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ABSTRACT

Purpose We reviewed the experience of a tertiary cancer centre in the management of adrenocortical carcinoma
(acc) treated over 40 years. We also searched the literature for guidelines related to the treatment of Acc and for
evidence for adjuvant radiation therapy (RT).

Methods 1n a retrospective chart review, acc patients treated between January 1974 and December 2013 were
identified, and patient demographics and tumour characteristics were extracted. Outcomes data, including dates
and sites of failure, vital status, and cause of death, were collected. Overall survival was estimated using the Kaplan—
Meier method. A MEDLINE search using PubMed, Ovid, and EMBASE was used to review the literature about the role
of rT and any available management guidelines for acc.

Results Of 81 patients identified during the chart review, 39 had confirmed acc. In 32 patients, surgical resection
was performed, includingin 2 patients with M1 disease. Of those 32 patients, 16 received adjuvant systemic treatment
(mitotane or concurrent chemoradiation). Only 6 patients received adjuvant rT, of whom 3 are still alive (2 living
with distant failure). At a median follow-up of 3.8 years, 28 patients had died (72%), 10 were living (26%), and 1 had
been lost to follow-up. Of the 22 patients for whom failure data were available, 2 experienced local failure, and the
rest, distant failure.

Conclusions The current data are insufficient to make treatment recommendations. Use of collaborative databases
and consensus about diagnostic and therapeutic guidelines are warranted for better identification of optimum
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management. Adjuvant RT could be a reasonable option for R1 disease, but further research is needed.
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INTRODUCTION

Adrenocortical carcinoma (acc) is a rare disease with an
annual incidence of 0.5-2 per million population'?. Thus,
no randomized controlled trials have been conducted so
far. As aresult, several international networks, such as the
European Network for the Study of Adrenal Tumours, have
been developed to establish guidelines for the diagnosis
and treatment of the disease.

Surgical resection is the main curative treatment for
both early and advanced disease; however, local and dis-

tant failures are frequent, and survival is poor!. The role of
adjuvantradiation therapy (rT) in this diseaseisill defined.
Ten years ago, the first retrospective trial examining the
role of rRT in the adjuvant setting reported improved local
control with rT3. Subsequent studies reported conflicting
results. A study from the MD Anderson Cancer Center
reported no benefit!, and another study from the Ann
Arbor Group reported a reduced risk of local recurrence
with adjuvant RT in conjunction with mitotane after open
laparotomy®. Additional consolidated research efforts are
needed to address the role of adjuvant Rt in Acc.
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The use of mitotane in the adjuvant setting has become
the standard of care in many centres. So far, no randomized
controlled trial to support this practice has been conduct-
ed. Arandomized prospective trial is currently ongoing to
answer the question of the efficacy of mitotane in prolong-
ing disease-free survival (DEs) in low- to intermediate-risk
Acctreated with radical surgical excision [ap1UVvO (https://
clinicaltrials.gov/ct2/show/NCT00777244)]. For advanced
ACC, mitotane is considered the treatment of choice either
alone or in combination with other cytotoxic agents®”’.

In spite of the increasing research efforts related to
Acgc, there is still a need for further collaborative efforts to
optimize therapeutic options and to improve outcomes.

PURPOSE

Our aim in the present study was to review the experience
of asingle tertiary cancer centre in the management of Acc
treated over a period of 40 years, and to review the literature
for available guidelines about the treatment of Acc and for
available evidence about adjuvant RT in Acc.

METHODS

In a retrospective chart review, International Classifica-
tion of Diseases codes (versions 9 and 10) were used with a
major tertiary cancer centre’s database to identify patients
with acc treated at the centre between January 1974 and
December 2013. The search was then extended to any
adrenal malignancy during the same period.

