
Abstract. Aim: The aim of this study was to evaluate the
efficacy and toxicity of stereotactic body radiation therapy
(SBRT) in the treatment of patients with adrenal metastases
in oligometastatic non-small-cell lung cancer (NSCLC).
Patients and Methods: Between November 2012 and May
2015, fifteen patients with oligometastatic non-small cell
lung cancer and adrenal metastases were treated with the
Cyberknife® system. The primary endpoint was local control.
Results: The 1-year and 2-year local control rates were 60%
and 46.6%, respectively. The differences in local control for
patients with metachronous and synchronous metastases
reached statistical significance (p=0.00028). Two-year
overall survival of 91.2% for patients with metachronous
metastases was also more favourable compared to patients
with synchronous adrenal metastases with 42.8%.
Conclusion: Extracranial stereotactic radiotherapy with the
Cyberknife® is a safe and non-invasive technique that
extends the therapeutic spectrum in the treatment of patients
with adrenal metastases in oligometastatic NSCLC.

The adrenal gland is a frequent localization of metastases
from various cancers. The incidence of these metastases
from autopsies ranges between 13-35% (1). Lung cancer is
the second most common site of origin (2). Oncological
management contains a diversity of treatment options such
as, surgical resection, local ablative treatments (3-5), chemo-
embolization or palliative chemotherapy, which remains
standard for most patients with metastatic disease (6). 

Several studies have demonstrated prolonged survival
after an adrenal metastasectomy in selected patients with
isolated adrenal metastases. A pooled analysis of more than
600 patients showed a 2-year overall survival (OS) for
patients undergoing adrenalectomy for adrenal gland
metastases of 46% (7). In the past, fractionated radiation
therapy has been widely used with and was mainly
considered as a symptomatic palliative treatment option (8,
9). The development of stereotactic body radiotherapy
(SBRT) and the improved understanding of oligometastatic
disease, as a biologically distinct entity led to a paradigm
shift in the role of radiotherapy for the treatment of patients
with one to five distant metastases (10-13). In those patients
local therapies are considered as a reasonable option to
prolong progression- free survival. 

Stereotactic radiosurgery (SBRT) allows for local
application of high biologically effective doses (BED) with
steep dose gradients towards the surrounding normal tissue
using a single or limited number of dose fractions causing low
toxicity (14). Usually, SBRT provides much higher BEDs
compared to conventional treatments and has been used as a
non-invasive alternative to the standard of care in highly
selected patients (15, 16). Especially patients with
oligometastatic disease benefit from local treatment modalities
that allow long-term local control (17). There is increasing
evidence that lung cancer patients with oligometastases benefit
from aggressive local therapies, in the form of SBRT or
surgery, with better outcomes and prolonged survival (18).
Compared to surgery, a matched pair analysis including 62
patients has shown that there was no significant difference of
outcome and survival after SBRT and laparoscopic
adrenalectomy in patients with isolated adrenal metastases (19). 

For SBRT in patients with adrenal metastases, 1- and 2-
year local control (LC) rates range from 44-100% and from
27-100%, respectively. In most of the studies a 1- and 2-year
LC of >70% could be achieved (20-22). As for primary
NSCL, there is a dose- response relationship. Publications
who reported on BEDs >85 Gy showed an even better 2-year
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local control of at least 90% (23, 24). Patients with
oligometastatic metachronous disease with a progression free
interval of at least six months showed better outcomes with
a mean overall survival of 44 months (25) and one year OS
of >90%, respectively (26). 

Generally, SBRT of adrenal metastases is well tolerated.
Mostly, grade 1-2 gastrointestinal toxicity is reported.
Duodenal ulcers were reported after BED to the tumor of 60
and 72 Gy, respectively, indicating the questionable validity
of dose-volume-parameters (25, 26). The incidence of
symptomatic adrenal insufficiency seems to be low (27). One
clinical case of adrenal insufficiency after SBRT for bilateral
adrenal metastases has been reported (28).

