
Abstract. Background/Aim: Metastases involving the
adrenal glands can be treated surgically or with radiation
therapy. Retrospective studies indicate that radiotherapy for
this indication is safe, well-tolerated and associated with
symptom palliation and good local control. We conducted
this analysis to report on patterns and outcomes of patients
with adrenal metastases treated with hypo- or conventionally
fractionated image-guided radiotherapy. Patients and
Methods: Patients with adrenal metastases from solid tumors
treated at our department between 01/2010-12/2017 were
reviewed. A total of 22 lesions were treated in 18 patients
with a median dose of 35 Gy (20-60 Gy) in a median number
of 7 (4-25) fractions. Results: No grade ≥3 toxicity occurred.
Median overall survival was 11.9 months. Five local failures
occurred (22.7%). Lesion sizes or radiation dose were not
correlated with local control. Patients treated for
oligometastatic and oligoprogressive disease had a median
overall survival of 33 and 6.5 months, respectively
(palliative/polymetastatic: 1.6 months). Symptoms improved
in all patients treated for clinically apparent lesions.
Conclusion: Stereotactic radiotherapy of adrenal metastases
was safe and effective in patients with oligometastases or
oligoprogression. In palliative patients, short-course
radiotherapy complemented with supportive care should be
preferred. 

Metastases involving the adrenal gland can be observed
during the natural history of disease in different solid
malignancies, including renal cell carcinoma (RCC), non-
small cell lung cancer (NSCLC), colorectal cancer (CRC)
and prostate carcinoma, among others (1). Adrenalectomy in
selected patients is an effective local treatment with a local
control (LC) of 84% and a two-year overall survival (OS) of
46% in a recent meta-analysis (2). Peri-operative deaths
occurred in 0.75% of patients; however, the incidence of
other complications was not consistently reported in the
analyzed studies (2). Historically, conventional radiotherapy
has been performed mostly for symptomatic lesions with
pain improvements in 75% of patients (3). 

Since the description of an oligometastatic state by
Hellman and Weichselbaum in 1995, more and more patients
received ablative local therapy to metastatic or recurrent
malignancies of the adrenal gland (2, 4). Most authors
consider oligometastatic disease as a state of limited
metastases, typically 3-5 sites, which can be cured in some
patients by aggressive local therapy (5). The term
oligoprogression as a distinct state of disease has been
proposed to describe metachronous oligometastases (6).
Other authors defined oligoprogression as a limited number
of progressive lesions in a patient with otherwise stable
disease, irrespective of the total number of lesions (7).
Highly conformal radiotherapy techniques such as intensity-
modulated radiotherapy (IMRT) or stereotactic body
radiotherapy (SBRT) to adrenal lesions showed favorable
safety profiles in multiple studies reported on patients with
oligometastatic or symptomatic lesions (8). A systematic
review found no grade 3 or higher toxicities in a wide variety
of dose- and fractionation regimens. LC rates ranged from
44 to 100% at one, and from 27-100% at two years (8).
Rudra and coworkers analyzed a patient cohort consisting
only of patients with oligometastatic disease. The median OS
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in this favorable patient population was 17.3 months (9). In
patients with solitary lesions, analyzed by Holy et al., OS
was 23 months and progression-free survival (PFS) was 12
months, similar to surgical series (8, 10, 11).

In this study, we report on a mono-institutional series of
all patients treated with radiotherapy for adrenal metastases
at our Institution during the last eight years for
oligometastatic, oligoprogressive, or symptomatic disease. 

Patients and Methods

Patients. The study was approved by the ethics committee of
Heidelberg University, Medical Faculty Mannheim (2018-804R-
MA). In the present study, oligoprogressive disease was defined as
a limited number of progressive lesions (n≤3) in a patient with
otherwise stable disease, irrespective of the total number of
metastases (7). Oligometastatic disease was defined as a maximum
of 5 metastases with controlled or potentially controllable primary
tumor. All health records from January 2010 to December 2017
were screened for patients with adrenal metastases. 

Toxicity analysis. All irradiated patients were included in the
analysis of acute toxicity. Patients with at least one follow-up of 90
days or longer were included in the late-toxicity analysis. Grading
of adverse events was done using the Common Terminology Criteria
for Adverse Events (CTCAE), Version 4.0 (12).