For the identified patients, data were extracted from
electronic medical records and physical charts. Those
data included

demographics (age at time of diagnosis, sex, geo-
graphic area, genetic diseases, and family history),
diagnosis [date of diagnosis, defined as the date of his-
topathologic diagnosis (biopsy or surgery); diagnostic
imaging; type and date of biopsy; date of referral to the
cancer centre; referral service; service at first visit; and
presenting symptoms],

tumour [laterality, size (gross size if resectable; other-
wise, radiologic measurement), histopathology data
(type, mitosis count, Ki-67, grade, margin, and staging
using the European Network for the Study of Adrenal
Tumours proposed staging system!)],

treatment [date and type of surgery; type of adjuvant
treatment (defined as treatment after surgical resec-
tion); rRT date, intent, dose, fractionation, and volume;
chemotherapy data, including intent and type], and
outcome (date and type of failure, vital status, dates of
death and last follow-up, cause of death).

Statistical Analysis
Overall survival (0s) and prs were calculated from date of
diagnosis. Survival curves were created using the Kaplan—
Meier method. Data are presented as percentages, medians,
ranges, and means.

The literature review with respect to the role of rT
and to guidelines for Acc management used a MEDLINE
search in PubMed, Ovid, and EmBASE with the keywords

” o«

“adrenocortical carcinoma,” “chemotherapy, adjuvant/or
radiotherapy, adjuvant/or combined modality therapy,”
and “adjuvant radiation.”

RESULTS

Centre Experience

Of 81 patients identified in the cancer centre’s database
during the period of interest, 39 had confirmed acc. The
remaining patients were found to have adenoma, pheo-
chromocytoma, or neuroblastoma.

Patient Characteristics

The number of referred patients showed a rising trend
over the preceding 10 years (Figure 1). Median age of
the identified patients was 46 years (range: 18—-82 years),
with median age for the women and men being 39 years
(range: 19-71 years) and 64 years (range: 35-82 years)
respectively (Figure 2). Of the 39 patients, 25 (64%) were
women. Genetic syndromes or family histories of endo-
crine malignancy were absent except for 1 patient with a
family history of pheochromocytoma.

The most common presenting symptoms were ab-
dominal pain (n = 15, 38%) and Cushing syndrome (n = 8,
21%). In 8 patients (21%), an incidental adrenal mass was
found during investigations for other reasons.

Most patients were initially seen by surgeons, either
urologists (=10, 26%) or general surgeons (n=5, 13%). Refer-
rals to the cancer centre came through medical oncologists.

Computed tomography was the main imaging mo-
dality for diagnosis and follow-up. Imaging data were
available for 27 patients, 6 of whom also underwent
magnetic resonance imaging.

Treatment Characteristics and Outcome
Surgery was the main treatment modality in 32 patients.
In 5 patients, the tumour was deemed unresectable or
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FIGURE 1 Incidence of referrals for adrenocortical carcinoma.
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FIGURE 2  Age frequency for adrenocortical carcinoma, by sex.

medically inoperable, and in 1 patient, surgical resection
was attempted, but the procedure was aborted because the
tumour was found to be unresectable. Detailed surgical
data were unavailable for 10 patients (Table 1).

Ofthe 32 patients who underwent surgery, 16 received
adjuvant systemic treatment, including 6 who received
postoperative mitotane and 3 who received adjuvant
chemoradiation. Of the 6 patients who received mitotane,
1 had T4 disease with inferior vena cava thrombosis. That
patientwas treated by open laparotomy, followed both with
adjuvant chemoradiation for positive margins and with
mitotane. Subsequently, that patient developed lung and
peritoneal metastases and was alive at 2 years after diag-
nosis. Another patient had T3 disease treated by laparo-
scopic surgery, followed with adjuvant mitotane. That
patient experienced local recurrence at the tumour bed 8
months after surgery and died of pneumonia. The other 4
patients had T2 disease. Of those 4 patients, 1 received
adjuvantradiation in addition to mitotane, but experienced
systemic failure in the liver, and was alive at 3 years after
diagnosis. The other T2 patients received mitotane alone
as an adjuvant therapy; 2 experienced systemic failure in
lung or liver, and 1 patient stayed disease-free.

