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Abstract

Purpose: Adrenocortical carcinoma (ACC) is a rare and highly aggressive malignant neoplasm, usually diagnosed in
advanced stage. Role and efficacy of adjuvant radiotherapy has not been well defined. The objective of this study is to
describe the various clinical characteristics and prognostic factors affecting the survival of ACC along with the role
radiotherapy on overall survival and relapse free survival.

Methods: A retrospective analysis of 30 patients registered between 2007 and 2019 was carried out. The medical records
containing clinical and treatment details were analysed. Data was analysed using SPSS 25.0. Survival curves were computed
using Kaplan-Meier method. Univariate and multivariate analyses were performed to analyze the prognostic factors af-
fecting the outcome. A p value of less than 0.05 was considered to be statistically significant.

Results: The median age of patients was 37.5 years (range, 5–72 years). 20 patients were females. Twenty-six patients had
advanced stage (III/IV) disease while only four patients presented in early stage. Twenty-six patients underwent total
adrenalectomy. Eighty three percent patients received adjuvant radiation therapy. The median follow up was 35.5 months
(range, 7 monthss-132months). The estimated three- and 5-years overall survival (OS) was 67.2% and 23.3%, respectively.
Capsular invasion and positive margins were the independent prognostic factors influencing both OS and relapse free
survival (RFS). Out of 25 patients who received adjuvant radiation, only three patients had local relapse.

Conclusion: ACC is a rare and aggressive neoplasm with majority of patients presenting in advanced stage. Surgical
resection with negative margins remains the mainstay of treatment. Capsular invasion and positive margins are independent
prognostic factors for survival. Adjuvant radiation reduces the risk of local relapse and is well tolerated. Radiation can be
used effectively in adjuvant and palliative settings in ACC.
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Introduction

Adrenocortical carcinoma (ACC) is a rare and highly malignant
tumor with incidence of 0.5–2 per million people per year with
mortality accounting to 0.2% of all cancer related deaths
globally.1-3 It is an aggressive malignancy with majority of the
patients presenting in advanced stage. Locally advanced and
metastatic stage (III/IV) accounts for almost 50% of total ca-
ses.4-6 Surgical resection remains the mainstay of treatment.7,8

The impact of surgical margin status on outcome in ACC is not
clearly defined. In a multicentric database of 165 patients by
Margonis et al.,9 median survival was 96.3 months for patients
undergoing R0 resection as compared to 25.1 months for pa-
tients undergoing an R1 resection. Positive surgical margin
status was associated with poor survival. However, in some
studies, margin status did not influence overall survival
(OS).10,11 Despite advancements in surgical techniques, the
prognosis of ACC patients still remains guarded. Recurrence
rates of as high as 85%have been reported in literature.12,13 This
justifies the need for exploring effective adjuvant therapies to
reduce the risk of relapse and improve survival. Due to rarity of
ACC, there has been paucity of data evaluating the effect
of adjuvant treatment on outcome of disease. There is dearth of
quality evidence on use of adjuvant mitotane therapy and ra-
diation therapy because of lack of prospective randomized trials.
In a single centric large retrospective study of 391 patients of
ACC by Else et al.,14 adjuvant mitotane therapy and radiation,
improved relapse free survival (RFS), but failed to improve OS.
The results have been mixed with some studies showing no
improvements in RFS or OS with adjuvant mitotane and
radiation.15,16 However, definitive data regarding the efficacy
and indications of adjuvant systemic and radiation therapy have
been missing and the benefits of adjuvant therapy remains
controversial. In the past, ACC was considered radio-resistant
entity. But the sample size in older studies undermining the role
of radiation was very small, hence limiting the power of studies.
With the advent of modern and precise techniques of radiation,
the ability to deliver tumoricidal dose has been greatly en-
hanced. Recent studies have indicated significant improvement
inOS andRFSwith adjuvant radiation therapy.4,17,18 This study
was undertaken to explore the potential prognostic factors, role
of radiation and its impact on outcome in patients diagnosed
with ACC.

