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Abstract
Background: Precise local radiotherapy for adrenal metastasis can prolong the useful life of patients with oligometastasis. The
aim of this retrospective, 2-center study was to establish the safety and effectiveness of real-time tumor-tracking radiotherapy and
general stereotactic body radiotherapy in treating patients with adrenal metastatic tumors. Materials and Methods: Thirteen
lesions in 12 patients were treated with real-time tumor-tracking radiotherapy (48 Gy in 8 fractions over 2 weeks) and 8 lesions in
8 patients were treated with general stereotactic body radiotherapy (40-50 Gy in 5-8 fractions over 2 weeks or 60-70 Gy in 10
fractions over 2 weeks). Overall survival rates, local control rates, and adverse effects were analyzed. Results: The actuarial
overall survival rates for all patients at 1 and 2 years were 78.5% and 45.8%, respectively, with a median follow-up of 17.5 months,
and the actuarial local control rates for all tumors at 1 and 2 years were 91.7% and 53.0%, respectively, with a median follow-up
of 9 months. A complete local tumor response was obtained in 3 tumors treated by real-time tumor-tracking radiotherapy
(lung adenocarcinomas with diameters of 35, 40, and 60 mm). There was a statistically significant difference in the local control
between the groups treated by real-time tumor-tracking radiotherapy (100% at 1 year) and general stereotactic body
radiotherapy (50% at 1 year; P < .001). No late adverse reactions at Grade 2 or higher were reported for either treatment
group. Conclusions: This study showed that although both treatments are safe and effective, the real-time tumor-tracking
radiotherapy is more effective than general stereotactic body radiotherapy in local control for adrenal metastasis.
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Introduction

Local therapy for oligometastatic tumors is receiving consid-

erable attention because of its potential to prolong the life of

patients with cancer.1 We have previously reported that adrenal

metastatic tumors can be successfully treated with real-time

tumor-tracking radiotherapy (RTRT), with a high local control

(LC) rate and low complication rate.2,3 The RTRT method

tracks the adrenal gland movement along the craniocaudal

direction during respiration, which can be large and so needs

to be taken into consideration during radiotherapy.3,4 Stereo-

tactic body radiotherapy (SBRT) has also been used for treating

adrenal metastatic tumors; although initial reports described

results that did not agree with the results of LC rates,5,6 an

increasing number of studies have confirmed high LC rates for

these tumors.6-18 In general, SBRT has minimal acute and

chronic adverse effects, but serious gastrointestinal (GI)

adverse reactions have been reported in rare instances.19,20 It

has been suggested that the prognostic parameters for serious

adverse reactions with SBRT are the dose administered to the

GI tract and the use of concurrent chemotherapy.19 A systema-

tic review suggested that SBRT is a valid alternative treatment

for adrenal metastasis in patients with oligometastasis when

surgery is not feasible or when the operative risk is unaccep-

table.21 However, there have been few reports about the appro-

priate dosimetric parameters and their relationship to clinical

outcomes.

In this study, we retrospectively investigated dosimetric

parameters and clinical outcomes related to treatment with

RTRT and general SBRT (g-SBRT) for adrenal metastatic

tumors at Hokkaido University Hospital and the University

of Yamanashi Hospital in Japan.

Materials and Methods

This study included 20 patients with adrenal metastatic tumors

treated without the use of concurrent chemotherapy between

2004 and 2017, 15 in the Hokkaido University Hospital and 5

in the University of Yamanashi Hospital. Before receiving

treatment, the patients were given a detailed explanation about

the procedure and each provided written informed consent. The

present retrospective study was approved by the institutional

review boards of both institutions (the approval number is 017-

0109 from the Hokkaido University Hospital and 961 from the

University of Yamanashi Hospital).

The patients were 19 men and 1 woman, with a median age

of 66 years (range 48-86 years). Table 1 presents the clinical

characteristics. The primary site was the lung in 9 patients

(1 small cell cancer, 1 squamous cell cancer, and 7 adenocar-

cinomas), the liver in 5 patients (all hepatocellular carcino-

mas), the kidney in 4 patients (all renal cell carcinomas),

transitional cell carcinoma of the bladder in 1 patient, and

prostate cancer in 1 patient. One of the 20 patients received

treatment for both adrenal glands at different times; thus a total

of 21 tumors were investigated for LC and adverse reactions.

