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Abstract
Stereotactic body radiotherapy (SBRT) has been shown to achieve high local control rates in limited metastatic burden of 
disease. Few papers reported on the efficacy of SBRT in nodal oligometastases. The primary aim of the present paper was 
to analyze the treatment outcome in this setting. Data from DESTROY-1 and SRS-DESTROY-2 phase I clinical trials were 
reviewed and analyzed. These trials were based on a 5 fractions and a single fraction regimens, respectively. End-points of 
this analysis were toxicity rates, overall response rate (ORR), and local control (LC). Patients treated between December 
2003 and January 2018, with any metastatic site, and primary tumor type and histology were included. One hundred-eighty-
one patients (M/F: 93/88; median age: 67, range 37–88) treated with SBRT on 253 nodal lesions were analyzed. Initially, 
the used technique was 3D-CRT (20.9%), while subsequently treatments were delivered by VMAT (79.1%). The total dose 
to the PTV ranged between 12 Gy/single fraction to 50 Gy/5 fractions. With a median follow-up of 21 months (2–124), no 
grade 3 acute or late toxicity was recorded. ORR based on functional imaging was 92.5% with a complete response rate of 
76%. Two- and three-year actuarial LC were 81.6% and 76.0%, respectively. Our large pooled analysis confirms the efficacy 
and safety of SBRT/SRS in patients with nodal metastases and identifies clinical and treatment variables able to predict 
complete response and local control rate.

Keywords SBRT · SRS · Nodal metastases · Oligometastates · Nodal recurrence

Abbreviations
SBRT  Stereotactic body radiotherapy
RT  Radiotherapy
LC  Local control
MTD  Maximum tolerated dose
SRS  Stereotactic radio-surgery
3D-CRT   3-Dimensional conformal radiotherapy
VMAT  Volumetric modulated arc therapy
ECOG  Eastern cooperative oncology group
SBF  Stereotactic body frame
GTV  Gross tumor volume
CT  Computer tomography
PET  Positron emission tomography
MRI  Magnetic resonance imaging
CTV  Clinical target volume
PTV  Planning target volume
BED  Biologic effective dose
ORR  Overall response rate
CR  Complete response
PR  Partial response
CB  Clinical benefit

Alessio G. Morganti and Gabriella Macchia have share the last 
authorship.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1058 5-020-10039 -x) contains 
supplementary material, which is available to authorized users.

 * Gabriella Macchia 
 macchiagabriella@gmail.com

1 Radiotherapy Unit, Gemelli Molise Hospital, Campobasso, 
Italy

2 Medical Physic Unit, Gemelli Molise Hospital, Campobasso, 
Italy

3 Radiation Oncology Center, Department of Experimental, 
Diagnostic and Specialty Medicine – DIMES, University 
of Bologna, S. Orsola-Malpighi Hospital, Bologna, Italy

4 Radiology Unit, Gemelli Molise Hospital, Campobasso, Italy
5 Department of Radiology, Radiation Oncology 

and Hematology, Fondazione Policlinico Universitario 
A. Gemelli, IRCCS, Rome, Italy

6 Università Cattolica del Sacro Cuore, Istituto di Radiologia, 
Rome, Italy

http://orcid.org/0000-0002-0529-201X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10585-020-10039-x&domain=pdf
https://doi.org/10.1007/s10585-020-10039-x


520 Clinical & Experimental Metastasis (2020) 37:519–529

1 3

SD  Stable disease
MFS  Metastases free-survival
PFS  Progression free-survival
OS  Overall survival

Introduction

The oligometastatic status is considered as a transition zone 
between local and disseminated cancer disease. A recent 
consensus recommendation proposed a comprehensive 
classification of oligometastatic disease on the basis of a 
decision tree of five binary disease characterization factors 
[1]. This interest in a more detailed classification of these 
patients, together with a growing evidence on improved out-
come when systemic therapy is combined to local therapies 
in this setting, suggests an increasing role of the latter in 
this field.

From the radiation oncologists perspective, the Stereo-
tactic Body Radiotherapy (SBRT) represents nowadays the 
cutting-edge technology in the oligometastatic setting, being 
a non-invasive radiotherapy (RT) technique allowing the 
delivery of high total dose in few fractions, with consequent 
high Local Control (LC) probability [2–4].

