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Context: Adrenocortical carcinoma (ACC) is rare and have high rates of

recurrence and mortality. The role of adjuvant radiation therapy (RT) in

localized ACC was controversial.

Methods: We conducted a retrospective study in our center between 2015 and

2021 to evaluate the efficacy and safety of adjuvant RT in localized ACC. Overall

survival (OS) and disease-free survival (DFS) were estimated using the Kaplan-

Meier method. Cox proportional hazards regression models were used to

estimate the independent risk factors. Adverse events associated with RT were

documented according to the toxicity criteria of the radiation therapy oncology

group (RTOG) and the common terminology criteria for adverse events

(CTCAE v5.0).

Results: Of 105 patients with localized ACC, 46 (43.8%) received adjuvant RT

after surgery. The median radiation dose was 45.0Gy (range:30.0-50.4) and

median follow up timewas 36.5 (IQR: 19.7-51.8) months. In comparison to the no

adjuvant RT group, patients with adjuvant RT had better 3-year OS (87.9% vs

79.5%, P=0.039), especially for patients with ENSAT I/II stage (P=0.004). Adjuvant

RT also improved the median DFS time from 16.5months (95%CI, 12.0-20.9) to

34.6months (95%CI, 16.1-53.0). Toxicity of RT was generally mild and moderate

with six grade 3 events.

Conclusions: Postoperative adjuvant RT significantly improved OS and DFS

compared with the use of surgery alone in resected ACC patients. Although

this retrospective study on RT in localized ACC indicates that RT is effective in

ACC, its findings need to be prospectively confirmed.
KEYWORDS

adrenocortical carcinoma, radiation therapy, efficacy & safety, localized ACC, adjuvant
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Introduction

Adrenocortical carcinoma (ACC) is rare and highly malignant,

with a poor prognosis (1). The therapeutic options are limited,

complete surgical removal remains the only curative treatment

option (2). However, the cumulative recurrence rate is high (30%-

75%) (3–5), leading to a poor 5-year survival rate (6). Therefore,

adjuvant therapy is needed to improve cllinical outcomes.

Adjuvant therapy, including mitotane, systemic chemotherapy,

radiation therapy (RT), and immune therapy have been explored in

various settings. Mitotane is still the only medication specifically

approved by FDA for the treatment of ACC (7). Given the rarity of

the disease, there is a paucity of prospective randomized studies to

guide clinical practice in the use of these adjuvant therapies. Habra

et al. (8) found adjuvant RT within 3 months of primary surgical

resection did not improve clinical outcomes. While older anecdotal

reports involving from 2 to 5 patients each have concluded

radiotherapy is ineffective for ACC (9, 10). Therefore, only 10%

to 14% of patients with ACC receiving radiation in United States.

Hence, efficacy and safety of adjuvant RT in localized ACC remains

unclear. Until now, the majority of recent studies have suggested

that adjuvant radiation therapy can significantly reduce local

recurrences (11–15). However, data are conflicting regarding

overall recurrence-free and overall survival.

Therefore, the aim of the retrospective study was to investigate

patients with ACC treated with adjuvant radiation therapy after

gross total resection and to evaluate its efficacy and tolerance.
Methods

Patients

Patients who received adjuvant radiation therapy from 2015 to

2021 were retrospectively diagnosed as ACC in Ruijin Hospital,

Shanghai Jiao Tong University School of Medicine. We selected

patients with stage I to III or oligometastatic stage IV who

underwent definitive surgical resection (including oligo-

metastectomy for those with stage IV), all patients were staged

according to the European Network for the Study of Adrenal

Tumors staging system pre-operation. Patients with ENSAT IV or

received RT after recurrence were excluded. Two patients were

excluded due to unknown death time. After exclusion, 46 ACC

patients were finally included in this study. All of these patients

treated with adjuvant RT in three months from the date of surgery

in our center. All patients were treated with intensity-modulated

RT. Doses to the primary target ranged from 30.0 to 50.4 Gy

(median, 45 Gy). Patients who received adjuvant RT were then

matched to control subjects who received surgery with curative

intent but without adjuvant RT from 2015 to 2021 in our center.