Only 6 patients (15%) received adjuvant rRT. One ex-
perienced local failure, underwent salvage surgery, and
remained disease-free. Another 3 patients received adju-
vant concurrent chemoradiation with cisplatin and were
still alive (2 with distant failure).

Of the 8 patients who presented with Cushing syn-
drome (21%), 4 had T2 disease, 2 had T3 disease (1 with
M1), and 2 had T4 disease (1 with M1). Surgery was the
main treatment in 7, and 3 received adjuvant radiation, 1
of whom also received concurrent cisplatin. Of 3 irradiated
patients, 2 are still alive (0s: 90 months free of disease, and
21.3 months living with disease); the 3rd, although free of
Acc, died of an intracranial bleed after developing acute
myelogenous leukemia (0s: 11.5 months).

At a median follow-up of 3.8 years, 28 patients had
died (72%), 10 were alive (26%), and 1 had been lost to
follow-up (Figure 3). Of the 22 patients with available
failure data, 2 experienced local failure, and the rest ex-
perienced distant failure.

TABLE | Patients, tumour, and treatment characteristics

Characteristic Value

Patients (n) 39
Sex [n (%) women] 25 (64.1)
Age (years)

Median 46

Range 18-82
Symptoms [n (%)]

Cushing syndrome 8 (20.5)

Pain 15 (38.5)

Incidental 8 (20.5)

Unknown 8 (20.5)
Laterality [n (%)]

Right 17 (43.6)

Left 19 (48.7)

Unknown 3(7.7)
Size (cm)

Median 12

Range 3-24
Clinical T stage [n (%)]?

11 11(28.2)

1 5(12.8)

% 9 (23)

Unknown 14 (35.5)
Histopathology [n (%)]

Adrenocortical carcinoma (ACC) 32 (82)

Large-cell ACC 2 (5.1)

P incerain of malignancy 3(0]

Poorly different.iated carcinoma, 12.6)

adrenal carcinoma cannot be excluded

Adrenal carcinoma 1(2.6)
Surgical procedure [n (%)]

Laparoscopic adrenalectomy 5(12.8)

Open adrenalectomy 16 (41.0)

Attempted adrenalectomy and closed 1(2.6)

No surgery 5(12.8)

C4 corpectomy 1(2.6)

Unknown type 10 (25.6)

No data 1(2.6)
Radiation [n (%)]

Palliative 9(23.1)

Adjuvant 4(10.3)

Adjuvant chemoradiation® 2 (5.1)
Mitotane [n (%)]

Palliative 4(10.3)

Adjuvant 6 (15.4)

2 By the European Network for the Study of Adrenal Tumors staging

system.
b Using cisplatin.
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FIGURE 3 Overall survival in adrenocortical carcinoma.

Adjuvant RT Evidence and Guidelines

Theliterature search found 423 publications. After exclud-
ing pediatric aAcc and studies or review articles focusing on
systemic therapy, we were left with seventy-one articles.
Those articles included literature reviews, dosimetry, and
basic science related to rT, among which were eighteen
retrospective studies testing the role of rT in the manage-
ment of Acc. Of those eighteen studies, three were duplicate
reports; one dealt with radiation-related toxicity; and one
was an abstract containing insufficient data for analysis
(Table 11). The search also found five guidelines from the
European Society for Medical Oncology (Esmo), the French
National Cancer Institute, the European Association of
Urology, the Italian Society of Endocrinology, and the
European Society of Endocrine Surgeons®12,

DISCUSSION

The rarity of acc explains the limited number of patients
and publications related to the disease. Our study reports
the experience of a single cancer centre in the diagnosis
and treatment of acc. During a period of 40 years, only
39 patients at the centre were found to have true acc, and
all but 1 come from the same Canadian province. In the
most recent 10 years, the number of patients being seen
has been higher, which might be a result of increased ac-
curacy in diagnosis or a real increase in the incidence of
the disease. Ourresults reflect the poor outcomes for those
patients; however, our cohortincluded patients diagnosed
and treated decades in the past. Long-term follow-up of a
more recent cohort is therefore necessary.