Normal tissue tolerance and precise, continuously tumor
motion tracking remain substantial aspects when delivering
high ablative doses of radiation. Katoh et al. demonstrated
that adrenal glands can move to all directions (29).
Therefore, protecting critical organs surrounding the adrenal
gland requires an effective way of tumor tracking. We used
an image-guided robotic radiotherapy system, which is
capable of analysing and adjusting tumor motion as well as
breathing patterns of the treated patients. 

This study reports on our single-institution outcome after
robot-based SBRT of adrenal metastases from
oligometastatic non-small cell lung cancer with one of the
largest homogenous collective of patients in terms of
fractionation schedule and clinical stage at time of treatment.

Patients and Methods

Patients characteristics. Consecutive eligible patients with adrenal
metastases were selected to be included in this study under
following inclusion criteria: a) patients of any age b) the presence
of oligometastases (1 to 5 lesions) from histologically-proven non-
small cell lung cancer c) unilateral adrenal metastasis, which was
confirmed after biopsy of an interventional radiologist or by clinical
diagnosis d) contraindication to surgical treatment due to poor
general condition or restricted heart and lung function e) a
Performance Status >60% (Karnofsky score) f) stable disease
concerning the primary g) no previous in-field radiation. Treatment
response was assessed using the Response Evaluation and Criteria
in Solid tumors 1.1 (30), while toxicity was evaluated with the
Common Terminology Criteria for Adverse Events v4.0 criteria.
Based on prior surgical and radiooncological studies that showed
improved treatment response rates dependent on disease-free
interval, defined as the time from diagnosis of non-small cell lung
cancer to diagnosis of adrenal metastasis, we determined adrenal
lesions as either synchronous or metachronous. Synchronous
metastases were defined as such, if they were diagnosed ≤6 months
from time of original diagnosis and metachronous after six months
from original diagnosis. Seven patients had synchronous metastases
and eight patients had metachronous adrenal metastases. Patient
characteristics are summarized in Table I. Patients treated between
November 2012 and May 2015 were included in the analysis, and
medical records of patients with adrenal metastases from
oligometastatic non-small cell lung cancer were retrospectively

reviewed. Fifteen patients with metastatic adrenal lesions were
treated in six fractions up to a total dose of 42 Gy with the SBRT
CyberKnife® system. 

Treatment. Radiotherapy was delivered by using the CyberKnife®,
a stereotactic radiation therapy system consisting of a 6-MV photon
medical accelerator mounted on six degrees of freedom robotic arm
with integrated real time image-guidance. The beams are formed
either by fixed collimators or a motor-driven device, the opening
ranging from five up to 60 mm. Two X-ray imaging cameras are
mounted with their beams at a 90-degree angle around the patient
and allow continuous execution of x-ray images and registration of
these to digitally reconstructed radiographs provided by the treatment
planning system. This registration uses either bony structures (6D
Skull, Xsight®Spine) or fiducial markers (Fiducial) or, in the case of
lung, the tumor itself (Xsight®Lung). In a first step, this information
is used to position the patient via couch movement. During
treatment, this target locating system facilitates the repositioning of
the robotic arm to compensate for displacements up to 10 mm with
a resolution of 0.1 mm. To manage respiratory motion, the X-ray
images are combined simultaneously with the breathing pattern of
the patient which is derived from the movement of LEDs positioned
on the patient’s chest (Synchrony®). Radiation treatment was
planned using CT-based 3-D planning software (Accuray Multiplan
4.5 and 4.6) after prior performance of a computer tomography with
1 mm slice thickness and positioning of the patients in a vacuum
mattress. The adrenal lesions visible on planning CT were taken as
the gross tumor volume (GTV). GTV was expanded by 4 mm to
create the planning target volume (PTV). The dose of 7 Gy per
fraction was prescribed to an isodose line of 65%. The consistent
fractionation was six fractions of 7 Gy for all fifteen patients, who
were treated in this series. Treatment was delivered in a median
treatment time of 14 days (range=11-18 days), with a treatment
session on each other working day.