The median tumor size was 40 mm (range, 14-80 mm).

The treatment method for the RTRT has been described

elsewhere.3,22 In the RTRT, treatment planning was based on

computed tomography (CT) images with a slice thickness of

2.0 or 2.5 mm recorded while the patients were holding their

breath at the end of normal expiration after insertion of a 2-mm

gold marker near the tumor. The gross tumor volume (GTV)

was delineated as the visible tumor on the CT image by the

attending physician. The GTV-to-clinical target volume (CTV)

margin, internal margin, and set-up margin were determined to

be 3.0, 2.0, and 3.0 mm, respectively, from the preclinical

physical evaluation. A summation of these margins is used to

determine the planning target volume (PTV). The coordinates

of the fiducial gold marker in the same CT images were also

delineated and registered. The RTRT system consists of 4 sets

of diagnostic fluoroscopic X-ray imaging units and a conven-

tional linear accelerator with multileaf collimators which

enable 3-dimensional conformal irradiation. At the start of the

treatment, the patient is aligned so that the fiducial marker at

the end-of-expiration is at the planned position, corresponding

to the center of the gating window. After the start of therapeutic

irradiation, the coordinates of the gold marker are monitored

every 0.033 seconds by fluoroscopy and the linear accelerator

is gated to irradiate the tumor only when the coordinates of the

gold marker are within + 2.0 mm of the planned position.3,22

Patients were not immobilized and were treated while breath-

ing freely. When a baseline shift of the coordinates of the gold

marker is detected and it exceeds 2 mm, the patient is realigned

by adjusting the couch position so that the marker at the end-of-

expiration again is at the center of the gating window.22

In the g-SBRT at Hokkaido University Hospital, free-

breathing CT images and 4-dimensional CT (4DCT) images

with a slice thickness of 2.5 mm were obtained in all the 3

patients. The 4DCT scan parameters have been described else-

where.23 The GTV was delineated as the visible tumor on the

free-breathing CT images by the attending physician. The
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internal margin was determined to include the whole tumor

position during respiration using the 4DCT images in all 10

respiratory phases. The set-up margin was 5.0 mm according to

the preclinical physical evaluation. The GTV-to-CTV margin

was set at 0 mm because there must be an overlap between

these imaginary margins. Patients were not immobilized and

treated while breathing freely. Daily cone beam CT images

were obtained before each treatment fraction in all patients.

In the g-SBRT at the University of Yamanashi Hospital, the

patients were trained in voluntarily holding the breath during

the inspiration phase using a respiratory indicator.24 Treatment

planning was based on CT images with a slice thickness of 2.0

mm, which were recorded under voluntary breath-holding dur-

ing the inspiration phase. A personal internal margin was cal-

culated from 3 CT scans. The GTV was delineated as the

visible tumor in the CT image by the attending physician. The

GTV-to-CTV margin was set at 0 mm. The PTV was deter-

mined as the GTV plus the personal internal margin with an

additional margin of 2.0 mm to compensate for intrasession

reproducibility and to provide a safety margin. Vacuum cush-

ions were used for immobilization and patients were treated

with the breath held voluntarily during the inspiration phase.

Before every radiotherapy fraction, the beam isocenter was

visually adjusted with in-room CT images of 2-mm thickness

taken under voluntary breath-holding to correspond to the

planned isocenter.19

The X-ray energies of 6, 9, and 10 MV were used for 14, 1,

and 6 tumors, respectively. The dose–volume metrics were

based on 3-dimensional radiotherapy planning systems such

as Pinnacle and Xio. Superposition, convolution, and Clarkson

algorithms were used for 19, 1, and 1 tumors, respectively.

