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Abstract

The response rate of advanced adrenocortical carcinoma (ACC) 
to standard chemotherapy with mitotane and etoposide/dox-
orubicin/cisplatin (EDP-M) is unsatisfactory, and benefit is fre-
quently short lived. Immune checkpoint inhibitors (CPI) have 
been examined in patients’ refractory to EDP-M, but objective 
response rates are only approximately 15 %. High-dose rate 
brachytherapy (HDR-BT) is a catheter-based internal radiother-
apy and expected to favorably combine with immunotherapies. 
Here we describe three cases of patients with advanced ACC 
who were treated with HDR-BT and the CPI pembrolizumab. 
None of the tumors were positive for established response 
markers to CPI. All patients were female, had progressed on 
EDP-M and received external beam radiation therapy for met-
astatic ACC. Pembrolizumab was initiated 7 or 23 months after 
brachytherapy in two cases and prior to brachytherapy in one 
case. Best response of lesions treated with brachytherapy was 
complete (n = 2) or partial response (n = 1) that was ongoing at 
last follow up after 23, 45 and 4 months, respectively. Consid-
ering all sites of tumor, response was complete and partial re-
mission in the two patients with brachytherapy prior to pem-
brolizumab. The third patient developed progressive disease 
with severe Cushing’s syndrome and died due to COVID-19. 
Immune-related adverse events of colitis (grade 3), gastrodu-
odenitis (grade 3), pneumonitis (grade 2) and thyroiditis (grade 
1) occurred in the two patients with systemic response. HDR-BT 
controlled metastases locally. Sequential combination with CPI 
therapy may enhance an abscopal antitumoral effect in non-ir-
radiated metastases in ACC. Systematic studies are required to 
confirm this preliminary experience and to understand under-
lying mechanisms.

30

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

Article published online: 2023-09-25

https://orcid.org/0000-0003-0772-5242
https://orcid.org/0000-0001-8709-7252
https://orcid.org/0000-0002-2481-5410
https://orcid.org/0000-0002-1822-0197
https://orcid.org/0000-0001-5873-8567
https://orcid.org/0000-0002-9817-9875
https://orcid.org/0000-0002-7628-3161
https://doi.org/10.1055/a-2150-3944
mailto:matthias.kroiss@med.uni-muenchen.de


Schwarzlmueller P et al. High-Dose Rate Brachytherapy Combined …  Horm Metab Res 2024; 56: 30–37 | © 2023. Thieme. All rights reserved.

Introduction
Etoposide, doxorubicin, and cisplatin (EDP) combined with mito-
tane (EDP-M) is the standard treatment for adrenocortical carcino-
ma (ACC) based on a randomized phase III clinical trial in 304 pa-
tients. Compared to streptozotocin and mitotane (Sz-M), patients 
treated with EDP-M showed a longer median progression-free sur-
vival of 5 months compared to 2.1 months with Sz-M [1]. Today, 10 
years after the publication of this landmark trial, EDP-M is still the 
recommended first line therapy in advanced ACC with a median 
overall survival of 15 months in stage IV. New effective treatment 
options are urgently needed to improve patient outcomes. Check-
point inhibitors (CPIs) have revolutionized the treatment of many 
cancer entities. In ACC, results of studies are heterogeneous and 
less promising. So far, five small clinical trials with a total of 121 pa-
tients have been published and reported an objective response in 
only 17 patients (13 %) [2–6].

In none of these trials of immunotherapy, established response 
markers such as tumor mutational burden or microsatellite insta-
bility (MSI) have shown an association with response, although two 
patients in one study were affected by Lynch syndrome, a germ line 
predisposition syndrome leading to tumoral MSI [5]. Likewise, the 
expression of programmed cell death ligand 1 (PD-L1), a biomark-
er for response to CPI in some tumors such as non-small cell lung 
cancer, does not predict response in other entities [7]. Indeed, in 
ACC PD-L1 is expressed on less than 5 % of tumor cells in 89 % of tu-
mors [8]. Accordingly, we did not find an association of response 
of ACC to immunotherapy with any established marker in a series 
of 54 patients treated with CPI on a compassionate use basis [9].