The rapid development of high precision RT equipment 
and image-guided techniques has allowed SBRT application 
in primary or oligometastatic cancers, including unresecta-
ble pancreatic cancer [5], kidney tumors [6], as well as other 
abdominal-pelvic [7–9] and thoracic lesions [10–12]. Very 
recently, a retrospective multicenter Italian study confirmed 
the activity and safety of SBRT in very large, real-world data 
set of patients with oligometastatic ovarian cancer identify-
ing clinical and treatment parameters able to predict com-
plete response and LC rates [13].

A promising setting for SBRT is represented by lymph 
node metastases, with a growing body of evidence although 
generally of weak level [8, 14–24]. Indeed, nodal involve-
ment represents a sign of spreading disease and therefore is 
frequently treated by systemic instead of local treatment. In 
reality, the use of SBRT in these patients could have several 
goals, such as to treat patients with potentially curative pur-
poses, or to delay the use of systemic therapies, or to delay 
the transition to subsequent systemic therapy lines.

A literature review suggested that SBRT may be a safe 
and effective approach to nodal oligometastases, offering 
excellent in-field LC with a low toxicity profile. However, 
the majority of reports were retrospective and based on small 
patients series with heterogeneous primary tumor [25].

At our Institution, two prospective phase I dose-escala-
tion trials (DESTROY-1, DESTROY-2) were designed and 
carried out in order to define the maximum tolerated dose 
(MTD) in patients treated with fractionated SBRT or sin-
gle fraction stereotactic radio-surgery (SRS) [26–31]. The 

aim of this pooled analysis is to report the results recorded 
in these two studies in terms of toxicity, response, and LC.

Methods and materials

Study design and end‑points

This is a monocentric, retrospective pooled analysis of the 
DESTROY trials aimed at assessing the efficacy and safety 
of SBRT/SRS in nodal oligometastases [30, 31].

In detail, DESTROY-1 was a multi-arm phase I study 
on SBRT delivered with fixed non-coplanar conformal 
fields (3D-CRT) or Volumetric Modulated Arc Therapy 
(VMAT) in patients with primary or metastatic tumors in 
various extra-cranial body sites [31]. DESTROY-2 was a 
radiosurgery trial based on the SRS delivered by VMAT 
technique in patients with primary or metastatic tumors in 
various extra-cranial body sites [30].

Both trials were approved by the local Ethics Commit-
tee and the Institutional Review Board (Destroy-1: P#594/
CE/2003 and Destroy-2: P#988/CE/2010) and all patients 
signed a written informed consent before treatment.

Primary end-point of Destroy-1 and Destroy-2 trials 
was the definition of the MTD of SBRT and SRS in differ-
ent treatment settings, respectively. The co-primary end-
points of the studies were complete response and 2-year 
actuarial LC (progression of disease inside SBRT field) 
rates on a “per lesion” basis. The secondary end-points 
were rate and severity of acute and late toxicities as well 
as 2-year actuarial late toxicity free survival.

Inclusion criteria were: age > 18 years, histological 
proven solid tumor, adequate performance status (ECOG 
0–3), < 5 nodal lesions, salvage surgery or other local 
therapies not feasible. Only patients with oligometastatic, 
oligoprogressive or oligorecurrent nodal lesions (any site) 
were included in this analysis.

Procedures

All patients underwent planning CT-simulation with the 
Elekta Stereotactic Body Frame (SBF; Elekta Oncology 
Systems, Crawley, UK) based on a stereotactic system of 
coordinates for target position. The Gross Tumor Volume 
(GTV) was identified by CT and/or CT-PET and/or MRI 
and the clinical target volume (CTV) was defined as the 
GTV. An experienced senior radiologist (GS) reviewed all 
diagnostic and simulation images. Organ motion and set-
up analyses were performed for Planning Target Volume 
(PTV) definition as previously described [30, 31].
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Treatment planning

In the aforementioned papers [30, 31], the treatment plan-
ning devices, techniques, constraints and quality assurance 
controls have been reported in details. In particular, the first 
53 lesions (20.9%) were treated by 3D Conformal Radio-
therapy Technique (3D-CRT) with non-coplanar beams 
(tetrahedral static beam configuration) [26, 27] while, sub-
sequently, 200 lesions (79.1%) were treated with VMAT 
technique [28–31].