Materials and methods

This retrospective study reviewed the medical records of
30 patients treated between 2007 and 2019 at a single re-
gional cancer institute. All patients with histological proof

of ACCwere included in the study. Patients with incomplete
medical records were not enrolled in the study. Patient
charts were reviewed for demographic factors, treatment
details including surgery, radiation therapy and chemo-
therapy details, pathological factors, TNM staging
(American Joint Committee on Cancer), and treatment re-
sponse. Patients were staged according to eighth edition of
the TNM staging system. Pathological factors included
tumor size, grade of tumor, mitotic index, Weiss score,
margin status and capsular invasion. Detailed histopatho-
logical reports were examined to evaluate all these factors.

Adjuvant radiation was given in patients with margin
positive disease, patients with tumor spillage at time of surgery,
high grade disease and all stage III patients. For radiation
treatment planning, contrast enhanced planning computed
tomography (CT) was taken for all patients in supine position
using a multislice CT scanner with a slice thickness of 2.5 mm
(GE Healthcare Technologies). The images were then trans-
ferred to Eclipse TM treatment planning system (v8.6, Varian
Associates). The dose of adjuvant radiation was 45 Gy in
25 fractions over 5 weeks and for palliative RT was 30 Gy in
10 fractions over 2 weeks. The clinical target volume (CTV)
included tumor bed (which was delineated using preoperative
CT films) and locoregional lymph nodes. The Planning target
volume (PTV) was created by a 1-cm isotropic margin to CTV
to account for setup and motion uncertainties. Radiation
planning was done with three-dimensional conformal radio-
therapy (3DCRT) in the initial years and evolved with time
with later patients planned with volumetric modulated arc
therapy (VMAT) with 6 MV photons.

Mitotane was given in adjuvant setting in patients with
high risk of recurrence (capsular or vascular invasion,
margin positive, large tumor size). The patients were started
on dose of 500 mg thrice a day and gradually increased to
1 gram thrice a day. The main issues in compliance with
Mitotane were the cost and unavailability of the drug.

Chemotherapy with EDP regimen was given to patients
in stage IV or on relapse. The EDP regimen consisted of
Etoposide 100 mg/m2 on days 2, 3 and 4, Doxorubicin
40 mg/m2 on day 1, and Cisplatin 40 mg/m2on days 3 and
4 given every four weeks.

Treatment response was evaluated for local and distant
recurrence using RECIST scale (Response Evaluation
Criteria in Solid Tumors). Complete response was defined
for total disappearance of all target lesions; partial response
was defined for 30% reduction in tumor size, 20% increase
in tumor size being labelled as progressive disease while
changes not meeting any of the above dimensions were
deemed as stable disease.
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Data analysis was done using Statistical Package for
Social Sciences (SPSS) version 25.0. OS was defined as
time from diagnosis till death or last follow up while RFS
was defined as time from diagnosis till local/distant re-
currence or last follow up. Patients were contacted to review
the latest condition and imaging to calculate OS and RFS.
Survival curves andrates were calculated using the Kaplan-
Meier method. Univariate analysis for prognostic factors
was done by log-rank test. Multivariate analysis was per-
formed by Cox’s regression model. A p-value <0.05 was
taken as statistically significant and variables with p <
0.05 on univariate analysis were selected for multivariate
analysis.

Results

A total of 30 patients were registered at our department.
Median age at presentation was 37.5 years (range, 5–
72 years). Twenty (66.67%) patients were female. Only four
patients (13.33%) had early stage (I/II) while 26 (86.67%)
presented with advanced stage (III/IV). Baseline patient
characteristics are tabulated in Table 1. Various histopath-
ological factors including tumor size, vascular invasion,
capsular invasion, high mitotic index defined as more than
five mitoses per 50 high power fields and margin status were
assessed. Vascular invasion was present in 26% and cap-
sular invasion was seen in 80% of the patients. 40 percent of
the patients had involved margins. The histopathological
parameters are described in Table 2.

