological evaluation every 3 months during
the first 2 years and then every 6 months. Response to radio-
therapy was determined according to RECIST criteria v1.1
(Kingston, Canada) [6]. More specifically, local control was
defined as disappearance of the target lesion, or as a
decrease of at least 30% in the sum of the diameters of the
target lesion. Toxicity was prospectively registered according
to Common Terminology Criteria for Adverse Events (CTCAE)
v4.0 (Rockville, MD). Primary endpoint of this retrospective
study was local control (LC), secondary endpoints were pro-
gression-free survival (PFS) defined as any radiological pro-
gression (in-field and/or out-field), overall survival (OS) and
cancer-specific survival (CSS) defined as death from disease.
All endpoints were measured from the end date of SBRT to
the event date or to last follow-up. Finally, acute toxicity
(within 90 days from the start of radiotherapy) and late tox-
icity (>90 days from the start of radiotherapy) were analyzed.
Statistical analysis was carried out using a commercial statis-
tical software package (SPSS 22®; SPSS Inc, Chicago, IL).

The survival analysis was performed with the
Kaplan-Meier method. The correlation between time actuarial
incidence and clinical parameters was studied. For all con-
tinuous parameters except for KPS, the median values were
considered as cutoff levels and patients were categorized
into two groups: above and equal or below the cutoff. For
KPS, the value of 80 was considered appropriate. The
Kaplan-Meier method of log-rank test was applied; p <.05
was considered significant. Multivariate analysis was per-
formed using the Cox proportional-hazard regression.

Results

All patients completed the prescribed radiation treatment,
with no interruption. Table 2 reports treatment characteris-
tics. The most frequent treatment site was the lung, followed
by lymph nodes. Median follow-up was 22.68 months (range
1.9-95.73). At last follow-up, local control was achieved in 70
(89.7%) patients, and there were eight in-field local failures (5
lung and 3 lymph node metastases) with a one and two-year
LC of 91% and 89% (Figure 1(a)), respectively (median local
control was not reached). Thirty-one patients (39.7%) were
progression free. Eight patients had an in-field recurrence
(median time of in-field recurrence: 2.16 months, range
1.1-12.9), and 39 patients had an out-field progression
(median time of out-field progression: 8 months, range
0.7-70.3). More specifically, 23/47 patients developed a wide-
spread disease: 5 of them judged unfit for chemotherapy
had supportive care, 15 were treated with chemotherapy and

Site Number Median GTV (cc, range) Dose range (Gy) No of fractions Most common regimen
Lung 40 7.73 (0.5-110) 12-48 1-5 5x 8Gy

Lymph node 34 4.94 (0.26-75.9) 12-36 1-5 5x7Gy

Liver 2 34.49 (7.05-61.93) 32-36 3-4 4 x 8Gy; 3x 12Gy
bone 1 7.65 35 5 5% 7Gy
Adrenal gland 1 0.16 35 5 5x7Gy
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Figure 1. Kaplan—-Meier curves. (a) Local control. (b) Progression-free survival.
(c) Overall survival.

3 with multiple modality treatment. The remaining 24/47
patients had an oligometastatic progression (2 of them were
treated with radiotherapy, 11 with systemic therapy and 6
with multiple modality treatment). One- and two-year PFS
were 57% and 42% (Figure 1(b)), respectively (median PFS
was 18.8 months, 95% Cl: 9.5-27.3). Forty-six (59%) patients
were alive at the time of analysis and 29 (37.2%) were dead
of disease. One- and two-year OS were 82% and 68% (Figure
1(c)), respectively, (median OS was 54 months, 95% Cl:
26.4-73.5). One- and two-year CSS were 85% and 71%,
respectively, (median CSS was 66.3 months, 95% Cl:
28.7-73.5). Finally, we performed survival analysis for the
main patient subgroups (prostate, colorectal and lung cancer)
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Figure 2. Kaplan-Meier curve of late grade >2 toxicity.

and for the main metastatic sites (lung and lymph nodes).
Regarding prostate cancer patients, median LC and median
OS were not reached, median PFS was 27.3 months (95% Cl:
20.8-70.3). Lung cancer patients had a median PFS of 28.3
months (95% Cl: 8-28.3), whereas median LC and median OS
were not reached. Colorectal cancer patients had a median
PFS of 15.17 months (95% Cl: 6-28.7), a median OS of 26.1
months (95% Cl: 14-66.4); median LC was not reached.

Patients who received SBRT for lung metastases had a
median PFS of 9.4 months (95% ClI: 5.7-21.4) and a median
OS of 24.1 months (95% Cl: 13.9-73.5); median LC was not
reached. In patients treated for lymph node metastases,
median PFS was 27.3 months (95% Cl: 20.8-70.3), median LC
and median OS were not reached.

Acute toxicity of grade >2 occurred in eight (10.2%)
patients and late grade >2 toxicity in five (6.4%) patients.
More specifically, we registered no acute G3 toxicity, and
only one patient (1.2%) developed a late G3 toxicity. Two-
year late grade >2 toxicity was 5% (Figure 2).