In the DESTROY-1 protocol, the total dose, prescribed to 
the target isocenter (International Commission on Radiation 
Units and Measurements-ICRU report 62), ranged from 20 
to 50 Gy (Biologic Effective Dose,  BEDα/β=10 = 28–100 Gy) 
according to the different study arms and patients cohorts, 
while the doses per fraction ranged from 4 to 10 Gy along 
5 days.

In the DESTROY-2 protocol, for each plan of SRS trial 
the isodose surface (IDS) was selected as the greatest IDS 
fulfilling the two following criteria: 95% of the PTV vol-
ume reached 100% of the prescription dose and 99% of the 
PTV reached ≥ 90% of the prescription dose, as per ROSEL 
study [32]. Tight MLC beam margins (0–1 mm) were used 
to obtain inhomogeneous dose distributions (especially in 
the center of the lesion where dose is allowed to reach up 
to 140% of prescription dose) and to enhance the steepness 
of dose gradient outside the target volume [33]. The total 
dose ranged from 12 to 24 Gy  (BEDα/β=10 = 26.4–93.6 Gy) 
according to the different arms and anatomical sites as per 
DESTROY-2 protocol.

Response assessment

Four-months after treatment, the evaluation of response 
was carried out by morphological (contrast enhanced CT 
scan and/or MRI) or by functional imaging modalities 
(18F-fluorodeoxyglucose (FDG)-PET or choline PET for 
prostate cancer). RECIST (Response Evaluation Criteria in 
Solid Tumors) system [34] and EORTC (European Organi-
zation for Research and Treatment of Cancer) criteria [35] 
were used to assess objective tumor response, respectively. 
Overall Response Rate (ORR) included Complete Response 
(CR) and Partial Response (PR) while Clinical Benefit (CB) 
included ORR and Stable Disease (SD).

Actuarial LC was defined as the time interval between the 
date of SBRT and the date of the in-field relapse/progression 
of disease or the last seen date. Metastases Free-Survival 
(MFS) was defined as the time interval between the date 
of SBRT and the date of out of field progression or the last 
follow-up visit. PFS was defined as the time between the 
date of the SBRT and the date of first event (local or distant 
progression) or the last follow-up visit for censored patients 
still negative for relapse. Overall Survival (OS) was defined 

as the time interval between the date of SBRT and the date 
of death or the last follow-up visit. Acute and late toxicities 
were evaluated by RTOG/EORTC and CTCAE 4.03 scales, 
respectively, according to protocols [36, 37].

Analysis of data and statistical methods

Data were collected at the Radiotherapy Unit of Gemelli 
Molise Hospital, Campobasso, Italy, and entered into an 
electronic database. The data processing was carried out by 
GM, FD and SC. Patient characteristics were represented as 
frequencies and percentages for categorical variables, and 
medians and ranges for continuous variables. The Pearson 
χ2 test was used to test differences between subgroups. Sta-
tistical significance was defined as p-value < 0.05. Univariate 
and multivariate analysis of factors predicting clinical CR 
on “per lesion” basis was carried out by logistic regression. 
The results of the logistic regression model are expressed as 
odds ratios with 95% confidence intervals.

Actuarial outcomes were calculated using the 
Kaplan–Meier method. Differences between subgroups were 
evaluated by log-rank tests and Cox’s regression model for 
univariate and multivariate analyses, respectively. Statistical 
analysis was performed using XLSTAT statistical software 
(Addinsoft, Paris, France).

Results

One hundred eighty-one (181) patients carrying a total of 
253 nodal metastases underwent SBRT (on consecutive 
weekdays) or SRS between December 2003 and Janu-
ary 2018 and were selected for this analysis. As shown in 
Table 1, the male/female ratio was 93/88 and the median 
age was 67 years (range: 37–88). Most patients (92.8%) pre-
sented Eastern Cooperative Oncology Group (ECOG) per-
formance status 0–1. The most frequent primary tumor was 
gynecological cancer (N = 53; 29.3%), followed by prostate 
(N = 37; 20.4%) and gastrointestinal tumors (N = 25; 13.8%). 
One hundred and three patients (56.9%) have been already 
treated by RT before SBRT/SRS (Table 1), in particular 
77 (42.5%) of them were re-irradiated on the same site of 
previous treatment (data not shown). The large majority of 
patients received chemotherapy (68.0%) and/or hormonal 
therapy (15.5%) before SBRT, however no more details 
about schedules or timing are available (Table 1).