Multiportal noncoplanar irradiation or rotational irradiation

was used for all the patients. Quality assurance for the RTRT

and g-SBRT was performed based on the guidelines for respira-

tory motion management in radiotherapy published by the

Japan conformal external beam radiotherapy group and others

in 2013.25

The dose prescription was based on published studies about

hypofractionated SBRT. Eight fractionation schedules were

used at Hokkaido University Hospital for lung and liver dis-

ease. Five or 10 fractionation schedules were used at the Uni-

versity of Yamanashi Hospital for lung diseases including

those of the lower lung field. Dose constraints for each fractio-

nation were as determined at either hospital and the target doses

were determined accordingly. For comparison, the radiation

dose was converted to the biologically effective dose (BED)

by using a linear-quadratic model, with BED defined as nd�(1

þ d/[a/b]), where n is the number of fractions and d is the dose

per fraction, assuming a/b ratios of 10 (BED10) for tumors and

3 (BED3) for organs at risk. At Hokkaido University Hospital,

all the 12 patients with 13 tumors treated with RTRT were

administered a prescribed dose of 48 Gy in 8 fractions (BED10

¼ 76.8 Gy) at the isocenter and the 3 patients treated with g-

SBRT were administered doses as follows: 48 Gy in 8 fractions

at the isocenter (1 patient), 48 Gy in 8 fractions to the 95%
volume of PTV (PTVD95; 1 patient), and 40 Gy in 8 fractions

(BED10 ¼ 60 Gy) to PTVD95 (1 patient). The dose constraint

for the stomach and duodenum was that the dose to 1 cm3

(D1 cc) would be 35 Gy or less, with the BED3 86 Gy.3 At the

University of Yamanashi Hospital, for the 5 patients treated

with g-SBRT, the dose administration was as follows: 60 Gy

in 10 fractions (BED10¼ 96 Gy) at the isocenter (1 patient), 70

Gy in 10 fractions (BED10 ¼ 119 Gy) at the isocenter (1

patient), 40 Gy in 5 fractions (BED10 ¼ 72 Gy) to PTVD95

(1 patient), 50 Gy in 5 fractions (BED10 ¼ 100 Gy) to PTVD95

(1 patient), and 42 Gy in 7 fractions (BED10 ¼ 67.2 Gy) to

CTVD90 (1 patient).

The local tumor response was assessed in accordance to the

Revised Response Evaluation Criteria in Solid Tumors Guide-

line (version 1.1). A locally controlled disease was defined as

the absence of progressive disease. Treatment-related toxicities

based on the information in the patients’ medical records were

assessed with the Common Terminology Criteria for Adverse

Events v4.0, and toxicities of Grade 2 or higher were recorded.

The follow-up duration was calculated from the start date of the

radiotherapy. The Kaplan-Meier method was used to calculate

overall survival (OS) and LC rates. Fisher exact test, Student

t test, and the log-rank test were used to compare subgroups.

A P value <.05 was considered statistically significant. The

Table 1. Patient Characteristics.

RTRT (n¼ 12) g-SBRT (n¼ 8)

Sex

Men 11 8

Women 1 0

Age (years)

Median (range) 66 (55-80) 65 (48-86)

ECOG performance status

0 1 3

1 10 4

2 1 1

Primary tumor site

Lung (NSCLC) 7 (6) 2 (2)

Liver 1 4

Kidney 3 1

Prostate 1 0

Bladder 0 1

Lateralitya

Left 6 3

Right 7 5

Diameter (mm)

Median (range) 56 (19-80) 38 (14-74)

Synchronous extra-adrenal lesion 7 7

Symptoms before RT

chemotherapy

1 2

Before RT 7 3

After RT 10 5

Abbreviations: ECOG, Eastern Cooperative Oncology Group; g-SBRT, gen-

eral stereotactic body radiotherapy; NSCLC, non-small cell lung cancer; RT,

radiotherapy; RTRT, real-time tumor-tracking radiotherapy; SD, standard

deviation.
aBoth glands were treated in 1 patient.
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statistical analysis was performed using JMP Pro version 12.2

(SAS, Cary, North Carolina).

Results

The metrics for the nominal dosimetric parameters are pre-

sented in Tables 2 and 3. Because the dose distributions for

RTRT, which uses gating, and for g-SBRT, which does not use

gating, cannot be compared directly using these values, the

values are shown as nominal doses. The statistical comparison

illustrates the differences in nominal doses between the gated

and nongated irradiation but not the physical dose deposited at

the same location in the moving organs. All the tumors were

treated without violation of the dose constraint protocol, except

for 1 RTRT patient who had a left adrenal tumor attached to the

gastric wall. This patient received 48 Gy in 8 fractions at the

isocenter for a 6.5 cm diameter left adrenal tumor with the D1 cc

of the stomach of 37.1 Gy, higher than the dose constraint of 35

Gy, while other parameters were within the dose constraints. In

5 patients in the RTRT series, the dose to 1.0 cm3 of the bowel

exceeded 35 Gy.