Most of our patients were women, as has previously
been reported. The median age of 46 years in our cohort
is similar to that in the German acc registry'® and a large
French single-centre series!*; however, it is younger than
the mean age of 55 reported from the U.S. Surveillance,
Epidemiology, and End Results database'®.

All patients had sporadic acc. The only established
risk factor for accis genetic predisposition!é. Chartreview
atour institution did not show any genetic counselling or
testing, although based on the extracted data, 5 patients
had experienced a prior cancer (non-melanoma skin

cancer, melanoma, high-grade histiocytoma, optic nerve
glioma, prostate carcinoma). One patient had a family
history of pheochromocytoma. Fortunately, our centre
now has an evolving genetic counselling service, and acc
is one of the indications for referral to that service. Those
referrals will be helpful for future studies, especially with
an established prospective database.

In astudy by Chompret and colleagues!” at a children’s
hospital, in which a complete family history was obtained,
the authors reported that in only a small proportion of
patients could the disease be attributed to inherited TP53
germline mutation (associated with a high risk of develop-
ingacc). Theyalsoreported that de novo germline mutation
can be found in the absence of family history. According
to a comprehensive review by Else and colleagues'®, TP53
mutation testing should be considered in all acc patients,
and rt should be considered with caution because of the
possibly higher incidence of second malignancy. Other
reported risk factors are smoking in men and contraceptive
pills in women!8.

Most of the patients were initially seen by a surgeon
and were treated primarily with surgery. The main pro-
cedure was open adrenalectomy. One of the surgically
treated patients had metastatic disease and experienced
an os duration of 47 months, which is consistent with data
suggesting better survival outcomes even with distant or
recurrent disease!%20. Laparoscopic adrenalectomy was
performed in 5 patients (13%), of whom 2 experienced
local failure, and 1, distant failure. According to the Esmo
guideline, opened adrenalectomy is the standard of care for
stages1and 11 and selected stage 111 patients; however, lapa-
roscopic adrenalectomy is considered safe and effective
for pheochromocytoma and incidentaloma. The guideline
emphasizes the importance of performing the procedure
in a centre experienced in both laparoscopic procedure
and oncologic surgery®. That advice is consistent with prior
studies showing a higher risk for peritoneal carcinomatosis
with a laparoscopic approach?b22,

Histopathologic reporting was variable; comments
on mitosis were not consistent, if present at all; and Ki-67
testing was not routine.

Adjuvant Systemic Therapy

There is no guideline for adjuvant therapy for acc, and no
consensus for the use of either or both of mitotane and Rrt.
Therole of adjuvant treatment has notbeen determined, and
itsuseislargelyindividualized. Mitotane is the key adjuvant
systemic therapy in management of Acc, a choice that is
based on retrospective data showing improved DFs, with
or without improvement in 0s?>?4, In a multi-institutional
retrospective study conducted in 8 Italian centres and 47
German centres, better recurrence-free survival (Rrs) was
reported in favour of adjuvant mitotane. Only 4 Italian
centres were using adjuvant mitotane as the standard of
care, and patients treated there (n = 47) were compared with
a control group from the other 4 Italian centres (n = 55) and
with patients in the German centres (n = 75). On multi-
variate analysis, significant improvements in both DFs
and os were observed. After adding 75 German patients
to the control arm as a second comparator, outcome was
still significantly better in favour of adjuvant mitotane.
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However, no randomized trial has been published; an
ongoing randomized prospective trial [apiuvo (https://
clinicaltrials.gov/ct2/show/NCT00777244)] will answer
the question of the efficacy of mitotane in prolonging
DFs in low- to intermediate-risk aAcc treated with radical
surgical excision.