Follow-up. Follow-up included physical examination and treatment-
related anamnesis and was performed first at 6 weeks after
completion of treatment and subsequently every 3 months for 2
years. Abdominal CT with i.v. contrast medium was performed with
each 3-month visit. Treatment response was evaluated using the
RECIST 1.1 criteria by the attending radiation oncologist after
review by at least one radiologist. In accordance to these criteria,
complete response (CR) was defined as complete disappearance of
tumor volume or only remaining fibrosis, partial response (PR)
determined as tumor shrinkage of at least 30%, stable disease (SD)
as no quantifiable difference and progressive disease (PD) as a
tumor increase of at least 20 %. Local control was defined as CR,
PR or SD during follow-up imaging. Acute toxicity was evaluated
with the CTCAE v4.0. Pain relief and need for analgesics were
documented.

Statistics. Survival and local control rates were calculated from the
time of initiation of SBRT using the Kaplan-Meier method.
Differences in overall survival, local control and disease-free
survival were evaluated using a log-rank test. p-Values ≤0.005 were
considered statistically significant. The primary endpoint was local
control, defined as no growth of the treated lesion. Distant failure
was defined as failure outside of the treated adrenal gland.
Furthermore, disease free survival was determined as progression
of an existing target lesion, appearance of new lesions within the
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same organ, distant relapse or death due to cancer. All statistical
analyses were performed using IBM SPSS version 21.

Results

Patients characteristics. Fifteen patients (8 males, 7 females)
were treated between November 2012 and May 2015 at the
University Hospital of Cologne. The median age at time of
treatment was 70 years (range=54-84 years). Histological
classification of treated patients was adenocarcinoma in ten
patients, squamous cell carcinoma in three patients and giant
cell carcinoma in two cases. The median time from adrenal
metastases diagnosis to CyberKnife® treatment was 2.36
months (range=1.25-4.5 months). Thirty-three percent (5
patients) received prior chemotherapy within the last six
months, whereas six patients (40%) received more than three
cycles of chemotherapy regimen prior to SBRT. Nine
patients (60%) of the treated oligometastatic patients had one
up to three metastatic lesions, whereas six patients (40%)
presented with four up to five metastatic lesions at the start
of SBRT. None of the treated patients had received prior
radiotherapy. Treatment characteristics are shown in Table II. 

Treatment characteristics. All treated patients received a total
nominal dose of 42 Gy in six fractions using the CyberKnife®
treatment system. Median overall treatment time was 14 days
(range=11-18 days). Consequently, the biologically equivalent
dose (BED) was consistently 71.4 Gy with an alpha/beta ratio
of 10 Gy for the tumor used to calculate it. Treatment dose of
7 Gy was administered to a median prescription isodose line

that covered 68.7% of the PTV with median GTV coverage of
98.5%. Median gross tumor volume treated was 36.14 cm3
(range=11.17-88.43 cm3) and median planning tumor volume
treated was 74.45 cm3 (range=37.4-137.29 cm3). Critical
organ dose constraints are detailed in Table III.

Treatment response. Median follow-up was 24 months
(range=8-48 months) and evaluation of RECIST-based two-
dimensional response was carried out based on an abdominal
CT that was performed after a minimum period of 3 months
after completion of CyberKnife® SBRT. Complete response
was observed in no patient, partial response in eight patients
and stable disease in one patient. Six patients showed
progressive disease after RECIST-based assessment,
resulting in a response rate (CR+PR) of 53.3%. All patients
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Table I. Patients characteristics.