Treatment and outcome

Adrenalectomy was performed in 26 patients (86.67%) and
four (13.33%) patients underwent En bloc resection. Lymph
node dissection was done only in four patients (13.33%).
Adjuvant radiation was given in 25 patients (83.33%) and

palliative radiation in one patient. All patients tolerated
radiation well with no breaks and toxicities. Grade II skin
reactions (RTOG grade) was the most common toxicity
reported with no incidence of grade III/IV toxicities.
20 patients were advised adjuvant Mitotane based on risk
factors but only 12 patients received and rest eight refused
due to financial constraints. The median duration of treat-
ment with Mitotane was 7.8 months (range, 3–13 months).
Eighteen patients (60%) received systemic chemotherapy
with EDP regimen (patients who presented with metastatic
disease or who developed relapse during the course of
disease). The treatment details are summarized in Table 3.

The median follow up was 35.5 months (range,
7 months�132 months). In total, 17 patients experienced a
relapse or progression of disease. Local failure alone was
seen in three patients, local and distant relapse in five pa-
tients, and distant metastasis in nine patients. Most common
site of distant metastasis was lungs (n = 7) followed by liver
(n = 5) and bone (n = 2).

At the end of follow up, 16 patients (53.33%) were alive
while 14 expired (46.67%). The 3-years OS and RFS was
67.2% and 45.4%, respectively while 5-years OS and RFS
was 23.3% and 15%, respectively (Figures 1 and 2).

Survival was compared in terms of age (<50 vs ≥50 years),
gender (males vs females), tumor size (<10 cm vs ≥10 cm),
mitotic index (<5/50 HPF vs ≥5/50 HPF), capsular invasion
(present vs absent), margins (positive vs negative), stage
(early vs advanced), radiation therapy and adjuvant Mito-
tane (Table 4). There was no significant difference in OS and
RFS rates between age groups less than or equal to more
than 50 years, males versus females, tumor size, and mitotic
index, respectively. At univariate analysis, patients with
capsular invasion and positive margins were associated with

Table 1. Patient characteristics.

Age (years)

Median 37.5
Range 5–72
Gender, n (%) —

Male 10 (33.33)
Female 20 (66.67)

Stage, n (%) —

I 0
II 4 (13.33)
III 21 (70)
IV 5 (16.67)

Laterality, n (%) —

Right 16 (53.33)
Left 14 (46.67)

Table 2. Histopathological features.

Vascular invasion N (%)

Present 8 (26.67)
Absent 16 (53.33)
Unknown 6 (20)
Capsular invasion, n (%) —

Present 24 (80)
Absent 4 (13.33)
Unknown 2 (6.67)

Tumor size, n (%) —

>10 cm 13 (43.33)
<10 cm 17 (56.67)

Margin status —

Positive 12 (40)
Negative 18 (60)

High mitotic index >5/50, n (%) —

High 23 (76.67)
Low 7 (23.33)

Khosla et al. 3



poor OS and RFS and both retained significant predictive
value for recurrence and survival at multivariate analysis
(Table 5).

Three out of 25 patients who received adjuvant radiation
developed local recurrence. Adjuvant radiation and Mito-
tane has not significantly affected the prognosis in terms of
OS and RFS with non-significant p values.

Discussion

Due to the rarity of ACCs, a large-scale analysis for various
prognostic factors and adjuvant therapies on patient out-
come are difficult to conduct. This study demonstrates that
despite multiple improvements in the diagnosis and treat-
ment of solid malignancies over the past three decades,
ACC continues to be a highly lethal malignancy with poor
overall survival. This study represents the data from a single
tertiary health care centre. The main finding of this study is
that capsular invasion and positive margins results in a
significant reduction in overall survival and enhances the
risk of local recurrence in patients with ACC.

Table 3. Treatment details.

Type of surgery N (%)

Biopsy only 0
Adrenalectomy 26 (86.67)
En bloc resection 4 (13.33)
Lymph node dissection, n (%) —

Dissection 4 (13.33)
None 26 (86.67)

Time from diagnosis to radiation (months) —

Median 4
Range 2–12

Radiation, n (%) —

Received 26 (86.67)
Not received 4 (13.33)

Radiation intent, n (%) —

Adjuvant 25 (83.33)
Palliative 1 (3.33)

Chemotherapy, n (%) —

Mitotane 12 (40)
Intravenous chemotherapy 18 (60)

Figure 1. Kaplan-Meier survival analysis curves showing overall survival (OS).
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Figure 2. Kaplan-Meier survival analysis curves showing relapse free survival (RFS).