Efficacy analysis. All patients were included in the OS, PFS, and
LC analysis. We used the interval from the beginning of
radiotherapy to the last follow-up visit or date of death for the
survival analysis. Time to local failure was calculated using the last
imaging of the irradiated lesion as the end date. Imaging of lesions
and follow-up visits may differ in some patients with long follow-
up because imaging was not mandatory in each follow-up visit. For
the LC analysis, the exact date of each irradiated lesion was used
as a start date for follow-up (to achieve a side-specific LC outcome
result). 

Radiotherapy. Treatment planning was based on computed
tomography in all cases. All patients were treated with volumetric
modulated arc therapy (VMAT). Computer-controlled Deep-
inspiration breath-hold (DIBH) was applied with ABC (Elekta AB,
Stockholm, Sweden), whenever patients were sufficiently able to
follow the commands and when sparing of normal tissues was better
compared to plans delivered in free-breathing techniques (n=18) (13).
Daily image guidance was performed with breath-hold cone-beam CT
(14). In 18 cases the dose was prescribed uniformly to the PTV and
normalized to the median. Non-uniform dose distribution as described
previously (15) was done in four patients. A typical dose distribution
is shown in Figure 1. Details on irradiated volumes, doses,
fractionations, biologically effective doses (BED), and equivalent
dose in 2 Gy fractions (EQD-2) are shown in Tables I and II.

Statistics. All statistical calculations were performed using SPSS (V
15.0), or “R”, a language and environment for statistical computing
that is available for free online (https://www.r-project.org/) (16).
Spearman’s nonparametric correlation coefficient was computed to
identify correlations between nonparametric variables. Differences
of nonparametric variables were computed using the two-sample

paired Wilcoxon test. Survival curves were calculated by using
Kaplan–Meier analysis, and differences were tested by Mantel–Cox
log-rank statistics. 

Results

From January 2010 to December 2017, a total of 18 patients
were treated for secondary adrenal cancers. In four patients,
both sides were treated for 22 treated lesions in total (right:
n=10, left: n=12). One patient received postoperative
radiotherapy after surgical resection with macroscopic
residual tumor (R2). Primary tumors were NSCLC in seven
(adenocarcinoma, n=4, squamous cell, n=2, large-cell, n=1),
sarcomas in three (angiosarcoma, myxoid liposarcoma, and
undifferentiated pleomorphic sarcoma, the latter
postoperatively), prostate, rectal, and small-cell lung cancer
(SCLC) in two cases each, one patient with hepatocellular
carcinoma (HCC) and one patient with melanoma (see Table
III for details).
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Table I. Individual patient data, dose to kidney and intestine.

Lesion             Prescribed   Mean dose       Mean dose        Maximum 
                         nominal    to ipsilateral   to contralateral         point
                            dose            kidney              kidney           dose small 
                       (fractions)          (Gy)                  (Gy)           intestine (Gy)

NSCLC-1       30 Gy (10)         7.7                   3.6                      31.1
NSCLC-2       60 Gy (12)         1.1                   1.7                      60.05§
NSCLC-3       39 Gy (13)       27.7±                 7.7                      37.7
NSCLC-4       35 Gy (5)           5.9                   0.8                      18.5
NSCLC-5       25 Gy (5)           5.8                   0.8                      14
NSCLC-6       39 Gy (13)         7.3                   0.7                      14.5
NSCLC-7       39 Gy (13)         4.1                   2.4                      12
SCLC-1          20 Gy (4)           4.7*1               1.3*1                  20.5
SCLC-2          20 Gy (4)           4.25*1             0.4*1                  20.7
SCLC-3          39 Gy (13)         5.7                   2.2                      35.8
Sarcoma-1      35 Gy (5)           8.1                   2.6                      33.2
Sarcoma-2      45 Gy (25)       15.2±                 2.4                      46.9
Sarcoma-3      39 Gy (13)       17.4±                 4.9                      38.4
Melanoma-1   60 Gy (5)           7.9*2               1.3*2                  38.41
Melanoma-2   35 Gy (5)           4.3*2               0.8*2                  36.2
Rectal-1          20 Gy (5)           4.6                   1.2                        5.8
Rectal-2          35 Gy (7)           7.5                   2.2                      34.1
Prostate-1       25 Gy (5)           1.8*3               0.3*3                  12.2
Prostate-2       36 Gy (12)         5.1*3               1.5*3                  37.8
Prostate-3       35 Gy (7)           5.1*4               0.4*4                  35.7
Prostate-4       35 Gy (7)           4.9*4               2.1*4                    9.4
HCC-1            60 Gy (12)       11.1                   2.2                      28.4

