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 BACKGROUND—Current treatment guidelines recommend adjuvant mitotane after resection 

of adrenocortical carcinoma with high-risk features (eg, tumor rupture, positive margins, positive 

lymph nodes, high grade, elevated mitotic index, and advanced stage). Limited data exist on the 

outcomes associated with these practice guidelines.

 STUDY DESIGN—Patients who underwent resection of adrenocortical carcinoma from 1993 

to 2014 at the 13 academic institutions of the US Adrenocortical Carcinoma Group were included. 

Factors associated with mitotane administration were determined. Primary end points were 

recurrence-free survival (RFS) and overall survival (OS).

 RESULTS—Of 207 patients, 88 (43%) received adjuvant mitotane. Receipt of mitotane was 

associated with hormonal secretion (58% vs 32%; p = 0.001), advanced TNM stage (stage IV: 

42% vs 23%; p = 0.021), adjuvant chemotherapy (37% vs 5%; p < 0.001), and adjuvant radiation 

(17% vs 5%; p = 0.01), but was not associated with tumor rupture, margin status, or N-stage. 

Median follow-up was 44 months. Adjuvant mitotane was associated with decreased RFS (10.0 vs 

27.9 months; p = 0.007) and OS (31.7 vs 58.9 months; p = 0.006). On multivariable analysis, 

mitotane was not independently associated with RFS or OS, and margin status, advanced TNM 

stage, and receipt of chemotherapy were associated with survival. After excluding all patients who 

received chemotherapy, adjuvant mitotane remained associated with decreased RFS and similar 

OS; multivariable analyses again showed no association with recurrence or survival. Stage-specific 

analyses in both cohorts revealed no association between adjuvant mitotane and improved RFS or 

OS.

 CONCLUSIONS—When accounting for stage and adverse tumor and treatment-related 

factors, adjuvant mitotane after resection of adrenocortical carcinoma is not associated with 

improved RFS or OS. Current guidelines should be revisited and prospective trials are needed.

Adrenocortical carcinoma (ACC) is an uncommon malignancy with an estimated incidence 

of only 0.72 cases per million people per year in the United States.1 Complete resection 

represents the only potential for cure, with a 5-year survival rate of only 5% in patients not 

undergoing curative resection.2,3 Yet even after resection of ACC, 5-year survival rates 

remain poor, ranging from 39% to 55%.2,4 During the span of 2 decades, these bleak 

outcomes have not improved.4,5 There are limited data suggesting a role for radiation 

therapy or cytotoxic chemotherapy in the treatment of resectable ACC; however, there is 

undoubtedly a need for effective adjuvant therapy in select surgical patients.6,7

One such potential therapy is mitotane (also known as dichlorodiphenildichloroethane or 

o,p’DDD), a close relative of the pesticide dichlorodiphenyltrichloroethane (DDT). The 

potential therapeutic effects of mitotane were first appreciated in 1949, when Nelson and 

colleagues8 reported that mitotane caused cytotoxicity and atrophy of the adrenal cortex in a 

canine model. In 1960, Bergenstal and colleagues9 were the first to apply these findings 

clinically in a patient with metastatic ACC, reporting regression of metastatic disease. 

Subsequent reports have supported the role of mitotane in the treatment of unresectable 

ACC10; however, data on the use of mitotane in the adjuvant setting have been 

conflicting.3,11–13 Given the rarity of ACC, randomized prospective trials evaluating 

adjuvant mitotane are nonexistent, and most retrospective studies are limited by small 

sample size and/or single-institution bias.
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The 2015 National Comprehensive Cancer Network guidelines14 recommend consideration 

of the use of adjuvant mitotane in the setting of high-risk disease: increased tumor size, 

positive margins, high grade, and capsular rupture. The guidelines themselves, however, 

specify that this recommendation is based on category 3 evidence only, suggesting that the 

role of mitotane in this setting might only be palliative through control of hormonal 

symptoms rather than preventative of tumor recurrence.

The data supporting these guidelines are limited, and treatment with mitotane does not come 

without risk. Toxicities are common and include lethargy, somnolence, vertigo, parasthesias, 

anorexia, nausea, vomiting, hormonal dysregulation, and skin changes.15–18 Additionally, 

mitotane affects hepatic metabolism of other drugs.19 As this treatment is not benign, 

additional understanding of its value is needed. Therefore, we sought to determine the 

relationship of the use of adjuvant mitotane with recurrence-free survival (RFS) and overall 

survival (OS) in a multi-institutional study of a US population.