Table 4. Prognostic factors (univariate analysis).

Factor Number (n) 5-years OS, %
OS
p value 5-years RFS, %

RFS
p value

Age <50 years 24 46 0.541 20 0.124
Age ≥50 years 6 64 42
Males 10 48 0.848 24 0.532
Females 20 44 16
Tumor size ≥10 cm) 13 38 0.511 28 0.819
Tumor size <10 cm 17 56 50
Mitotic index ≥5/50 HPF 23 62 0.394 16 0.795
Mitotic index <5/50 HPF 7 66 18
Capsular invasion present 24 0 0.0002 0 0.0001
Capsular invasion absent 6 64 24
Positive margin 12 10 0.04 18 0.04
Margin uninvolved 18 84 38
Advanced stage (III/IV) 26 36 0.039 16 0.258
Early stage (I/II)) 4 100 38
Radiation received 26 44 0.698 40 0.366
Radiation not received 4 29 18
Mitotane given 12 62 0.550 24 0.265
Mitotane not given 18 50 17
Chemotherapy given 18 44 0.907 16 0.428
Chemotherapy not given 12 62 50

Khosla et al. 5



ACC can occur at any age and has bimodal age distri-
bution with first peak in first decade and second peak in
fourth and fifth decade.19 Contrary to other studies, median
age in our study was 37.5 years5,15,16 There was no bimodal
age distribution. The other clinical characteristics reported
in this study were comparable to other studies.5,13-16 ACC
occurs with more frequency in females than in males as was
seen in our study also.5,14,16 The effect of clinical charac-
teristics on disease outcome in ACC is debatable.

Our data confirmed tumor stage, extent of resection,
margin status and capsular invasion as established prog-
nostic factors. Capsular invasion which is a pathological
factor is an important prognostic marker for ACC. Though it
has not been extensively studied in the past. We analysed the
prognostic potential of this factor. We concluded that it
significantly hampers the overall survival and relapse free
survival. Similar to study by Kim et al.,20 presence of
capsular invasion was independent prognostic factor for OS
and RFS in our patient cohort. Therefore, it is pertinent to
thoroughly examine the tumor capsule to rule out capsular
and vascular invasion as these are associated with high risk
of recurrence. Patients with capsular invasion has got poor
survival with high chances of local recurrence.

Data on the use of adjuvant systemic therapy and ra-
diation therapy has been mixed due to lack of prospective
randomized trials. Due to the rarity of disease, the published
studies have limitation of small sample size. In a study by
Percarpio and Knowlton in 1976, it was observed that
significant palliation was achieved with radiation in all
patients.21 Since then, various reports suggesting role of
radiation in improving OS and RFS in ACC have been
published. In a retrospective study by Fassnachtet al.17 from
the German ACC registry, 28 patients were recruited.
Outcomes were compared between 14 patients who re-
ceived adjuvant radiation and 14 patients who did not re-
ceive radiation and both the groups were matched for
resection status, use of adjuvant mitotane, stage, and tumor
size. Local recurrence occurred in two of 14 irradiated
patients compared to 11 of 14 who did not receive radiation.
Local RFS was significantly different between two groups
but disease-free survival and OS were not significantly
different. Similar conclusion was drawn by Sabolch et al.4

who evaluated the effect of radiotherapy (adjuvant and
definitive) on local control of ACC. Risk of local failure was
4.7 times more without use of radiation as compared with
treatment regimens that included radiation. Thus, the

authors concluded that radiotherapy should be considered in
the adjuvant setting and highly recommended in advanced
stage and larger tumor size. Improved local control after
adjuvant radiation refuted the point that ACC is resistant to
radiation. In our study, five patients who did not receive
radiation witnessed recurrence within 1 year of diagnosis,
whereas out of 25 patients who received radiation, only
three had local relapse. Though the results were not sig-
nificant for both OS and RFS, though this can be attributed
to the small sample size in our study.