The no adjuvant RT group initially consisted of 59 patients matched

to the RT group patients on the basis of resection margin [no

evidence of tumor in resection margins (R0), microscopic evidence

of tumor in margins (R1), macroscopic residual disease (R2), or

unknown status of margins (Rx)] and disease stage at diagnosis.

This study was approved by the board of medical ethics of Ruijin
Frontiers in Endocrinology 02
Hospital, Shanghai Jiao Tong University School of Medicine.

Written informed consents were obtained from all patients

included in the study.
Outcome assessment

A period of 3 months was selected as the mandatory follow-up

time. Overall survival (OS) time was calculated from the date of first

surgery to the date of death or last follow-up. Disease Free survival

(DFS) time was calculated from the date of first surgery to the date

of first recurrence (whether local or distant) or last follow-up.

Patient data were censored at the last follow-up date if recurrence

or death did not occur.
Documentation of adverse events

Medical records of adverse events related to RT were reviewed.

Retrospective scoring of all adverse events was performed based on

the toxicity criteria of the radiation therapy oncology group

(RTOG) and the common terminology criteria for adverse events

(CTCAE v5.0) (16).
Statistical analysis

Overall and Disease-free survival probabilities were estimated

using the Kaplan-Meier product limit method. Compare the

distribution between subjects and control subjects using

logarithmic rank test statistics. The Cox proportional hazards

regression model is used to estimate the risk ratio (HR) of time

event endpoints. Statistical analysis was performed with SPSS 25.0

software (IBM, Armonk, NY, USA). For all statistical tests, P values

<0.05 were considered statistically significant.
Results

Patient characteristics

A total of 105 patients with localized ACC were available to

assess based on the inclusion and exclusion criteria. All patients

underwent radical adrenalectomy with curative intent. Of these, 46

(43.8%) patients received postoperative adjuvant RT. Median age at

initial diagnosis was 47 years (IQR: 34, 58 years) for the total cohort.

Median tumor size was 8.5 cm (IQR: 6.0, 11.3 cm). And most

patients were female (51.4%).

The baseline characteristics of patients were shown in Table 1.

There was no significant difference in gender, age, tumor diameter,

Ki67, ENSAT stage, cortisol production or receipt of mitotane.

During the follow-up, 25/105 patients were known to have died and

79/105 patients had a recurrence. 5(10.9%) patients treated with

adjuvant RT were died, compared to 20 (33.9%) patients without

adjuvant RT (P=0.006). 23 (50.0%) patients were identified with

recurrence in the adjuvant RT group, compared to 46 (78.0%)
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patients in the no adjuvant RT group (P=0.003). A period of 3

months was selected as the mandatory follow-up time. Follow-up

time was not significantly different between two groups (39.2(19.1,

55.8) vs 34.1(21.2, 49.5), P=0.722).
Frontiers in Endocrinology 03
Survival outcomes

The overall survival (OS) distributions between two groups

were significantly different (Logrank P=0.039) (Figure 1A).

Compared with 79.5% in the no adjuvant RT group, OS estimates

at 3 years were 87.9% in the adjuvant RT group. In univariable

analysis, stage III disease, cortisol production were positive

associated with worse OS significantly, while adjuvant RT was

associated with improved OS (HR, 0.368, 95%CI: (0.137, 0.986),

P=0.047). After adjustment with ENSAT stage, adjuvant RT was

still associated with improved survival outcomes significantly (HR,

0.293, 95%CI: (0.107, 0.798), P=0.016) (Table 2).

In subgroup analysis, the effect of adjuvant RT on survival

outcomes according to ENSAT stage was then examined as shown

in Figure 2. After surgical resection, we found that ACC patients

who received adjuvant RT had better survival outcomes in definitive

ENSAT II, ENSAT I/II and ENSAT I/II/III subgroup (Logrank

P<0.05) (Figure 2).
Recurrence outcomes

The effect of adjuvant RT on recurrence outcomes was

examined in all prespecified subgroups. Adjuvant RT improved

the median of DFS time from 16.5 months (95%CI: (13.5, 19.5)) to

34.6 months (95%CI: (16.0, 53.1), Logrank P=0.033) (Figure 1B).