SBRT treatment on “per lesion” basis

Table 2 shows characteristics of lesions (N = 253), and 
treatment details. The most frequent anatomical sites were 
thorax (36.4%) followed by pelvis (34.8%) and abdomen 
(24.1%). One hundred thirty-five patients presented only 1 
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lesion (74.6%) and received a single SBRT course, while 
concurrent or sequential SBRT treatments were carried out 
in 46 patients bearing > 1 lesion. The median Planning Tar-
get Volume (PTV) was 24.4 cc (range 1.4–144.5). SBRT was 
administered using a standard linear accelerator (ELEKTA 
Precise) and a VMAT (N = 200, 79.1%), or 3D-CRT (N = 53, 
20.9%) technique.

All patients completed the SBRT/SRS as planned. Over-
all, the prescribed median total dose was 35 Gy (range 
12–50 Gy) given in 1–5 fractions, with a median dose per 
fraction of 8 Gy (range 4–24 Gy). A variety of schedules in 
terms of dose and fractionation schemes was used, according 
to the trials design (Fig. 1). The biologically effective dose 
(BED) was calculated considering two different α/β ratio val-
ues (10 and 3 Gy) to account for both early and late respond-
ing tissues  (BEDα/β10,  BEDα/β3). The median  BEDα/β10 was 
59.5 Gy (range 26.4–100.0 Gy) and the median  BEDα/β3 
was 93.3 Gy (range 16.0–133.3 Gy) in the whole series. 
Two hundred and two lesions (79.8%) were treated by SBRT 
(multiple fractions), and 51 (20.2%) lesions were treated by 
single fraction (radiotherapy, SRS). Treatment fractionations 
were chosen on the basis of the study protocol.

In details, the most frequent schedules for SBRT were 
6 Gy × 5 fractions, 7 Gy × 5 fractions, and 8 Gy × 5 frac-
tions  (Fig. 1a). The median dose delivered by SBRT was 

Table 1  Patients’ characteristics

N (%)

All 181
Age, years
Median (range) 67 (37–88)
Gender
Male 93
Female 88
Eastern Cooperative Oncology Group performance 

status
 0 125
 1 43
 2 10
 3 1
 n.a. 2

Primary diagnosis
 Gynecologic cancer 53 (29.3)
 Prostate cancer 37 (20.4)
 Gastrointestinal cancer 25 (13.8)
 Lung cancer 21 (11.6)
 Breast cancer 15 (8.3)
 Head and neck cancer 13 (7.2)
 Other urologic tumors 11 (6.1)
 Skin cancer 6 (3.3)

Comorbidities per patient
 None 89 (49.2)
 1 45 (24.9)
 2 29 (16.0)
 3 15 (8.2)
 4 3 (1.7)

Comorbidities*
 Hypertension 54 (33.8)
 Heart disease 22 (13.8)
 Diabetes mellitus 18 (11.3)
 Chronic pulmonary disease 9 (5.6)
 Osteopathy 8 (5.0)
 Gastrointestinal disease 6 (3.7)
 Peripheral vascular disease 6 (3.7)
 Any previous malignancies 5 (3.1)
 Moderate or severe renal disease 4 (2.5)
 Autoimmune  diseasesb 4 (2.5)
 Anxiety/depression 4 (2.5)
 Thyroid disease 3 (1.8)
 Liver disease 3 (1.8)
 Obesity (1.2)
 Peripheral neuropathies 1 (0.6)
 Cerebrovascular disease 1 (0.6)
 Dyslipidemia 1 (0.6)
 Glaucoma 1 (0.6)

Histotype
 Adenocarcinoma 98 (54.1)
 Squamous carcinoma 26 (14.3)

*Calculated on the number of comorbidities (N = 160)

Table 1  (continued)

N (%)

 Ductal/lobular carcinoma 13 (7.2)
 High grade serous cell 12 (6.6)
 Transitional/urothelial cells 9 (5.0)
 Adenosquamous carcinoma 4 (2.2)
 Clear cell carcinoma 3 (1.7)
 Melanoma 3 (1.7)
 Other 13 (7.2)

N. patients undergoing surgery
 No 17 (9.4)
 Yes 164 (90.6)

N. patients undergoing chemotherapy
 No 58 (32.0)
 Yes 123 (68.0)

N. patients undergoing radiotherapy
 No 78 (43.1)
 Yes 103 (56.9)

N. patients undergoing chemoradiation
 No 152 (84.0)
 Yes 29 (16.0)

N. patients undergoing hormonal therapy
 No 153 (84.5)
 Yes 28 (15.5)
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35 Gy (range: 20–50 Gy) with a median  BEDα/β10 of 59.5 Gy 
(range: 28–100 Gy) and a median  BEDα/β3 of 116.7 Gy 
(range: 46.7–216.7 Gy).