*1-4Indicates irradiation in one patient; therefore, doses to the ipsilateral
kidney have to be added to the contralateral dose of the contralateral
plan and vice versa. §Dose to 1ccm=43.568 Gy; 2.5ccm=34.37 Gy;
5ccm=28.91 Gy. ±Renal function tests had been performed for the
contralateral kidney before dose was applied. HCC: Hepatocellular
carcinoma; NSCLC: non-small-cell lung cancer; SCLC small-cell lung
cancer. 
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Figure 1. Dose distribution. Dose distribution of an inhomogeneous plan with a total dose of 35 Gy in seven fractions prescribed to the D95%. The
patient received a mean dose of 40.5 Gy to the PTV (range=30.8-50 Gy). Max point dose to the small bowel, the left, and the right kidney were
33.2 Gy, 8.6 Gy, and 42.8 Gy, respectively. 



Doses to organs at risk (OAR). Mean ipsilateral kidney dose
6.5 Gy (Mean EQD-2 (α/β=3); standard deviation (SD)=5.8
Gy). Three patients received doses above 15 Gy (27.7 Gy,
15.2 Gy, and 17.4 Gy; EQD-2 (for α/β=3) was 28.5 Gy, 11
Gy, and 15.1 Gy). The mean value for the maximum point

dose to the small intestine in all patients was 33.1 Gy (EQD-
2 for α/β=10, SD=17.9 Gy). 

The highest dose to the small intestine (D5cm3, including
duodenum) was 28.9 Gy in 12 fractions [EQD-2 (for
α/β=10)=31.3 Gy; EQD-2 (for α/β=3)=29.9 Gy]. Besides
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Table II. Individual patient data, dose parameters and local control.

Lesion                          Prescribed                    PTV, BED                    PTV, EQD-2                    GTV, BED                      Volume of                 Local 
                                         dose                         mean dose                      mean dose                      mean dose                      GTV (ccm)                failure§
                                     (fractions)                   (range) in Gy                 (range) in Gy                 (range) in Gy

NSCLC-1                    30 Gy (10)                          38.7                                32.2                                39.4                                65.3                         Yes
                                                                          (23.9-44.6)                     (19.9-37.1)                      (36.9-42.9)
NSCLC-2                    60 Gy (12)                          89.8                                 74.9                                 89.8                                  7.6                          No
                                                                          (62.6-99.7)                     (56.7-80.9)                      (85.8-99.4)
NSCLC-3                    39 Gy (13)                          50.1                                 41.7                                 50.7                                196.7                        No
                                                                          (29.3-54.3)                     (26.6-44.6)                      (45.6-54.2)
NSCLC-4                     35 Gy (5)                           59.2                                 49.3                                 59.4                                 12.2                         No
                                                                            (47-65.1)                       (41.8-52.8)                      (55.8-64.2)
NSCLC-5                     25 Gy (5)                           37.2                                  31                                  37.6                                 16.1                         No
                                                                          (28.8-39.2)                     (25.5-32.2)                      (35.2-39.3)
NSCLC-6                    39 Gy (13)                          50.3                                 41.9                                 50.4                                    8                            No
                                                                          (41.4-53.1)                     (35.7-43.8)                       (48.5-52)
NSCLC-7                    39 Gy (13)                          50.1                                 41.7                                 51.1                                 46.8                           -
                                                                            (40-53.7)                       (34.7-44.2)                      (47.9-53.5)
SCLC-1                        20 Gy (4)                           31.2                                  26                                  31.9                                 56.5                           -
                                                                            (21-34.4)                        (19.2-28)                         (29-34.4)
SCLC-2                        20 Gy (4)                           31.3                                 26.1                                 32.3                                127.6                          -
                                                                          (21.9-34.5)                       (19.8-28)                       (29.1-34.2)
SCLC-3                       39 Gy (13)                          50.4                                  42                                  50.9                                 52.1                         No
                                                                          (44.5-52.9)                     (37.9-43.7)                      (49.2-52.8)
Sarcoma-1                    35 Gy (5)                           73.2                                  61                                  83.9                                 27.8                         No
                                                                           (49.7-100)                      (46.4-75.4)                        (69-100)
Sarcoma-2                   45 Gy (25)                          52.8                                  44                         Not Applicable                         Not                         No
                                                                          (35.2-58.7)                     (30.7-48.2)                  (Postoperative)                   Applicable
Sarcoma-3                   39 Gy (13)                          50.5                                 42.1                                 50.6                                261.5                        No
                                                                          (40.7-53.5)                     (35.3-44.1)                      (48.6-53.6)
Melanoma-1                 60 Gy (5)                          144.7                              120.6                               150.2                                25.2                         Yes
                                                                         (93.7-190.3)                   (90.7-143.4)                   (115.8-178.6)
Melanoma-2                 35 Gy (5)                           59.6                                 49.7                                 59.6                                 24.1                         Yes
                                                                          (56.3-69.7)                     (47.7-55.4)                      (56.3-69.7)
Rectal-1                        20 Gy (5)                           27.7                                 23.1                                 28.7                                  9.4                          No
                                                                          (21.9-30.4)                     (19.2-24.8)                      (26.2-30.6)
Rectal-2                        35 Gy (7)                           66.5                                 54.6                                 72.1                                 46.5                           -
                                                                            (35.4-87)                       (34.2-66.9)                      (62.8-87.3)
Prostate-1                     25 Gy (5)                           39.3                                32.8                                 40.3                                3.52                         Yes
                                                                          (33.1-41.8)                     (28.8-34.3)                      (39.1-41.8)
Prostate-2                    36 Gy (12)                          48.2                                 40.1                                 48.8                               7.872                        Yes
                                                                            (44-50.9)                        (37.3-42)                         (47-50.9)
Prostate-3                     35 Gy (7)                            52                                  43.3                                 52.5                                 13.3                         No
                                                                          (39.5-57.1)                     (35.1-46.5)                       (49.5-56)
Prostate-4                     35 Gy (7)                           52.1                                 43.4                                 52.6                                 14.8                         No
                                                                             (42-56)                        (36.9-45.8)                      (50.3-55.6)
HCC-1                         60 Gy (12)                          67.7                                 88.2                                114.1                                69.3                         No
                                                                          (42.9-83.5)                    (55.9-108.9)                   (85.9-142.5)