 METHODS

 Patient population

Thirteen academic institutions comprise the US Adrenocortical Carcinoma Group: Emory 

University, Stanford University, The Johns Hopkins University, Medical College of 

Wisconsin, New York University, The Ohio State University, Washington University in St 

Louis, University of Wisconsin, University of California San Diego, University of Texas 

Southwestern, University of California San Francisco, Vanderbilt University, and Wake 

Forest University. The IRBs at all participating centers approved this study. This 

collaboration retrospectively identified all patients who underwent resection of ACC from 

1993 to 2014 at each institution. Demographic, pathologic, and clinical data were collected 

through review of the medical record. The TNM pathologic staging was based on the 7th 

edition of the American Joint Committee on Cancer guidelines.20 Postoperative 

complications were defined and scored by the Clavien-Dindo criteria.21 Survival data were 

determined by chart review and confirmed through review of the Social Security Death 

Index database.

From this population (n = 265), only patients with data on receipt of mitotane were included 

(n = 211). From these, 30-day mortalities (n = 1) and patients who received neoadjuvant 

mitotane were excluded (n = 3) resulting in a study population of 207 patients. For analyses 

of recurrence, patients with a grossly positive margin (R2) or unknown margin status were 

excluded (n = 33), leaving only patients who had a curative-intent resection. Adjuvant 

mitotane therapy was defined as receipt of mitotane in the postoperative period as a planned 

postsurgical therapy, not including delivery of mitotane to treat known recurrence or 

progression of disease.

 Statistical analysis

Statistical analyses were conducted using SPSS Statistics 21.0 (IBM Corp). A p value <0.05 

was considered statistically significant. Patients who did and did not receive adjuvant 

mitotane were compared using chi-square or Fisher’s exact tests and independent t-tests for 
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categorical and continuous variables, respectively. Univariate binary logistic regression was 

conducted to determine factors associated with delivery of adjuvant mitotane. Variables that 

had a significant relationship on univariate analysis were included in the multivariable 

model. Univariate survival analyses were conducted by Kaplan-Meier log-rank tests and Cox 

regression. Multivariable Cox proportional hazard models were constructed to include 

mitotane therapy and variables that were significantly associated with survival on univariate 

analysis. Survival analyses were conducted in all patients and in a subgroup of patients that 

excluded patients who received cytotoxic chemotherapy instead of or in combination with 

mitotane. Additional subgroup survival analyses were conducted stratified by TNM stage, T 

stage, N stage, M stage, tumor hormonal secretion, resection margin, and intraoperative 

tumor rupture. The primary aim was to determine the relationship of receipt of adjuvant 

mitotane with RFS and OS.

 RESULTS

 Patient population and adjuvant mitotane therapy

Two hundred and seven patients were included and are described in Table 1. Of these, 88 

(43%) patients received adjuvant mitotane. Mitotane plasma levels were available in 32 of 

these patients; 15 had serum levels 14 to 20 mg/L, and in 17 patients, the level did not reach 

14 mg/L. Median treatment course was 6 months (range 1 to 48 months). Receipt of 

mitotane was associated with tumor hormonal secretion (58% vs 32%; p = 0.001), advanced 

TNM stage (stage IV: 42% vs 23%; p = 0.02), delivery of adjuvant chemotherapy (37% vs 

5%; p < 0.001), and adjuvant radiation therapy (17% vs 5%; p = 0.01). Adjuvant mitotane 

was not associated with tumor rupture, margin status, or N-stage; detailed description and 

comparison of these 2 cohorts are available in Table 1. On univariate binary logistic 

regression, tumor hormone secretion (odds ratio = 2.9; 95% CI, 1.6–5.3; p < 0.001) and 

advanced TNM stage (stage IV: odds ratio = 1.6; 95% CI, 1.3–31.7; p = 0.03) were 

associated with delivery of adjuvant mitotane therapy, and in multivariable analysis, tumor 

hormone secretion persisted as an independent factor for receiving mitotane treatment (odds 

ratio = 2.4; 95% CI, 1.29–4.54; p = 0.01; Table 2).

 Survival, recurrence, and adjuvant mitotane therapy

Median follow-up for survivors was 44 months. For patients who underwent curative-intent 

resections with recurrence data available (n = 164), there were 97 (59%) patients who had a 

recurrence, which included 45 (28%) local recurrences and 69 (42%) distant recurrences. 