Adjuvant radiation is recommended in patients with high
risk of local relapse such as incomplete resection, stage III,
tumor spillage at time of surgery, large tumor size and high
grade tumor.22 With refinements in radiation therapy
techniques, surrounding critical organs can be spared and
adequate radiation dose can be safely delivered to tumor bed
and locoregional lymph nodes. In our study, we adminis-
tered 45 Gy as adjuvant radiotherapy to patients meeting
above mentioned criteria. None of the patients in our series
developed grade 3 or four toxicity and all patients tolerated
treatment well without any breaks. Polat et al.22 reviewed
the published data and reported their experience and found
that 52 (57%) of 91 patients benefitted from palliative ra-
diation. In our series only one patient received palliative RT
with 30 Gy and the palliation was achieved. Hence, radi-
ation gives local control in adjuvant setting and relieves
palliative symptoms in metastatic disease in ACC.

Margin status plays a vital role in the prognosis of ACC.
Complete surgical resection with negative margins is the
treatment of choice and co-relates with favourable prog-
nosis.3 R1 or R2 resection is an independent poor prognostic
factor associated with worst OS of 20 and 15%, respec-
tively.3 Similar conclusion was drawn from our study.
Survival was significantly worse in patients with margin
positive disease as compared to patients with negative
margins (p = 0.04) in the current report.

In a retrospective single centre study by Else et al.,14

adjuvant treatment with mitotane but not radiation signif-
icantly improved RFS without any effect on OS. When both
the treatments are given in combination, these affect RFS,
and radiation increases local tumor control by preventing
tumor bed recurrence and therefore can reduce morbidity
resulting from local relapses. Mitotane has been used in
advanced and adjuvant settings with promising results.
However, recurrence rate of 50% within 5 years have been
observed even in patients who receive mitotane.23,24

The first randomized trial of adjuvant mitotane versus
observation in patients at low-intermediate risk of recur-
rence (the Adjuvo study) failed to show any benefit with
adjuvant mitotane in this group. The addition of adjuvant
mitotane did not improve RFS or OS. The study demon-
strated that patients with low-intermediate risk of recurrence
have better prognosis with 5-years RFS of 75% and can be
cured with surgery alone.25

Table 5. Prognostic factors (multivariate analysis).

Factor p value

Capsular invasion 0.003 (OS) and 0.001 (RFS)
Advanced stage (III/IV) 0.945 (OS)
Positive margin 0.03 (OS) and 0.027 (RFS)
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The study has limitations which are commonly seen in
retrospective analyses, such as small sample size, hetero-
geneity of patient and stage characteristics and treatments.
Owing to the rarity of this disease and the heterogeneous
distribution of patient population, the absolute benefit of
radiation has been underestimated. Furthermore, the eval-
uation of radiation therapy is complicated by differences in
radiation technology and application. Radiation was given
in majority of the patients and only 12% developed re-
currence in the radiation group which is comparable to
literature.14,22 Advancements in radiation techniques has
enabled to deliver tumoricidal doses with sparing of the
surrounding organs at risk; thereby improving the thera-
peutic ratio. Mitotane role as concomitant therapy was not
explored in this study as most of the patients had financial
constraints and compliance was not good due to cost issues
and lack of availability of the drug. Adjuvant radiation is
able to prevent local recurrence in most of the patients as
documented in the current study also, although it remains to
be demonstrated whether this translates into improved
survival.

Conclusion

ACC is a relatively rare tumor with unfavourable prog-
nosis and require multimodality treatment as most of the
patients are diagnosed with advanced stage disease.
Outcome of the disease is mainly driven by the resect-
ability of the tumor and stage. Surgical resection with
negative margins remains the mainstay of treatment. Re-
currence is common despite complete surgical resection.
Capsular invasion and positive margins were independent
poor prognostic factors for survival in our study. Adjuvant
radiation can be safely delivered and is an effective and
safe therapy in controlling local recurrence as well as to
palliate the symptoms in ACC. The study demonstrated
that ACC is not a radioresistant entity and better local
control can be attained with the addition of radiation in
high-risk cases. With the latest advancements, radiation
has a bigger role in adjuvant and metastatic setting in the
multimodality treatment paradigm of ACC. However,
prospective trials are needed to elucidate the effect of
radiation on overall survival.
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