Atthe 2nd Annual International Adrenal Cancer Sym-
posium in 2008, an international panel of physicians and
experts in Acc concluded that the most important predic-
tors of outcome are the completeness of surgical resection
(RO) and the proliferative index. Patients are classified as
low- or intermediate-risk with an RO resection or a Ki-67
index of less than 10%; they are classified as high-risk with
an Rl resection or a Ki-67 index exceeding 10%. The panel
therefore recommended mandatory adjuvant mitotane for
Rlresections and for Ki-67 indices exceeding 10%. No clear
recommendation emerged regarding stage 111 disease with
an RO resection?’,

In the present study, 6 patients received adjuvant mi-
totane, 3 of whom had Ki-67 indices exceeding 10% with

TABLE Il Retrospective studies of adjuvant radiation therapy

negative margins; 1 patienthad a positive margin. Of those
6, 4 are still alive; 1 died of pneumonia; and 1 was lost to
follow-up.

Adjuvant RT

The role of RT was mainly palliative in our identified
population. Adjuvant RT was given to 6 patients (15%).
Cisplatin was added to Rt in 3 patients, all of whom are
still alive (2 with distant failure, 1 free of disease for 7
years since the RrT).

The role of adjuvant rr is still unclear. Several retro-
spective studies have evaluated the benefit of rT after sur-
gery, with conflicting results. The oldest trial found in our
search dated to 1974. So far, no randomized trial has tried
to answer the question. One of the tertiary centres mak-
ing a consistent effort to study Acc is University Hospital
at Michigan University in Ann Arbor, M1, U.S.A. A recent
retrospective single-centre study by Else and colleagues®
tried to identify prognostic factors to guide the adjuvant
therapy decision in acc. The study identified 391 acc

Reference Pts Systemic treatment Radiation Local control
(n) [n (%)] [n (%)]
Type Dose
[n (%)] (Gy)
Percarpio and Knowlton 197627 4 Not reported Adjuvant 28-40 1(25)
Nader et al., 198328 10 Not reported Adjuvant Not reported 2 (20)
[5 (50)]
Markoe et al., 199129 5 Chemotherapy or mitotane  Adjuvant 42-60 3 (60)
[2 (40)]
Pommier and Brennan, 199230 3 Not reported Adjuvant 39-45 0/3
Crucitti et al., 19963 11 Chemoradiation Adjuvant 30-52 Not reported
[5 (45.5)]
Jacob et al., 200032 5 Chemoradiation Adjuvant 40-45 5 (100)
[2 (40)]
Fassnacht et al., 2006° 14 5(35.7) Adjuvant 41.4-54 12 (85.7)
Hermsen et al., 2010%3 3 Not reported Adjuvant Not reported 3 (100)
Sabloch et al., 201134 10 No Adjuvant 45-57 8 (80)
[10 (38.5)]
16 Definitive 22.5-73.51 5(31.3)
[16 (61.5)]
Habra et al., 2013* 16 4(25) Adjuvant 36-59.4 9 (56.3)
Ho etal., 2013% 14 Chemoradiation Adjuvant 17.5-60 Of the 2 adjuvant patients,
7 (50) [2 (14.3)] both experienced out-of-field
Palliative 50.4-60 recurrence
[12 (85.7)]
Else et al., 20145 59 Mitotane Adjuvant Not reported Not reported.
[42 (71.2) radiation Significant interaction observed between
and mitotane] adjuvant mitotane and adjuvant radiation
for recurrence-free survival
when integrated in one model
(hazard ratio: 0.4; p=0.03)
Sabolch et al., 201526 202 Mitotane concurrent Adjuvant 45-60 Adjuvant radiation: 19 (95)

with radiation

Control group?: 8 (40)
(p=0.0005)