On univariate analysis (Table 3), KPS >80 represents a pre-
dictive factor associated with prolonged OS (p=.001) and
PFS (p=.001). Prostate cancer histology correlates with bet-
ter OS (p=.006). Cox proportional hazard-regression model
showed that KPS >80 is strongly correlated with OS (p < .05,
HR 8.2, CI 3.5-19.9).

Discussion

In our retrospective series, with a median follow-up of 22.68
months, local control was achieved in 89.7% of the cases, as
in the series by Aitken et al. [7]. Two-year OS and PFS were
68% and 42%, respectively. Other studies in literature [8-11]
report two-year survival rates in the range from 30% to 64%.
We explain our finding of such a high OS value considering
the clinical features of the study population. The majority of
the patients (51.3%) included in our analysis were affected
by the so-called favorable tumors (22 cases of prostate can-
cer, 18 cases of colorectal cancer) and they had a single
metastasis at the time of SBRT. Eventually, 58 (74.3%)
patients had a disease free interval from the radical primary
tumor treatment to SBRT >12 months, and no one had syn-
chronous oligometastases. All these good prognostic factors
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Table 3. Univariate analysis.

LC PFS 0sS
n. of patients p value

Age 0.14 .16 0.83
<70 40
>70 38

KPS 0.01 0012 0.001%
<80 15
>80 63

Cccs 0.12 13 0.68
<3 29
>3 49

Disease-free interval® - 7 -
<12 months 20
>12 months 58

Primary tumor - 14 0.006°
Prostate 22
Colorectal 18
Lung 16
Other 22

Total dose 0.10 47 -
<35Gy 47
>35Gy 31

Gross tumor volume 0.40 - -
<5.9cc 39
>59cc 39

Time actuarial incidences of local control (LC), overall survival (OS) and pro-
gression-free survival (PFS) related to variables (Kaplan-Meier method of log-
rank test).

2Significant.

BFrom primary tumor therapy to SBRT.

were identified by other authors. In the series by de Vin
et al. patients with synchronous oligometastases at diagnosis
had a worse OS [12], and the long disease-free interval from
the primary tumor treatment to the diagnosis of metastasis is
considered as a good prognostic factor [13]. In the series by
Rusthoven et al. patients treated with SBRT for liver metasta-
ses from favorable primary tumors (colorectal and breast can-
cer) experienced better survival [14].

In literature, the subset of oligorecurrent patients from a
variety of primary sites exhibiting a less aggressive biology
seems to be amenable of local therapy (surgery or ablative
radiotherapy), which improves overall survival, disease pro-
gression-free survival and delay the need for systemic ther-
apy [15-20]. SBRT is very attractive because it is safe,
effective and minimally invasive, leading to local control rates
(from 70% to 90%) comparable with surgery [19]. As proof of
that, a recent international survey [21] shows that clinical
oncologists are increasingly using SBRT for oligorecurrent
cancer despite the weak level of evidence, which is mainly
based on retrospective single-institution or pooled experien-
ces. The great interest in this treatment option has led to
randomized trials such as the SABR-COMET trial. This study
will compare SBRT with standard of care, in terms of overall
survival and quality of life, in patients with no more than five
metastatic lesions [22].

However, not all oligometastatic patients seem to benefit
from local therapy in terms of overall survival and progres-
sion-free survival [16,17], and the discrimination of patients
that will have oligoprogression from those who will develop
a polimetastatic state could help to decide the best thera-
peutic approach. In addition to clinical prognostic models,
novel biomarkers such as microRNA seem to be promising in
detecting the ‘true oligometastatic state’ [23]. From the

clinical point of view, selection criteria for oligometastatic
patients candidate with SBRT are still controversial. In 2006,
Kavanagh and Timmerman in their crucial paper [24] identi-
fied ‘patients capable of self-care with controlled primary
tumors’ as those who could mostly benefit from this specific
treatment. According to Scorsetti et al. [25], a KPS >70 char-
acterizes the best candidates to be treated with SBRT for liver
metastases. The role of KPS as a prognostic factor has been
also investigated by other authors. In some specific sites of
metastatic disease, scoring systems have been developed to
select candidates for radiation therapy and to provide
patients' prognosis [26]. Also, Kress et al. in their work [27]
analyzed liver lesions treated with SBRT; at the univariate
analysis, they found out that KPS >90 approached statistical
significance (p=.06) for OS. Thus, they also developed their
own scoring system (including KPS, number of lesions and
active systemic disease) which turned out to be predictive
for OS. A multinational report on SBRT for oligometastases
focusing on patient selection was conducted by Dagan et al.,
and recently published. Most centers only considered
patients for SBRT if they were free from serious comorbidities
and there was a general consensus in considering a min-
imum PS for patient selection, even if the threshold value for
the recruitment could vary between different institutions
[28]. In a study by Fleckenstein [29] concerning oligometa-
static NSCLC, KPS >90 (vs KPS 70/80) was one of the three
factors that had a significant impact on PFS at univariate ana-
lysis, and it remained significant on a following multivariable
Cox regression analysis. In our series, KPS >80 is predictive
for improved OS and PFS, adding to the few reports in litera-
ture on this issue.

In conclusion, ablative radiotherapy in ‘early oligometa-
static state’ represents a safe, effective and minimally invasive
treatment modality. A good performance status (KPS >80)
seems to influence the clinical outcome in this setting of
patients.
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