So far, the immunological mechanisms underlying the relative 
resistance to CPI have not been elucidated. Tumoral immune infil-
tration is comparably low in ACC and the glucocorticoid excess 
present in approximately 60 % of ACC has been associated with even 
more sparse tumor infiltrating cells of the adaptive immune system 
[10]. Treatment-emergent resistance mechanisms may be relevant 
in ACC as indicated by the potentially adverse impact of mitotane 
treatment on response to CPI [9]. Importantly, immunogenic tumor 
antigens in ACC have not been identified. Insufficient immune cell 
priming may therefore contribute to CPI inefficacy.

Current international guidelines recommend the use of radio-
therapy in advanced ACC for local tumor control [11]. However, ir-
radiation of tumors can also lead to systemic responses. The term 
“abscopal effect” was first coined in 1953 and is now used to de-
scribe immune-mediated regression of non-treated metastasis 
after irradiation of a tumor [12, 13]. The effect is rare in humans 
with radiotherapy alone, but the advent of immunotherapies 
brought opportunities to boost the frequency and efficacy of ab-
scopal responses [14, 15].

So far, only very limited data on the abscopal effect in ACC exist 
and to our knowledge there are no reports of the combination of 
high dose radiotherapy and immune checkpoint blockade for the 
treatment of this disease. Radiotherapy with low doses per fraction 
appears to lead to low immunogenicity [16]. Intriguingly, high-
dose-rate brachytherapy (HDR-BT), a catheter-based internal radio
therapy, delivers a high dose of radiation per session, which may 
be beneficial for inducing immunogenic cell death and systemic 
antitumoral immune responses. Another advantage of brachyther-
apy might be the highly focused application of radiation, sparing 

the tumor draining lymph nodes and possibly reducing radiation 
induced lymphocytopenia.

Here we review our experience with treatment of advanced ACC 
combining pembrolizumab and HDR-BT.

Patients and Methods
This report is a retrospective analysis of three cases at a single 
center. Data were retrieved from routine clinical records. Adverse 
events were graded according to the Common Terminology Crite-
ria for Adverse Events Version 5.0.

Ethics Statement
All patients were participants in the European Network for the 
Study of Adrenal Tumors (ENSAT) registry study which has been ap-
proved by the local ethics committee under approval number 379–
10. All patients provided written consent. Cut-off for data collec-
tion was May 15, 2023.

Case 1
Patient 1 is female and was diagnosed with ENSAT stage III gluco-
corticoid and androgen producing adrenocortical carcinoma (pT3, 
pN1, L1, V1, Pn1) at 20 years of age. She underwent right sided ad-
renalectomy with lymphadenectomy shortly after initial diagnosis. 
Due to tumor stage and R1 resection status mitotane therapy was 
started 18 days postoperatively. Approximately two months after 
adrenalectomy the patient showed symptomatic disease progres-
sion with abdominal pain and acute abdominal hemorrhage from 
a new subphrenic metastasis involving the spleen. Emergency sple-
nectomy was performed, and histopathology confirmed a metas-
tasis of ACC. Systemic chemotherapy with etoposide, doxorubicin 
and cisplatin (EDP) was initiated. Restaging approximately one 
month after administration of the third cycle of EDP with contin-
ued mitotane (EDP-M) showed progressive disease with two new 
liver metastases while there was no evidence of peritoneal seeding. 
We performed HDR-BT of both liver lesions to a tumor enclosing 
dose of 25 Gy using 192Ir.