There was no difference in recurrence rates or patterns of recurrence between patients who 

did and did not receive mitotane (Table 1). In the entire cohort during the follow-up period, 

there were 94 (46%) deaths.

 Recurrence-free survival and overall survival: all patients

Delivery of adjuvant mitotane was associated with decreased RFS (10.0 vs 27.9 months; p = 

0.01; Fig. 1A); however, on multivariable analysis accounting for other factors associated 

with RFS, only advanced TNM stage remained independently associated with decreased 

RFS, and mitotane did not (Table 3). Similarly, on univariate analysis, adjuvant mitotane was 

associated with decreased OS (31.7 vs 58.9 months; p = 0.01; Fig. 1B); however, on 
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multivariable analysis, mitotane was not independently associated with OS. Factors that 

were independently associated with OS included margin status, advanced TNM stage, and 

receipt of chemotherapy (Table 3).

 Recurrence-free survival and overall survival: subgroup analyses

When the 38 patients who received adjuvant systemic therapy instead of or in addition to 

mitotane were excluded, adjuvant mitotane remained associated with decreased RFS (9.8 vs 

29.4 months; p = 0.01; Fig. 2A), but this association again did not persist on multivariable 

analysis (Table 4). In this cohort, mitotane was not associated with OS on univariate 

analyses (38.2 vs 58.9 months; p = 0.12; Fig. 2B) or on multivariable (Table 4) analyses. 

Similarly, after also excluding patients who received radiation therapy from this subgroup (n 

= 15), such that mitotane was the only adjuvant therapy given, mitotane again was associated 

with decreased RFS (9.8 vs 31.5 months; p = 0.002) and was not associated with OS (33.2 

vs 58.9 months; p = 0.06).

Subgroup analysis of patients stratified by TNM stage, T stage, N stage, M stage, tumor 

hormonal secretion, resection margin, and tumor grade revealed that adjuvant mitotane was 

not associated with improved RFS or OS in either high-risk or low-risk subgroups. This 

finding persisted when excluding patients who received cytotoxic chemotherapy (Table 5).

 DISCUSSION

This study evaluated the relationship of adjuvant mitotane therapy with RFS and OS after 

resection of ACC. Delivery of mitotane therapy was not associated with improved patient 

outcomes on either univariate or multi-variable analysis. These results persisted in subgroup 

analysis of patients after excluding those who received chemotherapy. In addition, in 

subgroup analyses of patients for whom National Comprehensive Cancer Network 

guidelines recommend adjuvant mitotane therapy (advanced stage, positive margins, lymph 

node involvement, and tumor rupture), it still was not associated with improved RFS and 

OS. To the authors’ knowledge, this report represents the largest multi-institutional US study 

on adjuvant mitotane for ACC to date.

The rationale for use of mitotane in the adjuvant setting after resection of ACC has been 

extrapolated from studies of its use in patients with advanced and metastatic disease, where 

tumor response rates ranged from 5% to 49%.10,15,17,22–24 The highest response rates, 

however, were in patients treated concurrently with etoposide, doxorubicin, cisplatin, and 

mitotane combination therapy.23,24 Given the rarity of this disease, these studies were 

consistently limited by small sample size. In addition, mitotane was usually given in 

combination with other cytotoxic chemotherapies, making it impossible to discern whether 

tumor response represented the effect of mitotane, chemotherapeutic agents, or the 

combination thereof.25 As such, based on these studies in advanced disease, administration 

of mitotane as adjuvant therapy for resected disease is debatable.

The few prospective studies of patients receiving mitotane in the adjuvant setting have been 

similarly limited by sample size and by the undefined role of cytotoxic chemotherapy. 

Baudin and colleagues16 conducted a single-arm study of 11 patients who received mitotane 
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as adjuvant therapy in which 8 (72%) patients had disease recurrence, questioning its utility 

in the adjuvant setting. Another nonrandomized prospective study of 19 patients who were 

all offered mitotane treatment revealed that patients who received adjuvant mitotane did not 

have improved disease-free survival or OS compared with those who did not receive 

adjuvant mitotane.26 In contrast, Khan and colleagues7 compared 17 patients who received 

adjuvant streptozotocin plus mitotane with 11 patients who underwent surgery alone. 