As per SRS, the most frequently adopted schedule was 
20 Gy × 1 fraction, as reported in Fig. 1b. The median dose 
delivered by SRS was 18 Gy (range 12–24); in terms of 
 BEDα/β10 and  BEDα/β3, the median  BEDα/β10 was 50.4 Gy 
(range 26.4–81.6 Gy) and the median  BEDα/β3 was 126 Gy 
(range 60–216 Gy) (individual data not shown). Five lesions 
were treated by 12 Gy as a retreatment after 45 Gy: this rela-
tively low dose was constrained by healthy tissues tolerance.

Efficacy

As shown in Table  S1 (Supplementary Material), the 
4 months-clinical response was evaluated in 239 of 253 
lesions (94.5%) by morphological imaging (CT scan and/or 
MRI examinations). The ORR of target lesions was 60.7%, 
including 101 CR (42.3%) and 44 PR (18.4%). Moreover, 
SD was observed in 88 (36.8%) lesions, while SBRT/SRS 
in-field progression was documented in 6 (2.5%) lesions 
(Table S1).

The 4 months-clinical response was evaluated in 200 of 
253 lesions (79.1%) also by functional imaging (PET-CT). 
The ORR of target lesions was 92.5% including: 152 CR 
(76%), 33 PR (16.5%), 12 SD (6.0%), and 3 SBRT/SRS in-
field progression (1.5%) (Table S1).

As shown in Table 3, univariate analysis of variables pre-
dicting CR per lesion showed that female gender, ECOG 0–1 
and planning target volume (PTV) ≥ 24.4 cc were signifi-
cantly associated with higher CR rates. Multivariate analysis 
confirmed the statistically significant independent role of the 
same variables in predicting clinical CR (Table 3).

An easy tool aimed at CR prediction on per lesion 
basis, according to different combinations of the variables 
included in the final multivariate model, except from the 
ECOG performance status, due to the small number of 
subjects with worse values (ECOG 2–3), is shown in Fig. 

Table 2  Features of lesions and treatment details (N = 253)

PTV Planning Target Volume, BED Biological Effective Dose
*Calculated on the number of patients (N = 181)
† Metachronous lesions

N (%)

Anatomical district
 Thorax 92 (36.4)
 Pelvis 88 (34.8)
 Abdomen 61 (24.1)
 Neck 12 (4.7)

N. of patients bearing
 1 lesion 135 (74.6)*
 2 lesions 28 (15.5)
 3 lesions 12 (6.6)
 4 lesions 5 (2.8)
 6 lesions 1 (0.5)†

PTV
 Median, range (cc) 24.4 (1.4–144.5)

Total dose, Gy
 Median (range) 35 (12–50)

N. of fractions
 Median (range) 5 (1–5)

Dose/fraction, Gy
 Median (range) 8 (4–24)

BEDα/β10

 Median (range) 59.5 (26.4–100.0)
Type of treatment
 SBRT, stereotactic radiotherapy (more fractions) 202 (79.8)
 SRS, stereotactic radiosurgery (single fraction) 51 (20.2)

Treatment setting
 Exclusive 140 (55.3)
 Boost 45 (17.8)
 Retreatment 68 (26.9)

Treatment technique
 Non coplanar 3D fields 53 (20.9)
 Volumetric arc 200 (79.1)

Fig. 1  Summary of different 
radiotherapy schedules accord-
ing to SBRT (a) and SRS (b)
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S1 (Supplementary Material). For instance, lymph node 
lesions with PTV ≤ 24.4 cc, in female patients showed the 
highest CR rate (85.7%). In contrast, large lesions with 
PTV > 24.4 cc in male patients had the lowest percentage 
of CR (57.6%). Notably, the CR could be evaluated at mor-
phological or functional imaging.

Clinical outcomes

With a median follow-up of 21 months (range 2–124), we 
recorded progressive disease in 46 of 253 irradiated lesions 
(18.2%). The 2- and 3-year actuarial LC rates were 81.6%, 
and 76.0%, respectively (Fig. 2a).

