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Abstract

Purpose: We report both the control and the toxicity of Stereotactic Body 
Radiotherapy (SBRT) therapy in a series of oligometastatic cancer patients with 
Retroperitoneal lymph Node (RPLN) involvement.

Methods: This is a retrospective review of a prospective database. Eligible 
patients for review received SBRT to metastatic RPLN. 26 patients with RPLN 
failure (median age: 61, 3 males) were treated with SBRT. Treatment was to an 
isodose line (median: 65%). Median dose was 27.5 Gy (range: 15-54 Gy) and 
median fractions were 5 (range: 3-5). 

Results: 26 patients were analyzed with a median follow-up of 13 months 
and 22 months for surviving patients. 16 patients (61.5%) had distant cancer 
recurrence after SBRT, while 5 patients (19.2%) had a local recurrence at the site 
of SBRT. Six patients (23%) had grade 2 toxicities, including nausea/vomiting, 
constipation, and abdominal pain. There were no grade 3 or higher toxicities and 
no late toxicities. Overall survival was improved in patients with distant control 
(median survival for patients with distant failure was 430 days versus 845 days 
for patients without distant relapse, P < 0.047). Higher Biological Equivalent 
Dose (BED) predicted for improved local control (P < 0.027), we did not find any 
local failures with a BED-10 greater than 50 Gy. 

Conclusion: SBRT in the treatment of RPLN recurrences is safe and 
effective. We recommend treatment to a dose greater than BED-10 50 Gy, our 
preferred dose regimen is 35 Gy in 5 fractions. Improved distant control was 
associated with an improved OS in this series. 
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The effectiveness and use of SBRT in patients with metastasis 
to RPLN has not widely been reported in the literature. Bignardi et 
al. [8] reported on 19 patients with unresectable RPLN treated with 
SBRT (45 Gy in 6 fractions) and found local control in 17 patients, 
11 patients with progression at distant sites, and limited toxicity. 
Jereczek-Fossa et al. [9] reported on 69 patients with a single RPLN 
treated with SBRT (median 24Gy/3 fractions) and found 75.3% in-
field control. 49.3% of patients had no toxicity at all and 2 patients 
had grade 3 acute toxicity (genitourinary) and one patient with late 
grade 4 toxicity (hemorrhagic duodenitis and duodenal substenosis).

The purpose of this study is to explore both the effectiveness and 
toxicity of SBRT in patients with oligometastasis to RPLN. 

Methods and Materials
This is a retrospective review of a prospective database (IRB 

EX-1094). All patients signed consent to allow data collection on 
this database. Patient treatments and background information were 
prospectively collected while other information (patterns of failure, 
late toxicity, survival) was retrospectively gathered. Patients eligible 
for this review had SBRT treatment to a RPLN at our institution 
between 1/1/2009 and 9/1/2013. The database consisted of a total of 
867 patients. Of these, 29 patients met eligibility criteria (treatment 
to RPLN), 3 patients were excluded for missing data leaving 26 
patients eligible for this analysis. Median age was 61 years, 10 patients 

Abbreviations
BED: Biological Effective Dose; GTV: Gross Tumor Volume; 

Gy: Gray; KPS: Karnofsky Performance Status; OS: Overall Survival; 
PTV: Planned Tumor Volume; RPLN: Retroperitoneal Lymph Node; 
SBRT: Stereotactic Body Radiotherapy

Introduction
Aggressive treatment for patients with limited metastatic disease 

(oligometastatic) is an ongoing area of research. Multiple studies have 
found that a subset of patients with oligometastatic disease will remain 
disease free on long-term follow-up. In a majority of these studies, 
evidence has shown that local therapy may even be curable for a 
subset of patients with local metastasis [1,2]. For example, D’Angelica 
et al. [1] found that some patients who underwent surgical resection 
for liver metastasis from colorectal cancer could remain disease free 5 
years after local treatment.

One of the common methods for treating oligometastatic sites 
is Stereotactic Body Radiotherapy (SBRT), which entails high dose 
radiation with sub-centimeter precision. SBRT has been shown to 
be effective in the treatment of oligometastatic disease in several 
body sites including lung [3,4], liver [5,6], adrenal gland [7] and 
Retroperitoneal Lymph Nodes (RPLN) [8,9]. While not the most 
common site for oligometastatic disease, RPLN can be a site of distant 
failure, especially for cancers in the pelvis.
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had gynecologic primaries, 3 patients were male, and the majority 
of patients had previous treatment including 15 with previous 
chemotherapy, 13 with previous radiation and 20 with previous 
abdominal surgery. Characteristics of analyzed patients are in (Table 
1). 