The local tumor response and adverse reactions are summar-

ized in Table 4. A complete response was obtained in 3 tumors

(lung adenocarcinomas with diameters of 35, 40, and 60 mm)

out of the 13 tumors treated with RTRT, but in none of the 8

tumors treated with g-SBRT. The differences in overall

response rates (complete response plus partial response) did

not differ significantly between RTRT and g-SBRT (P¼ .673).

The actuarial OS at 1 and 2 years were 78.5% and 45.8%,

with a median follow-up of 17.5 months for all patients (Figure

1). For the 12 patients treated with RTRT, the actuarial OS at 1

and 2 years was 83.3% and 50.0%, with a median follow-up of

23 months. For the 8 patients treated with g-SBRT, the actuar-

ial OS at 1 year was 58.3% with a median follow-up of 7.5

months. There was no statistically significant difference in OS

between the RTRT and g-SBRT groups (P¼ .60; Figure 2). For

the 8 patients with non-small cell lung cancer, the actuarial OS

at 1 and 2 years was 87.5% and 58.3%, with a median follow-

up of 12 months.

The actuarial LC for all tumors at 1 and 2 years was

91.7% and 53.0%, with a median follow-up of 9 months

(Figure 3). For the 12 patients (13 tumors) treated with

RTRT, the actuarial LC at 1 and 2 years was 100% and

64.3%, respectively, with a median follow-up of 17 months.

Table 2. BED10 Parameters for the GTV and PTV.

RTRT (n ¼ 13) g-SBRT (n ¼ 7a)

P ValueMean (SD) Mean (SD)

GTV

Volume (mL) 50.5 (42.0) 48.6 (61.9) .94

Dmean (Gy) 73.9 (1.4) 86.9 (14.9) .0049

Dmin (Gy) 47.2 (14.5) 73.0 (25.1) .0088

Dmax (Gy) 80.9 (3.7) 90.1 (14.7) .041

D98 (Gy) 59.1 (9.4) 89.3 (15.0) .0013

D50 (Gy) 75.0 (1.1) 87.1 (14.5) .0067

D2 (Gy) 79.5 (2.6) 81.1 (16.6) .029

PTV

Volume (mL) 148.6 (87.7) 118.1 (102.9) .49

Dmean (Gy) 69.1 (2.8) 81.7 (13.7) .0043

Dmin (Gy) 29.0 (11.1) 44.6 (17.8) .026

Dmax (Gy) 81.4 (3.8) 90.2 (14.7) .027

D98 (Gy) 46.7 (12.3) 66.5 (18.6) .0098

D95 (Gy) 40.0 (13.4) 61.0 (19.7) .011

D50 (Gy) 72.7 (1.5) 83.1 (13.3) .010

D2 (Gy) 80.0 (2.5) 89.1 (14.8) .036

aOne patient was excluded from this analysis because dosimetric data were not

available.

Abbreviations: BED, biologically effective dose; Dmax, maximum dose; Dmean,

mean dose; Dmin, minimum dose; Dxx, the dose received by xx % of the GTV or

PTV volume; g-SBRT, general stereotactic body radiotherapy; GTV, gross

tumor volume; PTV, planning target volume; RTRT, real-time tumor-

tracking radiotherapy; SD, standard deviation.

P values in boldface indicate statistical significance (P < 0.05).

Table 3. BED3 Parameters for Organs at Risk.

RTRT (n ¼ 13) g-SBRT (n ¼ 7a)

P ValueMean (SD) Mean (SD)

Stomach

D1cc (Gy) 47.2 (22.4) 32.8 (9.5) .123

Dmax (Gy) 65.4 (31.7) 47.6 (26.9) .22

Duodenum

D1cc (Gy) 47.8 (19.1) 47.6 (35.6) .99

Dmax (Gy) 69.7 (31.8) 77.1 (45.4) .67

Bowel

D1cc (Gy) 68.8 (43.5) 47.5 (36.2) .28

Dmax (Gy) 77.9 (47.5) 64.3 (59.3) .58

Ipsilateral kidney

Dmean (Gy) 20.7 (10.4) 13.5 (10.8) .16

Liver

Dmean (Gy) 8.8 (6.4) 9.5 (8.6) .83

aOne patient was excluded from this analysis because dosimetric data were not

available.