After six weeks, no metabolic activity of the irradiated liver me-
tastases was demonstrated in 18F-FDG PET/CT (18F-fluorodeoxy-
glucose Positron Emission Tomography combined with Computed 
Tomography) imaging but new metastases were documented in-
traperitoneally in contact with the large curvature of the stomach, 
caudal to the left kidney, and in the liver. EDP-M was reinitiated for 
four further cycles, but the subsequent PET/CT showed progres-
sive disease again. The decision was made to treat the third liver 
metastasis with HDR-BT (25 Gy) and the peritoneal metastasis with 
magnetic resonance imaging (MRI)-guided external stereotactic 
body radiation therapy (5 × 6 Gy, 65 % isodose). After a total of seven 
cycles, EDP-M was discontinued with disease progression of hepat-
ic and peritoneal metastases (▶Fig. 1a).

Fourteen months after initial diagnosis of ACC and seven months 
after the first HDR-BT, off label immunotherapy with pembrolizum-
ab (200 mg q3w) was started and mitotane was discontinued. Re-
staging after six cycles of CPI therapy revealed regression of all me-
tastases but still showed FDG uptake in a pararenal tumor. After two 
more cycles of pembrolizumab, a third HDR-BT was performed. 20 Gy 
were applied to the left sided pararenal metastasis. The following 
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restaging visits showed continuing marked regression of systemic 
tumor burden.

After 14 cycles of pembrolizumab, the patient presented with 
hyperkalemia and was diagnosed with new onset hypoaldoster-
onism. Fludrocortisone replacement was started, and serum po-
tassium normalized. After the 23rd cycle of pembrolizumab, the 
patient showed signs of autoimmune thyroiditis (grade 1) with 
transiently lowered TSH, which normalized over time without spe-
cific treatment. She also developed gastroduodenitis (grade 3) that 
required hospitalization. The etiology remained unclear but sys-
temic CPI therapy and/or prior radiotherapy were deemed possible 
causes. After treatment with systemic glucocorticoids, symptoms 
improved. At the latest oncologic follow up 2.5 years after initial 
diagnosis of ACC, the patient did not show any metabolically active 
tumor on 18F-FDG PET/CT imaging (▶Fig. 1d).

Case 2
Patient 2, a 53-year-old woman with resistant hypertension under-
went laparoscopic adrenalectomy for suspected pheochromocy-
toma of 5.1 cm detected on MRI. Postoperative histopathology re-
vealed ENSAT stage III adrenocortical carcinoma.

Shortly after the initial surgery, a second-look radical retroper-
itoneal lymphadenectomy was performed and could exclude lymph 
node metastases. Mitotane treatment was started postoperative-
ly. Four months after surgery, there was no evidence of remaining 
ACC on 18F-FDG PET/CT. Due to side effects including fatigue, con-
fusion, tremor, and impaired vision mitotane was discontinued 
after six months. One year after diagnosis, PET/CT showed local re-

currence and metastases in both lungs as well as mediastinal and 
hilar lymph node metastases. Therefore, chemotherapy with EDP 
was started. After six cycles of EDP (the last three of which com-
bined with mitotane, EDP-M), restaging demonstrated a good re-
sponse to treatment with significant regression of tumor burden. 
Mitotane monotherapy was continued but after three months, 
marked progression was observed. Severe polyneuropathy preclud-
ed a rechallenge with EDP, so the patient received streptozotocin 
instead. After the first cycle of streptozotocin, moderately hypof-
ractionated intensity modulated radiotherapy of the local recur-
rence with 5 × 3 Gy per week to a total dose of 42 Gy using 6 MV 
photons was performed. The same radiation regimen was applied 
to the mediastinal lymph node metastases.

Under therapy with streptozotocin, progressive disease was ev-
ident with progression of pulmonary metastases and a new metas-
tasis adjacent to the left kidney. The irradiated local recurrence only 
showed slight regression while the mediastinal lymph nodes re-
sponded well to radiation therapy. The decision was made to per-
form video assisted thoracoscopic surgery on one of the pulmo-
nary metastases to obtain material for molecular analysis of the 
tumor. Mitotane was discontinued and EDP restarted again after 
improvement of polyneuropathy.