Toxicity was scored using the Common Terminology Criteria 
for Adverse Events (CTCAE), version 4.0. Survival and failure were 
measured from the end of SBRT. Failure was defined as distant if the 
new site of metastatic disease occurred outside of the treated RPLN 
and local if there was progression of the treated RPLN. All treatments 
were performed on the CyberKnife SBRT system (Accuray, Sunnyvale, 
CA).All patients had CT simulation prior to SBRT. Gross Tumor 
Volume (GTV) was defined as actual gross disease as defined on CT 
scan and other imaging when available (for example, PET scan). A 
small margin was applied to the GTV to get a Planning Treatment 
Volume (PTV) and was typically 5mm in all directions, the PTV 
margin was physician dependent and some patients had smaller PTV 
margins. Spine tracking was used for treatment tracking (fiducial 

markers were not used). Most treatments were every other day. Dose 
constraints were placed on small bowel, spine; spine dose was limited 
to 28 Gy in 5 fractions and 18 Gy in 3 fractions, small bowel dose 
limits varied depending on treating physician. The median number of 
fractions was 5 (range: 3-5) and the median dose was 27.5 Gy (range: 
15-54 Gy). Treatment was to an isodose line (median: 65range: 54-
94). We calculated the Biological Effective Dose (BED) using the 
formula:

dBED=D 1+
á â

 
 
 

 

Using α∕β of 10 for acute responding tissue (cancer equivalent), 
D is total dose, and d is dose per fraction. Using this formula, the 
median BED-10 was 42 (range: 28-112). Treatment characteristics are 
in (Table 2). 

Statistics were performed using SPSS version 22 (IBM San 
Jose, CA). For survival Kaplan-Meier was used with log-rank test 
to compare between variables. Independent T test was used to 

Gender Number (%)

     Male 3 (11.5%)

     Female 23 (88.5%)

Previous radiation

     Yes 13 (50%)

     No 13 (50%)

Previous chemotherapy 

     Yes 15 (57.7%)

     No 11 (42.3%)

Previous pelvic- abdominal surgery

     Yes 20 (76.9%)

     No 6 (23.1%)

Tumor primary

     GU 2 (7.7%)

     GI 6 (23.1%)

     Breast 1 (3.8%)

     Lung 2 (7.7%)

    Sarcoma 1 (3.8%)

     Gyn 10 (38.5)

Other 4 (15.4%)

Other sites of metastatic disease at time of treatment 

     Yes 13 (50%)

     No 13 (50%)

KPS at time of treatment 

     70 3 (11.5%)

     80-100 14 (53.9%)

     KPS unknown 9 (34.6%)

Age

    Median 61

     Range 32-84

Table 1: Patient characteristics.

Number of fractions Number (%)

3 4 (15.4%)

4 1 (3.8%)

5 21 (80.8%)

Median 5

Radiation Dose (Gy)

15-20 5 (19.2%)

21-25 7 (26.9%)

26-30 8 (30.9%)

31-40 3 (11.5%)

>40 3 (11.5%)

Median 27.5 Gy

Isodose line

Median 65

Range 54-94

GTV volume (cc)

Median 30.1

Range 5.4-210.0

PTV volume (cc)

Median 65.4

Range 5.5-267.8

Small bowel dose (Gy)

Median 4.94

Maximum Dose (range) 10.4 -35.6

Radiation BED (a/b 10)

15-30 6 (24%)

31-45 8 (32%)

45-60 5 (20%)

>60 6 (24%)

Median 42

Table 2: Treatment characteristics.
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distinguish differences between means of continuous variables (such 
as radiation dose) and chi-squared test utilized to test significance 
between categorical variables. 

Results
Median follow-up for all patients was 13 months (range: 2.7 to 

40.1 months) with a median follow-up of 22 months for surviving 
patients. At last follow-up 11 patients were alive and 6 patients were 
alive and free of disease. Median Overall Survival (OS) for all patients 
was 845 days (Figure 1). We looked at multiple pre-treatment 
factors that could be associated with OS including age, Karnofsky 
Performance Status (KPS), primary type, previous chemotherapy, 
previous surgery, previous radiation, other areas of disease at time of 
treatment, time from initial diagnosis. None of these pre-treatment 
factors were significant for differences in OS. Post-treatment factors 
including radiation dose, BED dose, small bowel dose, local failure, 
distant failure, treatment volume, post-treatment chemotherapy were 
examined. Significant factors for worse OS included distant failure 
(p< 0.047) (Figure 2), none of the other factors were significantly 
associated with changes in OS although post-treatment chemotherapy 
had a trend towards improved OS with a median OS of 796 days for 
patients receiving post SBRT chemotherapy and 501 days for patients 
that did not receive post SBRT chemotherapy (p = 0.125). 

Sixteen patients (61.5%) had distant progression of their cancer 
following SBRT therapy. Multiple variables were examined in relation 
to distant failure. There was a worse OS in patients with distant 
progression (Figure 2), median survival for patients with distant 
failure was 430 days versus 845 days for patients without distant 
relapse (P < 0.047).The only other statistically significant factor 
was the use of chemotherapy post SBRT. The use of chemotherapy 
following SBRT was shown to reduce the rate of distant progression 
(p < 0.008). 