@ The 20 patients treated with adjuvant radiation were matched to 20 surgical control subjects not treated with radiation. Matching was based

on stage, grade, margins, and adjuvant mitotane.
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patients treated between January 1979 and December
2013. Median os in the cohort was 35.2 months. Cortisol
production, tumour stage, and tumour grade were found
to be negative prognostic factors, with the highesthazard
ratio for death (4.8) being associated with stage 1v dis-
ease. Of the patients in that study, 40% and 21% received
adjuvant mitotane and RT respectively. Cox regression
models that included either adjuvant modality showed
that only mitotane was associated with improved RFs
(hazardratio: 0.7; p<0.05). When both adjuvant modali-
ties were included in the model, a significant interaction
was observed (hazard ratio: 0.4; p < 0.05), which might
reflect a benefit of adding RT to mitotane. Neither adju-
vantmodality had any effect on os. The study concluded
that, to prolong rFs, adjuvant therapy—particularly with
combined mitotane—should be considered. The study
found no significant difference in patient characteristics
between the group that received adjuvant therapy and
the group that did not, but there was a trend (nonsig-
nificant) toward the presence of more adverse features
in the group treated with adjuvant therapy.

In another retrospective study from the same centre,
360 Acc patients were identified between 1991 and 2011.
Of those 360 patients, 20 with localized Acc and an RO or
R1 resection received adjuvant rT and were matched with
20 control subjects. There were no statistical differences
between the treatment and control groups in terms of
patient or tumour characteristics. The hazard ratio for
local recurrence was 12.59 (p = 0.0005), but there were no
statistically significant differences between the groups
in terms of rFs or 0s?5. Table 11 summarizes the thirteen
retrospective studies found in our search.

In our patient cohort, 6 patients received adjuvant rr,
1 of whom experienced local recurrence that was surgi-
cally salvaged, with the patient still being alive 7 years
later. Another 2 patients did not experience any failure (1
died of an intracranial bleed, and the other is still alive
and disease-free). Of 3 patients who experienced distant
failure (bone, liver, lung), 2 are still alive.

Our data are very limited in term of patient numbers
and availability of information. We were not able to perform
a survival analysis by treatment modality; however, the
crude numbers at least suggest better local control with
adjuvant RT.

Several groups have started tolay down guidelines for
the diagnosis and management of Acc so that management
plans are consistent and comparable. A clinical practice
guideline by Esmo, published in 2012, recommends con-
sidering adjuvant mitotane for acc patients having R1, Rx,
or high-risk features as a Ki-67 index exceeding 10%. For
R1 and Rx, adjuvant rt could also be considered?.

The guideline from the Cancer Committee of the
French Association of Urology concluded that surgery is
the first-line treatment and that adjuvant RrT is recom-
mended for stage 1 or 11 R1 resections, concomitant with
mitotane within 3 months after surgery, even though
sufficient evidence to support that approach is not cur-
rently available!.

The evidence and the guidelines are building up in
the direction of supporting adjuvant treatment and sug-
gesting that adding RT to mitotane is at least improving

local control. However, a randomized trial or at least a
large population-based prospective study is still needed.
A national or international prospective database would
be helpful in overcoming the problem of the rarity of this
disease and in trying to develop a consensus concerning
the diagnosis and management of Acc to ensure consistency
in the data collected.

Understandably, our study has the limitations of a
retrospective study. Also, treatment and follow-up data
were limited and sometimes unavailable. Those data is-
sues limited the analysis. Furthermore, the study had to
span along time period to achieve an acceptable sample
size, but that timeline comes with variabilityinimaging,
surgery, and RT techniques, as well as in histopathology
reporting and the accuracy of pathology diagnosis tech-
niques. However, based on the available retrospective
dataand the available guidelines, including the guideline
from EsMo, adjuvant RT is areasonable option for R1 and
Rx patients. Further research with a larger sample size
is warranted.

CONCLUSIONS

The current data are insufficient to make treatment rec-
ommendations. A collaborative database and consensus
about diagnostic and therapeutic guidelines is warranted
for better identification of optimal management. Adjuvant
RT could be a reasonable option for R1 and Rx disease, but
further research is needed.
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