Univariate analysis of variables predicting “per lesion” 
LC rate showed that ECOG 0–1 and achievement of CR 
were significantly associated with a higher probability of 
LC rate. In the multivariate analysis, only the achievement 

of CR resulted significantly associated with improved LC 
rate (Table 4).

As far as the outside field actuarial recurrence rate is 
concerned, the 2- and 3-year actuarial MFS rates were 
40.9% and 31.3%, respectively (Fig. 2b). The 2- and 3- 
year actuarial PFS rates were 34.9% and 25.7%, respec-
tively (Fig. 2b), while the 2- and 3-year actuarial OS rates 
were 78.2%, and 66.9%, respectively (Fig. 2d).

Safety

All patients received the prescribed SBRT/SRS treatment 
and were included in the safety analysis. Details concern-
ing the time of onset, type and severity of complications 
are provided in Table S2 (Supplementary Material).

Table 3  Univariate and multivariate logistic regression of variables predicting complete response to SBRT on “per lesion” basis

*Calculated with logistic regression
PTV Planning Target Volume, BED Biological Effective Dose, CI Confidence Interval

Variable N Complete 
response N (%)

Univariate Multivariate

Odds ratio 95% CI p-value* Odds ratio 95% CI p- value*

All lesions 253 179 (70.8) – – – – – –
Age, years
 ≤ 67 124 86 (69.4) 0.876 0.511–1.502 0.632 0.854 0.497–1.468 0.569
 > 67 129 93 (72.1) 1 1

Gender
 Male 127 82 (64.6) 0.545 0.315–0.943 0.030 0.505 0.291–0.877 0.015
 Female 126 97 (77.0) 1 1

ECOG
 0–1 231 169 (73.2) 8.177 2.679–24.959 < 0.001 8.177 2.769–24.959 < 0.001
 2–3 16 4 (25.0) 1 1

Total dose, Gy
 ≤ 35 168 119 (70.8) 1.012 0.573–1.788 0.968 0.961 0.543–1.700 0.892
 > 35 85 60 (70.6) 1 1

Dose/fraction, Gy
 ≤ 8 156 111 (71.2) 1.052 0.605–1.828 0.858 1.154 0.661–2.014 0.617
 > 8 97 68 (70.1) 1 1

BEDα/β10, Gy
 ≤ 59.5 143 102 (71.3) 1.066 0.620–1.834 0.818 1.077 0.624–1.858 0.791
 > 59.5 110 77 (70.0) 1 1

BEDα/β10, Gy
 ≤ 70 158 115 (72.8) 1.295 0.747–2.246 0.359 1.259 0.724–2.188 0.417
 > 70 95 64 (67.4) 1 1

PTV,  cm3

 ≤ 24.4 127 101 (79.5) 2.391 1.369–4.175 0.002 2.356 1.346–4.126 0.003
 > 24.4 126 78 (61.9) 1 1

RT technique
 SBRT 202 146 (72.3) 1.422 0.746–2.712 0.288 1.738 0.894–3.378 0.104
 RCH 51 33 (64.7) 1 1
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Of 181 patients, 68 patients (37.6%) experienced mild acute 
toxicity, totalling 78 side effects of which 62 were grade 1, and 
16 grade 2 (Table S2).

Only 23 patients (12.7%) presented late toxicity accounting 
for 27 side effects of which 19 were grade 1, and 8 grade 2. The 
most represented late adverse effect was the radiologic findings 
of asymptomatic pneumonia in 13 patients, while the most 
severe were pulmonary and subcutaneous ones, with 4 and 3 
grade 2 toxicities, respectively. The 2- and 3-year late toxicity 
free survival rates were 87.8%, and 82.3%, respectively.

Discussion

Isolated lymph node metastases are a common route of 
cancer spread and can be found at the time of diagnosis as 
well as during follow-up, with variable incidence accord-
ing to primary tumor, stage, histology and grading.

In the treatment of nodal metastases, SBRT seems to be 
a potentially effective and safe option due to the high bio-
logical equivalent deliverable dose and reduced irradiation 

Fig. 2  a Actuarial local control and confidence intervals in the whole 
series of lesions; b actuarial MFS (progression outside SBRT field- 
free survival) in the whole series of patients; c actuarial PFS (any 

progression) in the whole series of patients; d overall survival in the 
whole series of patients
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of healthy tissues, with the possibility to avoid the not 
negligible complications caused by lymph node dissec-
tion. The majority of published studies are retrospective 
and inhomogeneous in terms of patient characteristics, 
assessment modalities, treatment planning and delivery 
techniques [8, 14–25]. Moreover, in most cases the avail-
able analyses have a small sample size.