Biologically effective dose (BED) and equivalent dose for 2 Gy fractions EQD-2 were calculated for an α/β=10. §Appropriate imaging was available
for 18 lesions. HCC: Hepatocellular carcinoma; NSCLC: non-small-cell lung cancer; SCLC small-cell lung cancer. 



diarrhea and fatigue (grade I), there was no significant toxicity
in this patient. For individual patient doses to OAR see Table I. 

Toxicity. No high-grade acute toxicity was observed. Overall,
50% (n=9) of patients reported at least one adverse event
during radiotherapy. Fatigue was reported by 33% (n=6, all
grade I), nausea was reported by 28% of patients (n=5, grade
II in 3 patients, grade I in 2 patients). Dyspepsia and diarrhea

were reported by one patient; additionally, one patient had
preexisting symptomatic diarrhea and dyspepsia which
continued during radiotherapy and were not attributed to
therapy. Subsequent or late toxicity events occurred
intermittently in three patients and were maximal grade I in
all cases (pain, dyspepsia, and nausea).

Efficacy, symptom control. Only two patients were primarily
irradiated due to symptoms, one because of pain, diarrhea
and nausea, the other because of pain. Symptoms resolved
in one patient (pain only) and improved in the other patient
(pain, diarrhea and nausea) within 30 days after radiotherapy. 

Efficacy, overall survival. At the date of the last cut-off (02-
2018), 44% (8/18) of patients were alive and 56% of patients
had died (10/18). Median OS was 11.9 months (mean=17.7
months). The earliest OS event occurred in a patient with
SCLC at 1.3 months, the longest survival of alive patients
was 43.5 months in a patient with prostate carcinoma, see
Figure 2a. 

Local control. Local failures occurred in 5 out of 22 lesions
(22.7%). The median local failure-free survival was 21.6
months (mean: 18.3 months) for all evaluable lesions (n=18).
Treated metastases which failed were prostate (two out of
four), lung (one out of nine), and melanoma (both treated
lesions failed). There was no association between EQD-2
(for α/β10) or lesion size, measured as gross tumor volume
(GTV, cm³) and local failure in our patient cohort (Table II).
Out of five lesions that failed locally, three were eligible for
salvage treatment after radiotherapy, two lesions were
salvaged with radiofrequency ablation and one lesion in the
melanoma patient was surgically resected; local recurrence
was histologically confirmed in this lesion (mean EQD-2
(PTV, α/β=10) 120 Gy). Table II shows further details on
patterns of dose, volume and local failure of lesions. 