Five patients (19.2%) had local failure as defined by progression 
of treated RPLN. There was no association between local failure and 
OS. Patients with local failure had a median radiation dose of 27.5 
Gy (range: 25-30 Gy) while patients without failure had a median 
dose of 25 Gy (range: 15-54 Gy). The BED-10 dose for patients with 

failure was 37.5 (range: 28-48) and for patients without local failure 
45 (range: 19.5-126). We did not have any local failures with BED-10 
greater than 50. Using an independent T test, BED-10 was statistically 
significant (p< 0.027) predictor for local failure with higher BED-10 
associated with decreased local failure rates. 

The median GTV volume was 30.1 cc (range 5.4-210.0). Median 
PTV volume was 65.4cc (range: 5.5-267.8cc). There was a trend for 
improved local control for lower PTV and GTV volumes. Median 
PTV volume for patients with local failure was 163.0 cc (range 34.0 to 
267.8 cc) versus 80.3 cc (range 5.5 to 239.0) for patients without local 
failure (P = 0.061). Median GTV volume for patients with local failure 
was 112.7 cc (range 12.0 to 195.4 cc) and 52.3 cc (range 5.4 to 171 cc) 
for patients without local failure (p = 0.08). There was no trend or 
association between distant failure and PTV or GTV. 

Using the CTCAE, only 6 patients had acute toxicity. All 6 had 
acute grade 2 toxicities that included nausea, vomiting, constipation, 
and abdominal pain. There was no correlation between radiation 
dose, bowel median or maximum dose, BED dose, and toxicity. In the 
remaining 20 (76%) patients, no toxicities were reported. There was 
no late toxicity. The organs at risk for treatment included small bowel 
and spinal cord. The spinal cord limit was 28 Gy in five fractions 
and 18 Gy in 3 fractions, none of the patients had a spinal cord dose 
exceeding this limit. Median small bowel dose was 4.94 Gy(range: 
3.7 to 11.3) and the median maximum small bowel dose was 23.8 
Gy (range 10.4 to 35.6 Gy).There was no relation between treatment 
volume (GTV and PTV), radiation dose, BED dose, small bowel dose, 
and acute toxicity. 

Discussion
The treatment of oligometastatic disease is an area of on-

going research. There are multiple available reports (retrospective 
and single arm prospective) that show a subset of oligometastatic 
patients that do very well with aggressive treatment to all sites of 
disease. The biggest question, which is whether any patients benefit 
from aggressive therapy to oligometastatic disease, has never been 
addressed in a randomized trial, but there are some comparative 
effectiveness studies that show a benefit to aggressive therapy for 
oligometastatic disease. A report from MD Anderson [10] looked at 

Figure 1: Kaplan-Meier survival (all patients).
Figure 2: Kaplan-Meier survival (stratified by distant control).
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propensity matched patients who had comprehensive local therapy 
to oligometastatic disease versus similar patients who did not have 
aggressive local therapy and found improved overall and progression-
free survival for patients with aggressive local therapy. 

Until level one evidence for aggressive local treatment for 
oligometastatic disease is available it becomes important to use 
the evidence available in order to determine the best methods for 
oligometastatic treatment. The purpose of our report was to analyze 
treatment of RPLN oligometastatic disease. We found the treatment to 
be very well tolerated with minimal toxicity. Acute toxicity was mainly 
gastrointestinal in nature (grade 2 in 6 patients), and we did not have 
any late toxicity. Our control rates were very good with an overall 
control of 80.7% and no local failures for patients with radiation dose 
BED-10 greater than 50.Most of the treatment failures were distant 
and, perhaps not surprisingly, distant failure was correlated with a 
worse overall survival (Figure 2). It is also not surprising that use of 
chemotherapy post SBRT resulted in reduced distant recurrence, as 
more chemotherapy and targeted therapy agents become available 
more patients are likely to be candidates for some type of systemic 
therapy, likely making local control more important.

Our results agree with the limited data that has been published on 
SBRT for RPLN [8,9]. Bignardi et al. [8] described SBRT treatment 
of 19 patients with RPLN treated to 45 Gy in 6 fractions (BED-1078 
Gy) and found 2 local failures in 19 patients and low rates of toxicity. 
Jereczek-Fossa et al. [9] also reported low toxicity rates and high 
control rates in 69 patients treated with SBRT (median dose 24 Gy 
in 3 fractions, BED-10 43.2) for RPLN. This group found 49.3% of 
patients to have no toxicity and 1 year local control of 81.6%. While 
Jerezcek-Fossa et al. did not find any relation between dose and 
control rate they did find that GTV volume was inversely correlated 
with local progression. While we did not find a statistically significant 
association between volume and local control but did note a strong 
trend in that direction, it is likely that with larger numbers this would 
have reached significance. SBRT results in treating RPLN show 
similar control rates to conventional radiation but with much less 
acute toxicity [11,12].

Obvious limitations of this study include the small number of 
patients and heterogeneous nature of the treatments. Also, some of 
the information was retrospectively obtained (such as toxicity) which 
is always subject to error. We feel that this report can help further 
improve treatments for oligometastatic patients with RPLN. Patients 

considering this treatment option can be told that treatment has 
minimal toxicity but should also be told that they have a high rate of 
distant failure. We recommend a radiation dose with greater than 50 
BED-10, such as 35 Gy in 5 fractions. 
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