Variable                                                                                       N (%)

Median Age, years (range)                                                     70 (54-84)
Gender                                                                                              
   Male                                                                                         8 (53)
   Female                                                                                     7 (47)
Median Karnofsky Performance Score (range)                    80 (60-100)
Histology N (%)                                                                              
   Adenocarcinoma                                                                    10 (67)
   Squamous cell carcinoma                                                       3 (20)
   Giant cell carcinoma                                                               2 (13)
   Giant cell carcinoma                                                                    
Time (months) from diagnosis to SBRT                                       
   Median                                                                                       2.3
   Range                                                                                      1.2-4.5
Prior chemotherapy within 6 months                                       5 (33%)
More than 3 cycles chemotherapy prior to SBRT                  6 (40%)
Status of oligometastatic disease                                                    
   Controlled primary, adrenal metastasis only                       9 (60%)
   Controlled primary, adrenal + others*                                 6 (40%)

*Other metastases (≤5 in total).

Table II. Treatment characteristics and dose constraints.

Feature                                                                     Value

Dose (Gy)                                                                   42
Fractions (n)                                                                6
Fraction size (Gy)                                                       7
BED10                                                                      71.4
GTV (cm3)                                                                   
   Median                                                                   36.1
   Range                                                                 11.1-88.4
PTV (cm3)                                                                    
   Median                                                                   74.4
   Range                                                               37.4-137.2
Used Monitor Units                                                     
   Median                                                                 49983
   Range                                                            42,371-71,148
Beams                                                                           
   Median                                                                  402.5
   Range                                                                  397-406
Isodose line (%)
   Median                                                                   68.7
   Range                                                                    65-73

GTV, Gross tumor volume; PTV, planning target volume; Gy, gray.
BED10, biological equivalent dose for an alpha/beta ratio of 10.

Table III. Critical organ constraints.

Organ                                                             Constraints

Ipsilateral kidney                                        V20 Gy ≤40%
Bilateral kidney                                          V15 Gy <33%
Spinal cord                                                   Dmax <27 Gy
Stomach/duodenum                                     0.5cc <30 Gy



with progressive disease had synchronous adrenal metastases
within ≤6 months from time of first diagnosis. 

Palliative response. Three out of fifteen patients had
symptomatic adrenal metastases prior to SBRT, which were
rated as moderate on the visual scale (≤5). Cyberknife®
treatment was applied for the remaining twelve
asymptomatic patients within the scope of radiooncological
management of oligometastatic disease with solitary
progression of adrenal metastases. Two of the symptomatic
patients experienced significant pain relief, while one patient
achieved moderate symptomatic palliation. Response was
associated with decreased usage of analgesics. 

Local control and patient survival. The 1-year and 2-year
Kaplan–Meier local control at a median follow-up of 24
months was 60% and 46.6%, respectively. The median local
control was 11 months. The median post-therapy overall
survival rates at one and two years were 93.3% and 66.6%,
respectively with a median overall survival of 17.3 months.
Disease-free survival 1-year and 2-years after completion
of SBRT was 60% and 46.6%, respectively. The median
disease-free survival was 10.5 months. All the deceased
patients (n=5) died of progressive distant metastatic
disease. 

Patients with metachronous adrenal metastases (i.e.,
diagnosed after six months from original diagnosis) had
statistically significant better outcomes regarding local
control, overall survival and disease-free survival compared
with the whole cohort including patients with synchronous
and metachronous adrenal metastases (Figure 1). The 1-year
and 2-year local control was constantly 87.5% compared to
14.2% and 0% for those with synchronous metastases
(p=0.00028). Median disease-free survival for patients with
metachronous metastases was 17.2 months in comparison
with 3.0 months for those with synchronous metastases
(p=0.0003). There was also a statistically significant better
outcome for the metachronous group regarding
Kaplan–Meier overall survival at 1-year and 2-years with
100% and 91.2 %, respectively by contrast with 85.7 % and
42.8 % for the synchronous group (p=0.05). A median
overall survival of 20.3 months was observed for patients
with synchronous metastases, whereas 13.5 months were
analysed for patients with adrenal metastases diagnosed ≤6
months from time of original diagnosis. 