After another two cycles of EDP (total of eight cycles of EDP), 
18F-FDG PET/CT showed further disease progression of virtually all 
non-irradiated metastases (▶Fig. 1b). In light of this, we decided 
to start off-label treatment with 200 mg pembrolizumab q3w. Restag-
ing after four cycles of pembrolizumab revealed progressive disease 
with new liver metastases. We decided to continue pembrolizumab 
beyond progression. Imaging after five months of pembrolizumab 

▶Fig. 1	 18F-FDG PET/CT before and after pembrolizumab. Anterior view of maximum intensity projections. a–c: Images before initiation of pem-
brolizumab; d–e: Most recent images at data cut-off.
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demonstrated regression of most metastases, however the liver 
metastases increased in size and FDG uptake. Because of this, HDR-
BT of three liver metastases using 192Ir was performed to a dose of 
20 Gy. Four months later, PET/CT showed a good local response to 
brachytherapy but overall, only a mixed response. We proceeded 
with HDR-BT of the newly developed liver metastases and a tumor 
of the left renal pelvis. 15 Gy and 16 Gy were applied, respectively. 
During this hospital stay, the patient suffered from severe hyper-
tension and hypokalemia. Biochemically, she showed marked hy-
percortisolism so an adrenostatic therapy with metyrapone was 
initiated. One week later, HDR-BT with 20 Gy of one more liver le-
sion, the local recurrence and a pararenal tumor was performed.

At restaging after one month, the patient presented with pro-
gressive disease (▶Fig. 1e) and overt Cushing’s syndrome. She was 
admitted for medical treatment of the cortisol excess. During this 
stay she developed severe COVID-19. Despite antiviral therapy with 
remdesivir and molnupiravir, she developed deep vein thrombosis 
and pulmonary embolism (PE) as well as COVID-19 pneumonia. The 
patient died 2.5 years after the initial diagnosis of ACC from res-
piratory failure as a complication of COVID-19 with PE.

Case 3
Female patient 3 was diagnosed with adrenocortical carcinoma at 
the age of 27 years. Initially, she presented with adrenal Cushing’s 
syndrome and a left sided adrenal tumor. Biochemically, she 
showed cortisol and androgen excess. She underwent left sided 
adrenalectomy, nephrectomy, ureterectomy and retroperitoneal 
lymphadenectomy. Histopathology revealed ENSAT stage III ACC. 
Mitotane was started shortly after surgery. Lung metastases ap-
peared seven months later. The patient declined chemotherapy 
with EDP at that point. Instead, the mitotane dose was increased 
due to subtherapeutic plasma levels.

At the next visit three months later, imaging revealed progres-
sive pulmonary metastases. The decision was made to start EDP-
M. Two days after the second cycle, the patient presented to our 
emergency department with an influenza A infection and moder-
ately severe adrenal crisis, which had to be treated with i. v. hydro-
cortisone. Staging after the third cycle of EDP-M demonstrated sta-

ble disease and we chose to continue therapy with another three 
cycles of EDP-M. PET/CT after six cycles of chemotherapy contin-
ued to show stable disease, so we decided to surgically remove the 
two pulmonary metastases. Additional radical thoracic lymphad-
enectomy did not show any affected lymph nodes. At the next two 
follow up visits after surgery, imaging showed no remaining tumor.