Progression-free survival. Median time to any progression or
death was 3.1 months (mean=9.1 months, see Figure 2b). 

Details on subgroups. Patients who were treated for
oligometastatic disease had the longest OS (median: 33
months) compared to oligoprogressive patients (median: 6.5
months), and palliative patients (median 1.6 months), see
Figure 2c. Palliative patients included two symptomatic
patients and one patient with SCLC who could not receive
any further chemotherapy but opted for local treatment of
multiple lesions. Oligometastatic and oligoprogressive
patients had a significantly longer OS compared to other
patients (p=0.004); however, the informative value of this
test is limited by the very small sample size (15 vs. 3
patients). The difference between oligometastatic and
oligoprogressive patients was not significant (p=0.39). 
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Table III. Baseline characteristics of patients with adrenal metastases.

                                                                                    Number of patients
                                                                                            (lesions§)

Primary tumor
   Lung Cancer
   NSCLC – Adenocarcinoma                                                  4
   NSCLC – Squamous Cell                                                     2
   NSCLC – Large Cell                                                            1
   SCLC                                                                                  2 (3)

   Sarcoma
   Angiosarcoma                                                                        1
   Undifferentiated, pleomorphic                                              1
   Myxoid Liposarcoma                                                            1

   Prostate Carcinoma                                                            2 (4)

   Colorectal Adenocarcinoma                                                 2

   Melanoma                                                                           1 (2)

   Hepatocellular carcinoma (HCC)                                         1

   Total                                                                                  18 (22)

Primary indication for radiotherapy*
   Oligometastatic                                                                      9
   Oligoprogression                                                                6 (9)
   Palliative                                                                                2
   Other                                                                                   1 (2)
Local extension
   Adrenal gland only                                                          15 (19)
   Retroperitoneal lymph nodes                                                2
   Local invasion (pancreas, kidney)                                       1
Prior local treatment
   None                                                                                  15 (19)
   Recurrence after radiofrequency ablation (RFA)                1
   Recurrence after surgery                                                       1
   Incomplete resection (R2)                                                    1

§Number of lesions is shown if different from number of patients (both
sides were treated in 4 patients). *One patient with oligometastases had
weak pain symptoms. Two patients treated for palliative reasons also
had oligoprogression. The patient rated as “other” was an untypical
presentation of slowly progressive extensive disease SCLC who was
locally treated after five lines of chemotherapy. HCC: Hepatocellular
carcinoma; RFA: radiofrequency ablation; NSCLC: non-small-cell lung
cancer; SCLC small-cell lung cancer. 



Discussion

Our retrospective analysis adds to the mounting evidence that
conformal radiotherapy of adrenal lesions is safe and can be
associated with long-term local control in selected patients (2,
17). Aside from palliative radiotherapy for symptomatic
lesions, it is currently not established which patients benefit
from stereotactic or conventional radiotherapy to the adrenal
gland. Several small but well-conducted prospective studies
showed a clinical benefit from radiotherapy (or surgery) to
all lesions in patients with oligometastatic prostate (18),
NSCLC (19-21), or breast (22) cancer. Although application
of hypofractionated ablative doses was encouraged in these

studies, conventional fractionation (21, 22) or lower doses
(EQD-2 <45 Gy) (19, 20) were also allowed in some, and
currently there is no established optimal dose or fractionation
concept for certain locations or tumor types. Some patients
in our study were treated due to oligoprogression, defined as
a limited number of progressive metastases in a patient with
an undefined number of lesions. As discussed above, the
definition of oligoprogressive disease is currently debated in
the literature (6, 7). In our cohort, oligometastatic patients had
a more favorable outcome compared to oligoprogressive
patients but in our small population, this observation was not
statistically significant and the state of oligoprogression
remains to be evaluated in further studies.