To the best of our knowledge, this is the largest series 
on SBRT/SRS treatments of nodal metastases. In fact, the 
present study included 253 nodal recurrences from 181 
patients undergone stereotactic irradiation over a period 
of 15 years. Our findings are in line with the available 
literature, particularly in terms of long-lasting local con-
trol (2-year LC: 81.6%), and PFS (2-year PFS: 34.9%). 

Most recorded side effects were mild and more than half 
of patients did not experience any toxicity.

The PET-CT overall and complete response rate reached 
92.5% and 76%, respectively. These findings are slightly 
higher than those registered with morphological imaging 
and those reported in other series [8, 13]. Different imaging 
modalities have different diagnostic sensitivity which could 
influence the results. For example, Trippa and colleagues 
in their paper on SBRT for lymph node relapse in ovarian 
cancer reported the highest rate of CR (100.0%) using 18F-
FDG PET-CT [21], while Scorsetti and colleagues recorded 
the lowest CR (0.0%) using CT [38].

Among clinical and treatment parameters, only 
female gender, ECOG 0–1 and PTV ≤ 24.4 cc resulted as 

Table 4  Univariate and 
multivariate Cox regression 
analysis of variables predicting 
Local Control (LC) on “per 
lesion” basis

*6 missing
PTV Planning Target Volume, BED Biological Effective Dose, CI Confidence Interval

Variable N Univariate Multivariate

Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

253
Age, years
 ≤ 67 124 0.950 0.532–1.696 0.863
 > 67 129 1

Gender
 Male 127 0.845 0.472–1.511 0.569 – – –
 Female 126 1

ECOG
 0–1 231* 3.968 1.745–9.026 0.001 1.574 0.601–4.121 0.356
 2–3 16 1 1

Total dose, Gy
 ≤ 35 168 0.942 0.485–1.830 0.860
 > 35 85 1

Dose/fraction, Gy
 ≤  8 156 1.127 0.623–2.039 0.693 – – –
 > 8 97 1

BEDα/β 10, Gy
 ≤  59.5 143 0.978 0.540–1.770 0.941
 > 59.5 110 1

BEDα/β 10, Gy
 ≤  70 158 1.024 0.543–1.932 0.941
 > 70 95 1

PTV,  cm3

 ≤  24.4 127 1.768 0.975–3.205 0.061 1.146 0.584–2.249 0.692
 > 24.4 126 1 1

RT technique 0.792–2.787 0.218
 SBRT 202 1.485
 RCH 51 1

Clinical response
 Complete 179 7.518 3.927–14.393 < 0.001 6.504 3.172–13.336 < 0.001
 Not complete 74 0.234 1
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independent predictors of CR. Indeed, different predictive 
models and nomograms have been published in different 
scenarios in order to help clinical decisions [13, 39–42]. 
In this trial, an easy tool aimed to predict the rate of com-
plete response was provided as a result of data analysis (Fig. 
S1). The independent favourable role of lower tumor vol-
ume in predicting CR has been already reported by other 
studies [8, 43]. Moreover, it should be noted that our target 
volumes were slightly smaller compared to Jereczek-Fossa 
et al. series (median PTV: 29.1 cc) [8] or Alongi et al. series 
(median PTV: 56.7 cc) [43] and this could explain the higher 
response rates recorded in our analysis.

As far as the LC rate is concerned, the favorable perfor-
mance status (ECOG 0–1), probably related to the possibility 
to perform other subsequent systemic treatments, seems to 
act as a major driver in LC, as well as the achievement of 
a complete response that impacts on LC rate, as showed in 
univariate and multivariate analyses. In the present series, 
SBRT treatment provided a high and durable LC rate (2-year 
and 3-year rate: 81.6% and 76.0%, respectively) in line with 
other studies: in fact, we were able to find 11 studies [9, 12, 
14–22] reporting two-year LC with a median of 77.8% and a 
range of 63.1–90.6% and only 4 studies reporting three-year 
LC, with a median of 77.5% and a range of 64.3–90.6% [8, 
15, 22, 23, 43, 44]. In particular, in a series of 25 patients 
with nodal recurrences from prostate cancer treated with 
SBRT, Casamassima et al. reported a 3-year LC rate of 90% 
[15], while, in the largest published series on SBRT treat-
ment of solitary lymph node metastasis from different pri-
mary tumors, Jereczek-Fossa et al. found a 3 years—LC rate 
of 64% [8] suggesting that long-term results are affected by 
histology and other systemic therapies. In contrast to other 
more recent published studies investigating the SBRT in 
parenchymal metastasis [45, 46], our findings in nodal dis-
ease show that LC is not influenced by BED. This is prob-
ably due to the reported high local control that could be 
explained by the histological nature of lesions treated. In 
fact, it is known that lymph node and parenchymal metasta-
ses show different response rates [13].