The following restaging revealed a new lesion of the right lung 
that progressed consecutively. Thirty-nine months after initial di-
agnosis, there was evidence of a large liver metastasis as well as 
progressive pulmonary metastases. The single liver metastasis was 
treated with two sessions of HDR-BT with doses of 20 Gy each 
(▶Fig. 2). Seven months after brachytherapy, the liver metastasis 
showed further regression, but pulmonary metastases had pro-
gressed significantly. Second line chemotherapy with streptozoto-
cin was initiated but followed by progressive disease after four cy-
cles with continued mitotane. Due to further progression of pulmo-
nary metastases, we decided to start treatment with temozolomide. 
18F-FDG PET/CT after three cycles demonstrated marked progres-
sion of pulmonary metastatic burden (▶Fig. 1c) before CPI thera-
py with 200 mg of pembrolizumab q3w was started. The first eval-
uation after four cycles of pembrolizumab revealed a mixed re-
sponse with mainly regressive pulmonary metastases, so 
immunotherapy was continued. After the fifth cycle, the patient 
developed a grade 3 CPI-induced colitis which required hospital ad-
mission and i. v. prednisolone. Pembrolizumab was paused for one 
month. Following re-initiation of pembrolizumab, grade 3 CPI-in-
duced colitis recurred. After a four month pause of pembrolizum-
ab and starting infliximab therapy, immune checkpoint blockade 
was resumed.

Staging after ten cycles of pembrolizumab demonstrated a pro-
nounced partial remission with significant reduction of pulmonary 
metastatic burden and no new metastases. Immunotherapy had 
to be halted due to grade 2 pneumonitis. Imaging following five 
months without antitumoral therapy showed stable disease. One 
month later, the patient presented to our emergency department 
with headache, vomiting and incomplete left hemianopsia due to 
a large parietooccipital metastasis of the right hemisphere with 
perifocal edema and a midline shift. The tumor was resected, and 

▶Fig. 2	 First HDR brachytherapy of patient 3. a: CT of three brachytherapy catheters placed into a liver metastasis; b: Calculated isodoses for 
brachytherapy of the same metastasis; c: 18F-FDG PET/CT before (top), and after (bottom) brachytherapy but before initiation of pembrolizumab.
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the resection cavity was stereotactically irradiated with 5 × 5 Gy to 
25 Gy, 80 % isodose. At the latest follow up, four months after di-
agnosis of the brain metastasis and seven years after initial diag-
nosis of ACC, the 18F-FDG PET/CT showed only a single metaboli-
cally active metastasis in the right lung (▶Fig. 1f). This lesion was 
treated with stereotactic radiotherapy in 3 fractions of 13.5 Gy, 65 % 
isodose.

Discussion
Here we present three cases of female patients with metastatic 
adrenocortical carcinoma and progressive disease after standard 
chemotherapy regimens (▶Table 1). All of them received HDR-BT 
of metastases as well as CPI therapy with pembrolizumab (▶Table 
2). The two patients who underwent brachytherapy before CPI in-
itiation (Cases 1 and 3) demonstrated marked therapy response 
but also suffered from grade 3 immune-related adverse events 
(irAE). The third patient (Case 2) was started on pembrolizumab 
prior to brachytherapy and developed uncontrolled glucocorticoid 
excess. She did not experience irAE but also did not respond to CPI 
treatment. At the latest follow up, one patient was in complete re-
mission, one patient had a pronounced treatment response with 
only one metabolically active metastasis remaining on 18F-FDG 
PET/CT and one patient had died.

Currently, only very limited therapeutic options for advanced 
ACC exist [11, 17]. Beyond mitotane, which has a response rate of 
approximately 20 % in monotherapy [18], EDP-M is the only treat-
ment with strong evidence for efficacy. Immune checkpoint block-
ade has been used successfully in a wide range of different malig-
nancies and presents a promising therapeutic option for rare can-
cers. In ACC, a limited number of mostly small prospective trials 

with CPI therapy have been performed. These studies demonstrat-
ed relatively low efficacy [2–6]. The largest and most recent retro-
spective analysis reported objective response rates of 13.5 % to im-
mune checkpoint blockade in ACC [9].