Abbreviations: BED, biologically effective dose; Dmax, maximum dose; Dmean,

mean dose; D1 cc, the dose to 1 cm3 of the organ at risk; g-SBRT, general

stereotactic body radiotherapy; RTRT, real-time tumor-tracking radiotherapy;

SD, standard deviation

Table 4. Clinical Outcomes for the 21 Tumors.

RTRT (n ¼ 13) g-SBRT (n ¼ 8)

Local tumor response

CR 3 0

PR 2 4

SD 4 2

PD 4 2

Acute adverse effect

Grade 2 4 0

Grade 3-5 0 0

Late adverse effect

Grade 2-5 0 0

Abbreviations: CR, complete response; g-SBRT, general stereotactic body

radiotherapy; PD, progressive disease; PR, partial response; RTRT, real-time

tumor-tracking radiotherapy; SD, stable disease.
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For the 8 patients treated with g-SBRT, the actuarial LC at

1-year was 50.0%, with a median follow-up of 6.5 months.

There was a statistically significant difference in LC

between the 2 treatment groups (P < .001; Figure 4). For

the 8 patients with non-small cell lung cancers (9 tumors),

the actuarial LC at 1 and 2 years was 100% and 40.0%,

respectively, with a median follow-up of 13 months; and

for the 4 patients with renal cell carcinomas, the actuarial

LC at 1 and 2 years was 100% and 66.7%, respectively,

with a median follow-up of 29.5 months.

Grade 2 acute reactions (appetite loss, nausea, and vomit-

ing) were reported in 4 patients in the RTRT series; no acute

reactions at Grade 3 or higher or late adverse reactions at Grade

2 or higher were reported in either treatment group (Table 4).

There was no difference in the incidence of adverse reactions

between the left and right adrenal glands (P ¼ 1.00).

Discussion

The location of the adrenal glands makes them unsuitable for

conventional radiotherapy. Irradiation to a tumor in the left or

right adrenal gland using coplanar fields will unavoidably

include the GI tract, liver, or kidney. The SBRT technique can

deliver high doses to the tumor while reducing the dose to

these organs at risk around the adrenal glands. In the present

2-institutional retrospective studies, we reviewed 20 patients

treated with RTRT or g-SBRT for adrenal gland metastasis.

The LC and OS rates at 1 year were 91.7% and 78.5%, respec-

tively, and no grade 3 or higher adverse events were reported.

Several previous studies on SBRT for adrenal gland metastasis

are detailed in Table 5. Our results are consistent with previous

studies of SBRT for adrenal gland metastasis with LC rates

ranging from 60% to 100% and OS rates ranging from 39.7%
to 93.3%. The dose–volume metrics and the clinical outcomes

Figure 2. Overall survival rates following treatment by real-time

tumor-tracking radiotherapy (RTRT, blue line) or general stereotactic

body radiotherapy (g-SBRT, red line).

Figure 3. Local control rates for all tumors.

Figure 4. Local control rates for real-time tumor-tracking radiother-

apy (RTRT, blue line) and for general stereotactic body radiotherapy

(g-SBRT, red line).

Figure 1. Kaplan-Meier curve of overall survival rates for all patients.
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observed in this study suggest that both RTRT and g-SBRT are

useful in reducing the risk of serious adverse reactions in the

treatment of adrenal metastatic tumors.

As pointed out by Scorsetti et al, there are no consensus or

defined guidelines for radiation treatment of adrenal gland

metastases,12 the GTV-to-CTV margins, dose prescription, and

treatment schedules vary in the different studies (Table 5).

Above, we have also reported the different GTV-to-CTV mar-

gins, the variations in the dose prescription, and treatment

schedules. The reasons for the heterogeneity of treatment

details depend on institutional differences in the equipment and

protocols, modifications by the attending physician based on

the size of the tumor, and the distance between PTV and the

organ at risk (OAR). The rarity of occurrence of this disease

and the complexity of the OAR around the adrenal gland have

prevented a formalization of the treatment protocols.