Patients who received streptozotocin and mitotane combination therapy had improved OS 

and RFS. It is not possible, however, to generalize the outcomes from such few patients to 

the population as a whole, and the role of mitotane alone, apart from that of streptozotocin, 

cannot be surmised from this study.7 The current study attempted to account for this 

interaction between chemotherapy and mitotane by assessing the group as a whole, 

including patients who received mitotane and chemotherapy, but also performing subgroup 

analysis excluding patients who received chemotherapy to assess the association of mitotane 

alone compared with no adjuvant therapy. In both cases, adjuvant mitotane was not 

associated with improved RFS or OS.

Similar to the prospective studies, retrospective studies of adjuvant mitotane have yielded 

discordant results with similar limitations.3,13,27–33 The landmark study that supports 

adjuvant mitotane was conducted in 2007 by Terzolo and colleagues11 and included 177 

patients treated at 55 European centers comparing 47 Italian patients treated with mitotane 

with 2 control groups that received no adjuvant therapy: Italian (n = 55) and German (n = 

75). Patients who received adjuvant mitotane had improved RFS compared with both control 

groups (mitotane: 42 months vs Italian control: 10 months; p < 0.001; mitotane: 42 months 

vs German control: 25 months, p = 0.005), and the OS was only improved when compared 

with the Italian cohort, but not the German control group (mitotane: 110 months vs Italian 

control: 52 months; p = 0.01; mitotane: 110 months vs German control: 67 months; p = 

0.10).11 This improvement in RFS but not OS associated with adjuvant mitotane has been 

observed in other studies6,12,34 and given the side-effect profile of mitotane, it brings into 

question the value of this therapy that delays recurrence but ultimately does not prolong life. 

The validity and generalizability of the Terzolo study11 has also been questioned with regard 

to the quality control of surgery, or lack thereof, as the patients were treated at 55 different 

centers. The recurrence rates in the control arms were 73% and 91% compared with 49% in 

the mitotane group. In contrast, Grubbs and colleagues12 found that patients who underwent 

ACC resection at a high-volume oncologic referral center had a recurrence rate of 50%, the 

majority did not receive adjuvant mitotane therapy. Similarly, in the current study conducted 

at 13 US academic centers, the recurrence rate was only 59%. These high recurrence rates in 

the Terzolo study could suggest inadequate surgery in the control groups, thereby 

confounding the results.

As current data for adjuvant mitotane are conflicting, the potential benefits of this therapy 

must be weighed against its risks. Mitotane can be associated with severe toxicity and side 

effects including lethargy, somnolence, vertigo, nausea, vomiting, diarrhea, anorexia, 

hematologic changes, and endocrine abnormalities.7,10,15,17,18 Given this side-effect profile 

and the fact that some studies have suggested that mitotane therapy is associated with 

improved outcomes only in certain subgroups of patients,35 current National Comprehensive 

Cancer Network and European guidelines recommend consideration of treatment with 
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adjuvant mitotane in select patients with high-risk features.14,36 In a subgroup analysis of 

these high-risk patients for whom mitotane is recommended, however, mitotane still was not 

associated with improved RFS or OS in the current study. Similarly, in low-risk subgroups, 

receipt of mitotane was not associated with improved outcomes (Table 5).

Undoubtedly, additional studies to determine when, or if, mitotane should be used and to 

explore other potential therapeutic options for ACC are merited. Historically, the anti-tumor 

mechanism of mitotane has not been well understood. Recently, however, this complex 

pathway has been better elucidated.37 Understanding this pathway creates the opportunity 

for identification of potential new drug targets for this disease with limited current 

pharmacologic therapeutic options. Additionally, exploring this pathway could lead to 

identification of potential biomarkers that could be predictive of response to mitotane 

therapy. For example, Volante and colleagues38 have found improved outcomes after 

mitotane therapy in patients with increased tumor expression of the Ribonucleotide 

Reductase Large Subunit. Beyond targeting the tumor and the tumor environment, assessing 

the metabolic profile of patients with ACC could guide therapy, as drug metabolism could be 

intimately related to response to therapy.39

The rarity of ACC has historically been a barrier to conducting large, randomized clinical 

trials for patients with resectable disease; however, an international collaboration has 

recently opened the Efficacy of Adjuvant Mitotane Treatment (ADIUVO) trial that is 

currently underway.40 This phase III clinical trial, randomized to adjuvant mitotane after 

surgery vs surgery alone, was designed to prospectively evaluate the effects of mitotane on 

patient outcomes. Results of this trial will shed much needed light on this topic.