In summary, eight patients presented local failure of the
treated adrenal metastases in the further course of follow-up.
At the end of follow-up analysis, five of all treated patients
died. No death was related to complications with adrenal
metastases. Progression of the primary disease, non-small
cell lung cancer, resulted into three cancer related deaths.
Two patients died of cerebral complications due to brain
metastasis. 
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Figure 1. Survival curves of metachronous and synchronous adrenal
metastases. a: Disease-free survival, b: local control, c: overall
survival.



Toxicity. No grade ≥3 early or late side-effects according to
CTCAE v4.0 were observed during SBRT or at the end of
follow up. Reported acute adverse effects included nausea
and loss of appetite in three patients that were treated
adequately with oral anti-emetics. Within a median follow
up of 24 months after completion of SBRT, no grade 3 or
higher late toxicities were observed. 

Discussion

The aim of this retrospective study was to evaluate the
efficacy of SBRT using the Cyberknife® system in the
treatment of oligometastatic NSCLC with adrenal
metastases. Our results demonstrated that SBRT using the
Cyberknife® can achieve local control without severe
toxicity for these patients and confirm findings of previous
studies about the beneficent role of SBRT for adrenal
metastases (20-26). Nevertheless, current studies existing on
SBRT of adrenal metastases are very heterogeneous in terms
of patient collectives and dose fractionation schedules, which
hampered efforts to define a uniform treatment regimen. We
therefore present our single-institution series with, as to our
knowledge, one of the largest homogenous series in terms of
patient selection (primary tumor, disease extension, clinical
stage) and treatment characteristics (dose and fractionation
schedule) after robotic SBRT of adrenal metastases from
oligometastatic non-small cell lung cancer. 

A recently published review from Ippolito et al. showed
that local control rates of adrenal metastases using SBRT
are promising, with rates ranging from 44% to 100% at 1-
year and 27% to 100% at 2 years (31). Our study coincides
with the published SBRT data demonstrating that this
treatment modality achieves good local control for all our
patients. We had 1-year and 2-year local control rates of
60% and 46.6%, respectively. However, when considering
our subgroups of metachronous and synchronous adrenal
metastases, we achieved considerably higher LC rates for
those patients with metachronous metastases with 87.5% at
1 and 2 years. Given the limited number of published
studies about SBRT of adrenal metastases, no significant
effect between LC and manifestation of metastases was
described yet. Although the patients in our study were far
more homogenous in terms of histology, primary cancer and
clinical stage at the time of SBRT, these results are
consistent with previous studies showing that general
outcome of patients with adrenal metastases, receiving
SBRT or in case of surgical studies adrenalectomy, may
depend on metastatic spread in terms of appearance from
time of original diagnosis (25, 26, 32). Further studies with
larger and more homogenous patient collectives are needed
to elucidate a possible correlation between local control and
a higher proportion of synchronous manifestation of
metastases. 

In addition, BED and, therefore, dose and fractionation
schedules seem to be important prognostic factors in terms
of local control (33). Previous studies about SBRT of
adrenal metastases showed a wide heterogeneity as for
chosen dose and fractionation schedules. Most studies used
hypofractionated SBRT with a nominal total dose range of
25-48 Gy administered in fractions of 3 up to 18
(BED=22.4-132, α/β=10), with a total number of 5 and 3
fractions delivered most commonly (in both cases 5/12,
41.6%). All our patients received a total nominal dose of 42
Gy in six fractions using the CyberKnife® treatment system.
Consequently, our BED was consistently 71.4 Gy (α/β=10)
and thus fits in well with dose and fractionation schedules
used in previous studies about SBRT of adrenal metastases.
Of note, CyberKnife® SBRT was applied in only two of the
considered studies, with a dose range of 13-36 Gy
(BED=29.9-79.2, α/β=10). Three fractions were most
frequently administered (10/23 treated lesions, 43%) (22,
33, 34). 