Despite the encouraging LC rate, in our series the PFS 
remains low (2-year and 3-year actuarial PFS rates: 34.9% 
and 25.7%, respectively). In literature, eight [9, 12, 14–17, 
19, 24] and two studies [12, 15] reported 2-year (median 
34.4%; range: 17.0%–72.7%) and 3-year (17.0% and 22.5%) 
PFS analyzed with an actuarial method, respectively. The 
worst result (median PFS: 9 months, 2-year PFS: 17%,) 
was reported by Franceschini and coll. who treated thoracic 
nodal metastases using SBRT (30–60 Gy in 5–8 fractions) 
[24]. The best result (2-year PFS: 72.7%) was recorded by 
Franzese et al. who treated abdominal-pelvic nodal metasta-
ses with SBRT (45 Gy in 6 fractions) [16]. This large vari-
ability suggests to combine SBRT with systemic therapies 
in order to improve outcomes. Therefore, prospective studies 

about the optimal combination between therapies in different 
settings (primary tumor, number of lesions, previous treat-
ments and outcome) are required. Moreover, mostly when 
micro-metastasis in neighbouring lymph nodes are sus-
pected, the association of ablative high dose radiotherapy 
and extended nodal irradiation with conventional fractiona-
tion could be an option to take into account.

A quite favourable toxicity profile was recorded in our 
series, allowing us to consider SBRT technique as cost 
effective. In fact, even if all SBRT treatments were deliv-
ered with a “consecutive days” schedule, which elsewhere 
was reported to be more toxic than an “every other day” 
treatment [44], in our series no grade 3 acute toxicity was 
registered, and more than half of patients did not experience 
any toxicity at all. Moreover, no late severe toxicity was 
observed, notwithstanding previous medical and surgical 
cancer treatments, as per patients’ characteristics. This find-
ing is a further confirmation of the safety of this technique, 
also in unfit settings, likely due to the large use of intensity 
modulated radiotherapy techniques and to the small target 
volumes both likely explaining the high tolerability regis-
tered in our series.

The strengths of our analysis included the large numbers 
of treated lesions with lengthy patient’s follow-up, while the 
weaknesses include the inhomogeneous patient population 
in terms of primary tumors, being some histological types 
probably more amenable to oligometastases radical treat-
ment than others [3]. Also, as we selected the patients from 
two different dose escalation protocols started in 2003, the 
specific patient cohorts (i.e., gynecologic cancer patients, 
prostate cancer patients, gastrointestinal cancer patients, 
etc.) represent smaller subgroups that did not provide us 
with the statistical power to perform sub-analysis. Further-
more, the change in baseline imaging throughout the long 
accrual period has to be acknowledged; indeed, CT and 
MRI were more used in the early years of the study, while 
PET-CT imaging became available in our center only later. 
Finally, another weakness is represented by the range of 
doses utilized in our trial, sometimes providing a relatively 
lower biologically effective dose compared with other stud-
ies [8]. Therefore, we are unable to draw firm conclusions 
about the best fractionation or the total dose to be preferred. 
Surely, according to a very recent paper on ovarian cancer, 
lymph node lesions show a higher responsiveness compared 
with parenchymal disease, and this behaviour has been men-
tioned in the literature [13], but a comprehensive evaluation 
of this issue is still lacking. In conclusion, our large pooled 
analysis confirms the efficacy and safety of SBRT/SRS in 
patients with nodal metastases and identifies clinical and 
treatment variables able to predict complete response and 
local control rate. Due to the lack of optimal SBRT/SRS 
schedules as well as standard criteria to identify the patients 
who can benefit most from this treatment, the development 
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of predictive models seems today more than ever useful and 
justified.
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