Moreover, the recurrence outcomes of patients with ENSAT I/II

was improved significantly (Logrank P=0.032) (Figure 3).

The results of the univariable and multivariable Cox regression

model for DFS was shown on Table 3 shows in patients with

localized ACC who underwent complete surgical resection. In

univariable analysis, Ki67(>10%), stage III disease and cortisol

production were associated with decreased DFS (P<0.05).

Adjuvant RT associated with increased DFS (P<0.05). Meanwhile,

Age (>55years), female and tumor diameter (>10cm) were not

significantly associated with DFS (all P>0.05). However, in the

multivariable Cox analysis, after adjustment with Ki67 and ENSAT

stage, adjuvant RT was independently associated with improved OS
A B

FIGURE 1

Overall survival and Disease free survival in all patients treated with adjuvant RT or with no adjuvant RT. (A) Overall survival in all patients treated with
adjuvant RT or with no adjuvant RT. (B) Disease free survival in all patients treated with adjuvant RT or with no adjuvant RT.
TABLE 1 Baseline Characteristics of Patients.

No adjuvant
RT (n=59)

Adjuvant
RT (n=46)

P
value

Gender,
Male/Female

31/28 20/26 0.357

Age 55.0 (44.8, 61.0) 42.0 (31.0, 55.5) 0.115

Primary tumor
diameter, cm

8.9 (5.8, 12.6) 8.0 (6.5, 10.3) 0.746

ENSAT

I 5 2 0.552

II 35 35

III 8 8

Unknown 11 1

Surgical margins

R0 47 35 0.748

R1 5 6

Rx 7 5

Ki67 20.0 (10.0, 40.0) 15.0 (10.0, 40.0) 0.627

Cortisol
production, n

19 11 0.583

Mitotane, n 36 24 0.310

Chemotherapy, n 14 9 0.519

Immune therapy, n 4 3 0.906

Death, n 20 5 0.006

Recurrence, n 46 23 0.003

Follow-up, months 39.2 (19.1, 55.8) 34.1 (21.3, 49.6) 0.722
Data are presented as median (IQR).
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FIGURE 2

Effect of adjuvant RT on survival outcomes in patients with different ENSAT stage.
TABLE 2 Univariable and Multivariable Cox Regression Analysis for OS in Patients With ACC.

Univariable Multivariable

HR (95%CI) P value HR (95%CI) P value

Age ≥55years 0.699 (0.291, 1.678) 0.423 – –

Gender (Female) 1.302 (0.590, 2.874) 0.514 – –

Tumor diameter ≥10cm 0.715 (0.276, 1.853) 0.490 – –

Ki67

<10% Reference Reference

≥10% 2.962 (0.991, 8.857) 0.052 – –

ENSAT stage

I/II Reference Reference

III 5.265 (2.066, 13.417) 0.001 6.131 (2.338, 16.075) <0.001

Cortisol 5.392 (1.497, 19.422) 0.010 – –

Adjuvant RT 0.368 (0.137, 0.986) 0.047 0.293 (0.107, 0.798) 0.016
F
rontiers in Endocrinology
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HR, Hazard ratio; RT, Radiation therapy.
Variables with P<0.05 in univariable analysis were included in the multivariable Cox regression.
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(P=0.016), while the association was absence in adjuvant RT and

improved DFS (P=0.164).
Toxicity

The documented adverse events associated with RT were mostly

mild or moderate, according to the RTOG and CTCAE criteria. The

most frequent toxicities were low grade intestinal adverse events

(including nausea and vomiting) and leukopenia (Table 4). A single

case of grade 3 intestinal adverse event with nausea occurred and

five leukopenia grade 3 events were documented, respectively.
Discussion

Our retrospective study represents the cohort of patients with

localized ACC treated with RT. This data indicate that RT is of

benefit for patients underwent primary tumor resection followed

with adjuvant RT. The toxicity reported was moderate and within

the expected range. Our findings suggested that postoperative RT

seem to be a valid adjuvant therapy option in localized

ACC patients.