Low effectiveness of active immunotherapies like CPI in ACC may 
in part be due to the immunosuppressive microenvironment of 
cortisol-producing tumors. Landwehr et al. demonstrated that glu-
cocorticoid excess correlates with reduced T cell infiltration and 
worse prognosis in ACC [10]. In accordance with this hypothesis, in 
patient 2, who showed overt cortisol excess despite high dose med-
ical treatment, initial response of some metastases to checkpoint 
blockade could not be sustained. Looking into this potential mech-
anism as a treatment strategy, there is currently an active trial in-
vestigating a combination therapy of pembrolizumab and relaco-
rilant, a glucocorticoid receptor antagonist (NCT04373265). Pa-
tients 1 and 3, who had a pronounced systemic response to CPI 
treatment, were on hydrocortisone replacement during immuno-
therapy and did not show signs of hypercortisolism.

Radiotherapy plays an increasing role in the treatment of ACC. 
It can be beneficial both adjuvantly, in patients at high risk of recur-
rence [19], but also in the management of metastases [20–22]. Ra-
diotherapy is therefore recommended by current guidelines for the 
control of imminent complications or oligometastatic disease [23]. 
Additionally, there is preliminary evidence that peptide receptor 
radionuclide therapy may be beneficial in some patients with ACC 
[24].

While evidence is accumulating for the use of locoregional ther-
apies such as cryoablation [25] or radiofrequency ablation [26] in 
oligometastatic ACC, experience with HDR-BT in ACC has not been 
reported to our knowledge. Our case series demonstrates the fa-
vorable local outcome of this interventional method with complete 

▶Table 1	 Patient characteristics.

Patient 1 Patient 2 Patient 3

Sex female female female

Age at diagnosis (years) 20 53 27

ENSAT Stage at diagnosis III III III

Ki67 expression of primary tumor 30 % 20 % 15 %

MMR protein expression intact intact intact

PD-L1 expression TPS 1 %, IC score 0 %, CPS 1 no expression no expression

Steroid excess A, G A, G A, G

Mitotane yes yes yes

EDP (cycles) 7 8 6

Streptozotocin (cycles) – 4 4

Temozolomide (cycles) – – 3

Metastases liver, pararenal, subphrenic, intraperito-
neal

liver, pararenal, lungs, 
mediastinal LN

liver, lungs, brain

Status at data collection cut-off complete remission deceased partial remission

MMR: Mismatch repair (MLH1, MSH2, MSH6, PMS2); A: Androgens; G: Glucocorticoids; TPS: Tumor proportion score; IC: Immune cell; CPS: Combined 
positive score.
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or partial remission observed in all treated metastases. Of note, 
two of the patients presented in this study not only benefited from 
ablation of liver metastases through brachytherapy but also re-
ceived successful ablative treatment of retroperitoneal metastases 
supporting the feasibility of HDR-BT in the treatment of multiple 
tumoral locations.

It is important to note that beyond local tumor control, two of 
the patients experienced profound remissions of their advanced 
ACC. Indeed, the marked morphological and metabolic response 
of pulmonary and abdominal metastases, which were not treated 
with HDR-BT, is suggestive of an abscopal effect. Radiotherapy 
leads to the release of antigens from tumor cells in combination 
with damage associated molecular patterns [27]. This immuno-
genic cell death caused by ionizing radiation can induce T cell prim-
ing and is thought to be a key mechanism behind the abscopal ef-
fect. The addition of radiotherapy to CPI treatment can lead to an 
improved systemic antitumoral immune response [28]. However, 
using low doses per fraction appears to come with reduced immu-
nogenicity [16]. Intriguingly, brachytherapy delivers a high dose of 
radiation per session, which may be beneficial for inducing immu-
nogenic cell death and a systemic antitumoral immune response. 
Another advantage of combining brachytherapy with immunother-
apy might be the highly focused application of radiation sparing 
the tumor draining lymph nodes, which play an important role in 
the generation of an abscopal effect [29].

Preclinical data show that the timing of checkpoint blockade in 
relation to radiotherapy matters and that CPI application after ir-
radiation can lead to an enhancement of the abscopal effect as 
compared to the inverse sequence of treatments [30, 31]. The two 
patients in this series who responded well to CPI treatment under-

went brachytherapy prior to pembrolizumab. The patient who re-
ceived brachytherapy after initiation of pembrolizumab demon-
strated a limited systemic response even though it must be consid-
ered that she had been treated with image-guided radiation 
therapy of the lung hilus seven months prior to initiation of CPI.