The definition of oligometastatic may vary between
different histological tumor types. Prognostic models for
prostate carcinoma indicate that visceral metastases are a
negative prognostic factor in patients with metastatic disease
(23). It has not been established if local therapy can provide
a clinical benefit in this situation or if visceral metastases in
prostate carcinoma are a hallmark of advanced metastatic
disease in every patient. Aforementioned study by Ost et al.
(18) which provides the best available (phase II) evidence for
local treatment in oligometastatic prostate carcinoma,
included mainly patients with bone and lymph node
metastases but only one patient with a visceral lesion who did
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Figure 2. Survival curves. a) Overall survival function for all patients.
Median OS was 11.9 months, mean survival time was 17.7 months. At the
cut-off date, 10 out of 18 patients had died. b) Progression-free survival
function: Median time to any PFS event was 3.1 months (mean=9.1
months). c) Comparison of overall survival curves for patients treated for
oligometastatic lesions (median OS: 33 months), oligoprogression
(median OS: 6.5 months) or palliative indication (median OS 1.6 months). 



not receive radiotherapy but surgery (lung metastasectomy).
Both prostate carcinoma patients in our series had two-sided
progressive adrenal metastases with otherwise stable bone
lesions. Further interpretations based on their outcome are
limited since our data indicate significant heterogeneity: One
patient quickly progressed and died six months after
radiotherapy. The other patient was alive 43 months after
radiation treatment and required salvage treatment due to
two-sided local failure of the adrenal metastases. 

Uncertainty also exists in SCLC: A prospective phase II
trial (RTOG 0937) showed a prolonged time to progression
if 1-4 metastases were irradiated in these patients; however,
1-year OS results crossed the futility boundary and the study
was closed prematurely (1-year OS 50.8% vs. 60.1% with
and without consolidative radiotherapy) (24). In our series,
two patients with SCLC were treated, one being classified as
oligometastatic. Both patients had a short PFS (< 3 months).
In the light of the results of RTOG 0937, definition and
treatment of oligometastases in SCLC continues to be an
individualized treatment decision which should be discussed
in a multidisciplinary tumor conference. 

Most data for the oligometastatic patients exist for NSCLC
(19-21, 25, 26), our patient cohort included seven patients with
NSCLC of which one with a non-ablative dose regimen failed
locally after 11 months (EQD-2: 32.5 Gy), he died a few days
after diagnosis of progressive disease due to tumor-associated
pulmonary embolism. All other NSCLC patients remained
locally controlled over a mean survival time of thirteen months. 

Sarcomas have been described as radio-resistant tumors
and a recent international survey showed uncertainty
between institutions concerning the treatment indication for
oligometastatic sarcoma (27, 28). Results from three patients
with sarcomas in our study indicate an acceptable local
control in adrenal lesions. All three patients responded to
treatment without local progression over time (angiosarcoma,
myxoid liposarcoma and undifferentiated pleomorphic
sarcoma): Two patients had a partial remission and one
patient remained in local remission after postoperative
radiotherapy following incomplete surgical resection (R2).

Optimal dose-/fractionation regimens for patients with
adrenal metastases have not been established. A variety of
hypo- and conventionally fractionated approaches showed
acceptable tumor control and very limited toxicity (17). Our
study confirms that highly conformal radiotherapy can be
applied with a low risk of non-serious side effects if dose-
constraints are respected. Concerning symptom control in
patients with pain or discomfort, our data confirm the literature:
Out of two patients with relevant clinical symptoms and a
sufficient follow-up, both experienced palliation of pain and
discomfort, either during or after radiotherapy. Considering the
good palliation, the limited toxicity and the good local control,
radiotherapy of adrenal metastases should be discussed in all
patients with limited metastases or symptomatic lesions. 

Our retrospective analysis has several limitations: The total
number of patients is small and the patient cohort is rather
inhomogeneous, including one patient who had surgery before
radiotherapy and two patients in whom adjacent lymph nodes
needed to be included in the target volume. Lesion size ranged
from 3.5 ml up to 261 ml and radiotherapy doses were not
standardized but individualized to patient anatomy and
presumed clinical benefit. Because of these limitations,
survival analysis must be considered as purely exploratory.
Furthermore, retrospective studies may over- or underestimate
a treatment effect due to several biases and toxicity scored by
physicians may underestimate the treatment impact on patient-
reported quality of life, thereby overestimating the overall
treatment benefit (29). Finally, our analysis shows that some
of our patients had very short survival periods after
radiotherapy. Two patients had long-course irradiation (13
fractions) only 3-4 months before they died because of their
tumor. Although these patients did not have relevant toxicity,
shorter treatment courses would have been preferable. 

Conclusion
Taken together, our study adds to the mounting evidence that
irradiation of adrenal lesions is generally safe and well-
tolerated. Furthermore, there seems to be a subset of patients
with oligometastatic disease which have a long LC and PFS
after radiotherapy. These patients might have a benefit from
longer therapy courses, if required to administer an ablative
dose regimen. 
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