The role of adjuvant RT in ACC has been controversial. Early

series exploring the potential benefit of adjuvant radiation drew

conflicting conclusions (17–20). Study of the German ACC registry
Frontiers in Endocrinology 05
in 2006 had only 14 patients in the RT group (21), the results

suggested an improvement in local control with adjuvant RT.

However, a subsequent retrospective analysis in 2013, with 16

patients in the adjuvant RT group and 32 in the non-RT group,

did not show any benefit result in local control and overall survival

(8). The retrospective study in University of Michigan showed

overall survival was not significantly different between two groups

with the use of case-matched cohort analysis (22). However,

Gharzai et al. found that adjuvant RT after gross resection of

ACC improved the local RFS, all RFS and overall survival in a

retrospective propensity-matched analysis (23). Compared with this

study, a total of 105 patients with localized ACC were available in

our study, and 46 (43.8%) patients received postoperative adjuvant

RT. In comparison to the no adjuvant RT group, patients with

adjuvant RT had better 3-year OS and DFS, especially for patients

with ENSAT I/II stage.

High-risk ACC patients (R1 or Rx resection or in stage III) was

suggested consideration of RT according to the current

recommendations (24). Registry analyses using National Cancer

Database (NCD) and the National Cancer Institute’s Surveillance,

Epidemiology, and End Results (SEER) database also have resulted

in conflicting conclusions to the benefit of adjuvant radiation (25,

26). A recent population-based publication on the role of adjuvant

RT for nonmetastatic ACC used the SEER Database and included

365 patients (27). Only 55(15.1%) of patients received adjuvant RT,

patients who had adjuvant RT were more likely to be higher-disease
FIGURE 3

Effect of adjuvant RT on DFS in patients with different ENSAT stage.
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stage patients. Adjuvant radiation improved overall survival with a

48% decreased risk of death for all patients and may confer a

survival benefit only in patients with a high risk of recurrence.

However, these studies are limited by the lack of resection status,

heterogeneous treatment quality. Single-institution analyses

provides a source of homogeneous patient populations for unified

treatment through rigorous treatment evaluations. In our study,

ACC patients are treated with guidance from multidisciplinary

team with expertise in endocrine malignancies. The multivariate

analysis indicates that, after adjusting for Ki67 and stage, adjuvant

RT did not demonstrate to be independently associated with

improved DFS. However, in the subgroup analysis for tumor

characteristics (Ki67), adjuvant RT didn’t improve the survival

outcomes compared with nonmetastatic ACC who only

underwent radical surgery (Supplementary Figure 1). The

majority of the participants were ENSAT II, we found that they

can also benefit from adjuvant RT. Although we have found that

ACC patients who received adjuvant RT had better survival

outcomes in definitive ENSAT II, ENSAT I/II and ENSAT I/II/III

subgroup, we were unable to independently analyze ENSAT I and

ENSAT III data, due to the limited sample size.

Side effects of RT mainly include fatigue, nausea, diarrhea,

potential kidney/liver damage, and obstruction (28). Besides, the

side effects of mitotane include nausea, fatigue, anorexia, and

diarrhea (29). Given the overlap of these side effects, patients may
Frontiers in Endocrinology 06
experience nausea and diarrhea while undergoing RT. Therefore,

the true rate of side effects might be even lower. Our results

suggested ACC patients tend to tolerate RT well.

There are several limitations of this retrospective study. There are

still a limited number of study subjects. The analysis was restricted to

the collected variables and the accuracy of the recorded data.

Therefore, some factors that may contribute to patient outcomes

are not available. We believe patients with postoperative adjuvant RT

had improved 3-year OS and DFS compared with surgery alone in

resected ACC patients, especially for patients with ENSAT I/II stage.

Although this retrospective study on RT in localized ACC provides

the evidence that RT has certain value in ACC, its findings need to be

prospectively confirmed.
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