The adrenal gland changes position due to significant move-

ment with respiration, so motion management is important to

reduce the uncertainty in dosages.4 About the differences in

dose distribution between RTRT and g-SBRT, it is useful to

compare these with a moving phantom to imitate the target

volume movement with respiratory motion. Figure 5 shows the

dose distributions of RTRT and g-SBRT using phantoms. It is

well demonstrated that the dose difference between the static

phantom and the dynamic phantom was smaller in RTRT and

there was a more condensed dose distribution obtained with

RTRT than with g-SBRT.

The Dmax and Dmean to GTV and PTV in g-SBRT in Table 2

are calculated with static CT data for the patients assuming that

the target volume is not moving during g-SBRT. It implies that

if we could have used precise 4D-CT planning accounting for

tumor motion, the Dmax and Dmean to GTV and PTV in g-SBRT

would have been lower than the values in Table 2. The Dmax

and Dmean to OARs in g-SBRT in Table 3 may be higher or

lower depending on the actual motion of the OAR during irra-

diation but the dose–volume histogram of the OAR would be

smoothed-out by the general organ motion.

Another potential source of serious adverse reactions in the

bowel is attachment of the GI tract to the adrenal glands. Dose

constraints for the GI tract are based on its adverse reactions.

The GI tract changes its shape and position freely during the

treatment period in fractionated radiotherapy. However,

Onishi et al reported fatal gastric bleeding after SBRT in a

patient in whom the position of the posterior wall of the sto-

mach bordering the left metastatic adrenal tumor did not

change much, even though the dose constraints had been ful-

filled in the planning.19 Plichta, et al also reported serious GI

bleeding after SBRT with a maximum bowel radiation dose of

52.8 Gy delivered over 3 fractions; they suggested that dose

constraints for the GI tract are important in the treatment of

metastatic adrenal tumors.20 In the present study, we observed

doses to 1.0 cm3 of the bowel, other than the stomach and

duodenum, which exceeded 35 Gy in 8 fractions in 5 tumors

in the RTRT series. It was fortunate that there were no serious

adverse reactions in these patients; in these cases real-time

monitoring of the GI tract would have been advisable. This

suggesting that precise imaging in the treatment room may

well be useful.

Table 5. Studies of stereotactic body radiotherapy (SBRT) for Adrenal Gland Metastasis.

Study (year)

Number of

Patients

(Lesions)

Primary

Tumor

Site

GTV-to-CTV

Margin

SBRT

Schedule Prescription

Median

Follow-Up LC OS

Holy et al7 (2011) 18 (18) Lung 100% 2 mm 15-40 Gy/

3-12 Fr

100% isodose

line

21 months 77% (objective

response rate)

23 months

(median)

Scorsetti et al8

(2011)

34 (36) Lung 71% 3 mm 32 Gy/4 Fr

(median)

95% isodose

line

41 months 66% (1 year) 22 months

(median)

Casamassima et

al6 (2012)

48 (NR) Lung 50% 0 mm 34.9 Gy /3 Fr

(mean)

SRS: 23.5 Gy

(mean)

70% isodose

line

16.2

months

90% (1 year) 39.7% (1 year)

Ahmed et al9

(2013)

13 (13) Lung 46% 0 mm 45 Gy/5 Fr

(median)

NR 12.3

months

100% (crude rate) 62.9% (1 year)

7.2 month

(median)

Rudra et al14

(2013)

10 (13) Lung 80% 0 mm 36 Gy/3 Fr

(median)

80%-90%
isodose line

14.9

months

73% (1 year) 90% (1 year)

17.3 month

(median)

Celik et al16

(2017)

15 (15) Lung 100% 0 mm 42Gy/6 Fr 65% isodose

line

24 months 60% (1 year) 93.3% (1 year)

Franzese et al17

(2017)

46 (46) Lung

65.2%
0 mm 40 Gy/4 Fr CTV V98% >

98%
7.6

months

65.5% (1 year) 87.6% (1 year)

This study 20 (21) Lung 45% 0 or 3 mm 48 Gy/8 Fr

(median)

Isocenter,

PTVD95

17.5

months

91.7% (1 year) 78.5% (1 year)