It has to be noted, that one of the responders experienced a 
symptomatic brain metastasis after CPI treatment, which is an ex-
tremely rare occurrence in ACC otherwise. It is possible that the 
therapeutic pressure of immune checkpoint blockade favored es-
cape in the immunologically privileged central nervous system. 
Brain imaging should therefore be considered in patients with ACC 
who respond to immunotherapy.

Several important limitations apply to this report. First, this is a 
very small retrospective case series in a single center setting with 
pronounced heterogeneity of patient characteristics and both prior 
and concurrent therapies (▶Table 1). It must be noted that all pa-
tients had previously received but discontinued mitotane at the 
time of immunotherapy and demonstrated subtherapeutic plasma 
concentrations (8.87 mg/l, 7.36 mg/l, 6.6 mg/l in patients 1–3, re-
spectively) before initiation of pembrolizumab. The two patients 
who showed a pronounced systemic response to immunotherapy 
were taking mitotane during their initial brachytherapies. Present-
ly, the immunological impact of mitotane is unknown. There are 
open questions whether mitotane can induce immunogenic cell 
death and if synchronous combination of mitotane with CPI may 
adversely impact the antitumoral immune response. Of note, mi-
totane treatment was permitted in some but excluded in other pub-
lished trials of immunotherapy in ACC [2–6]. However, this did not 
explain the different outcomes. In a large retrospective case series, 
mitotane treatment appeared to be associated with shorter pro-

▶Table 2	 Summary of CPI treatments and radiotherapies.

Patient 1 Patient 2 Patient 3

Pembrolizumab (cycles) 23 15 10

irAE thyroiditis grade 1, 
gastroduodenitis grade 3

– colitis grade 3, pneumonitis grade 2

EBRT retroperitoneal soft tissue local recurrence, mediastinum brain, lung

Total dose, isodose and fractions 30 Gy, 65 % isodose, 5 
fractions

42 Gy each, ICRU, 14 fractions brain: 25 Gy, 80 % isodose, 5 fractions lung: 
40.5 Gy, 65 % isodose, 3 fractions

Time from diagnosis to first 
brachytherapy (years)

0.6 2.9 3.4

Brachytherapy #1 location liver liver liver

Dose 25 Gy each (2 lesions) 20 Gy & 19 Gy (2 lesions) 20 Gy each (3 lesions)

Brachytherapy #2 location liver liver, renal liver

Dose 25 Gy 15 Gy & 16 Gy (2 lesions) 20 Gy 

Brachytherapy #3 location pararenal liver, pararenal, adrenal –

Dose 20 Gy each (2 lesions) 20 Gy each (3 lesions) –

Best response local CR PR PR

Best response systemic CR PR PR

EDP: Etoposide, doxorubicin, cisplatin; irAE: Immune-related adverse events; EBRT: External beam radiation therapy; ICRU: International Commission 
on Radiation Units and Measurements; CR: Complete remission; PR: Partial remission.
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gression-free and overall survival in patients treated with pembroli-
zumab and nivolumab [9].

Additionally, all patients had tumors characterized by androgen 
and cortisol secretion. Effects of this treatment approach on 
non-secreting tumor could not be assessed in study.

Finally, in many reference centers HDR-BT is not available due 
to the specialized infrastructure and expertise required in both in-
terventional radiology and radiation oncology.

Conclusion
In conclusion, these cases highlight the opportunities of combin-
ing immune checkpoint blockade with HDR-BT in advanced adren-
ocortical carcinoma. Our observations provide a rationale for fu-
ture prospective observational trials evaluating the efficacy of com-
bination treatments and highlight the potential relevance of 
insufficient T cell priming in ACC.
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