As for primary lung cancer, there is a proven correlation
between local control and the prescribed BED (35, 36). A
clear dose-response relationship has been observed also in
several studies about SBRT for adrenal metastases. Studies
that showed 1- year local control rates lower than 70% used
BEDs <60 Gy (21, 22, 37). In contrast, publications who
reported on BEDs >85 Gy showed considerably better 2-year
local control rates of at least 90% (23-25). In this context,
our results on local control are not consistent with observed
patterns of previous reports. Even though we applied a BED
of 71.4, our results on local control are inferior to hitherto
published studies about SBRT of adrenal metastases with 1-
year and 2-year local control rates of 60% and 46.6%,
respectively. Differences could be explained by our bigger
subgroup of patients with synchronous metastases (46.6%).
Local control rates of 87.5% at 1-year in our subgroup with
metachronous metastases, on the other hand, were excellent.
Guiou et al., for example, treated 10 adrenal metastases with
a portion of 50% of synchronous metastases. Local control
rates were 44% and 14% at 1- and 2-year, respectively (37).
Whereas in the study by Holy et al. patients with
metachronous, isolated metastases (72.2%) had a local
control of 77% after a median follow-up of 21 months (38).
Proper patients’ selection influences oncologic results.

The median overall survival after SBRT of adrenal
metastases ranged from 7-23 months, with 1- and 2-year
overall survival rates ranging from 39.7-90% and 13-53%,
respectively. Despite the high ratio of generally poor
prognostic features in our patients, such as advanced clinical
stage and high proportion of synchronous metastases, the
median overall survival of our patient collective with
adrenal metastases receiving CyberKnife® SBRT treatment
was 17.3 months with median post-therapy overall survival
rates at one and two years of 93.3% and 66.6%. These
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results are comparable with the rates previously reported for
patients with adrenal metastases from various primary sites
who received SBRT. Furthermore, our results agree with
those from the study conducted by Oshiro et al., who
reported of 19 patients with adrenal metastases from
NSCLC from which 11 were treated with SBRT. Improved
survival was found in patients with metachronous
metastases with 1- and 2-year overall survival rates of
83.3% and 55.6%, as opposed to patients with synchronous
metastases of 35% and 0% (25). The awareness for existing
subgroups of patients with a disparate prognosis is of crucial
importance in terms of patient selection and subsequently
further treatment decisions, especially for patients with
oligometastatic disease (40). 

There was no grade ≥3 or higher late toxicities in our
study. The most common acute toxicities were nausea and
loss of appetite during the treatment period. Oshiro et al.
reported one patient with grade 2 duodenal ulcers, who was
treated with a histamine-2 receptor antagonist (25). Holy et
al., as well had one patient with duodenal and one with
gastric ulcers (38). There were no SBRT-related grade 4
events in previous studies.

Due the fact that all current studies on SBRT of adrenal
metastases are retrospective observational studies, patients’
selection, therapeutic concepts and oncologic outcome differ
considerable. Since it has been unlikely to implement a
prospective study, retrospective data underlie the importance
of patients’ selection. Patients with prescribed BED>70 Gy
and metachronous disease may have a larger benefit from
CyberKnife® SBRT. Treatment response appears to be
satisfactory with SBRT and even excellent in our subgroup
of patients with metachronous adrenal metastases. We used
one fractionation scheme for all our patients. Our further
studies will investigate the effects of a higher BED (>85 Gy)
on local control in a homogenous patient collective. 

Conclusion

Overall, robotic SBRT is an effective treatment modality
with excellent local control rates and low toxicity for adrenal
metastases in patients with oligometastatic NSCLC. While
optimal dose is under discussion, additional studies and
shared data bases of different user with more distinct
characteristics in terms of patient selection, dose and
fractionation schedules should help to make summarizing
appraisals about the best use of SBRT for adrenal metastases.
Better outcomes of particular subgroups should also be
considered to define those patient collectives which benefit
most likely from SBRT. 
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