Abbreviations: CTV, clinical target volume; Dxx, xx% of the PTV volume received by the dose; Fr, fractions; GTV, gross tumor volume; LC, local control; NR,

data not reported; OS, overall survival; PTV, planning target volume; SBRT, stereotactic body radiotherapy.
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The results of this study highlights the difficulties in dosi-

metric comparisons between gated and nongated irradiation of

an intrafractionally moving target. It is well known that a sim-

ple comparison can be misleading because dosimetric para-

meters using static CT data are inadequate surrogates for the

actual dose deposited in the moving organs.26 Conversely, the

differences in the parameters in this study suggest that the dose

constraints on gated and nongated irradiation may not be sim-

ply transferable because of the significant differences in dosi-

metric parameters. The local tumor control rates with RTRT

and g-SBRT in this series were sufficiently high for most of the

patients with metastatic adrenal tumors. This is consistent with

the findings of a recent review of various advanced radiother-

apy technologies.21 Metastatic adrenal tumors can be large and

can cause uncomfortable symptoms; when the tumor is small

enough, it is reasonable to use these technologies to reduce the

dose to the surrounding critical organs. It has been reported that

surgical resection does not prolong OS, even for patients with

oligometastatic non-small cell lung cancer27; these patients

should therefore be informed about RTRT or g-SBRT as an

alternative treatment.

An important question is whether the implantation of surro-

gate fiducial markers around the adrenal gland for RTRT is

beneficial. Some patients survived for more than 2 years, so

serious late adverse reactions need to be considered in

decision-making for these patients. Although we observed no

statistical differences in survival or adverse reaction rates

between the RTRT and g-SBRT treatment groups, we noted

some interesting results for LC. Complete response was

obtained in 3 patients with relatively large tumors who under-

went RTRT, but not at all in patients treated with g-SBRT. The

LC rate was higher with RTRT even though the nominal dose

to the target volume was smaller. Conversely, Grade 2 acute

toxicity was observed in 4 patients treated with RTRT but not

in any of the patients treated with g-SBRT, with no difference

in the mean nominal dose to the organs at risk. These differ-

ences may be due to the more condensed dose distribution of

RTRT compared to g-SBRT, and a prospective comparison

between RTRT and the nongated g-SBRT is warranted.

Because of the low toxicity, these technologies may become

a potential treatment for nonmetastatic primary adrenal tumors

in the future.28

The present study has several limitations. First, the small

number of patients and retrospective design does not allow a

confirmation of the differences between RTRT and nongated g-

SBRT. Second, the variability of the margins, dose fractiona-

tion schedules, and total doses would have had an effect on the

results. Third, we analyzed patients with adrenal gland metas-

tasis from different primary tumor sites, and the OS can be

affected by the percentage of primary tumor sites. Fourth, we

Figure 5. Dose distribution on Gafchromic films using phantoms for a target volume with a lateral diameter about 4-cm on this figure. Two-

dimensional dose distributions of g-SBRT using (A) the static phantom and (B) the dynamic phantom, and (C) that with real-time tumor-tracking

radiotherapy (RTRT) using the dynamic phantom. Dose profiles at the center of the target volume of (D) g-SBRT and (e) RTRT using the

dynamic phantom. The dynamic phantom was moving in a cos4 manner with a period of 3 seconds and an amplitude of 20 mm along the lateral

direction. The red dotted lines in (D) and (E) are the dose profiles of g-SBRT using the static phantom. The red solid lines in (D) and (E) are the

dose profiles of g-SBRT and RTRT using the dynamic phantom, respectively. The dose difference between the static phantom and the dynamic

phantom are shown as blue solid lines in (D) and (E) for g-SBRT and RTRT, respectively.
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did not take chemotherapy after RTRT or g-SBRT into account

in this analysis. Chemotherapy would have had an impact on

local tumor responses and may have influenced the results of

the present study.

In conclusion, this study further strengthened our previous

observation that precise radiotherapy methods, such as RTRT

and g-SBRT, can provide safe and effective treatment for

selected patients with adrenal metastasis while meeting the

dose constraints for critical organs around the adrenal glands.

For most oligometastatic patients with adrenal metastatic

tumors, these treatments should be regarded as an alternative

to surgical resection. It should be noted that RTRT showed

significantly higher LC rates than g-SBRT, and a few tumors

demonstrated a complete response after the RTRT without

serious adverse reactions.
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