This study was limited by its retrospective nature where interpretation of results is restricted 

to the determination of associations of mitotane therapy and outcomes, and causality cannot 

be inferred. In addition, studies have suggested that mitotane levels <14 mg/L can be 

subtherapeutic.16,34,41 Mitotane levels were not available for the entire patient population 

that spans 2 decades, and some of the levels that were reported were <14 mg/L. Notably, 

studies have cautioned that interpretation of this level can be misleading, as the serum level 

fluctuates greatly, depending on the timing of the blood draw,42 and predicting the blood 

level based on the dosage is complex.43 Additionally, many European studies have used the 

proposed European Network for the Study of Adrenal Tumors staging in analyses rather than 

the American Joint Committee on Cancer staging, as a SEER study has previously shown 

that European Network for the Study of Adrenal Tumors staging better discriminates 

between stage II and III patients.44 The current study used American Joint Committee on 

Cancer staging criteria, but also stratified patients by T, N, and M stage, attempting to 

account for any potential bias introduced by choice of staging system. Recent literature has 

suggested that increased Ki-67 represents an important marker for risk of recurrence in 

patients after resection of ACC.45 Ki-67 was not routinely tested in the patient population of 

the current study, and in this study of 13 institutions spanning 20 years, it was not feasible to 

attain these data. As this study does span a 20-year period, some would question the 

relevance of outcomes to the current population being treated for ACC. Yet, recent studies 

have confirmed that in the last 2 decades, outcomes and management strategies of patients 
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being treated for ACC have not improved or changed substantially, thereby justifying the 

inclusion of patients over this timespan.4,5

 CONCLUSIONS

When accounting for stage and adverse tumor and treatment-related factors, adjuvant 

mitotane therapy after resection of ACC is not associated with improved RFS or OS. Current 

guidelines should be revisited, and prospective trials are needed. Future efforts should be 

directed toward genetic profiling of individual tumors to identify specific pathways to target 

with novel therapies.
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Figure 1. 
(A) Recurrence-free survival and (B) overall survival stratified by receipt of mitotane 

therapy for all patients.
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Figure 2. 
(A) Recurrence-free survival and (B) overall survival stratified by receipt of mitotane 

therapy, excluding patients who received systemic therapies other than mitotane.
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Table 1

Clinicopathologic and Treatment Factors of Patients Stratified by Receipt of Adjuvant Mitotane

Variable All patients (n = 207) No mitotane (n = 119) Mitotane (n = 88) p Value

Male 80 (39) 45 (38) 35 (39)   0.89

Age, y, mean ± SD 51.3 ± 15.2 52.8 ± 14.9 49.3 ± 15.5   0.10

BMI, kg/m2, mean ± SD 29.0 ± 8.2 29.6 ± 9.2 28.3 ± 7.0   0.34

ASA class

 1 30 (21) 16 (21) 14 (21)

 2 33 (23) 17 (22) 16 (24)

 3 68 (48) 36 (47) 32 (49)

 4 12 (8)    8 (10) 4 (6)   0.83

Hormone secretion 83 (43) 35 (32) 48 (58)   0.001*

Familial syndrome 4 (2) 2 (2) 2 (3)   1.00

Minimally invasive procedure 38 (19) 22 (19) 16 (19)   0.93

Additional organ resection 94 (48) 47 (42) 47 (55)   0.08

Intraoperative tumor rupture 19 (11) 11 (11)   8 (10)   1.00

Tumor size, cm, mean ± SD 12.1 ± 5.7 11.7 ± 5.3 12.7 ± 6.1   0.24

 T1 11 (6)  9 (8) 2 (3)   0.17

 T2 77 (41) 48 (44) 29 (36)

 T3 74 (39) 39 (36) 35 (42)

 T4 27 (14) 13 (12) 14 (18)

N1 22 (35)   9 (26) 13 (46)   0.15

M1 35 (17) 11 (9)  24 (28)   0.001*

Stage

 I 11 (6)  9 (8) 2 (2)

 II 63 (33) 41 (37) 22 (27)

 III 59 (31) 35 (32) 24 (29)

 IV 59 (31) 25 (23) 34 (42)   0.02*

R0 127 (69)  76 (72) 51 (65)   0.58

R1 47 (26) 24 (23) 23 (30)

R2 10 (5)  6 (6) 4 (5)

Postoperative adrenal insufficiency 43 (25) 17 (18) 26 (34)   0.02*

Complication 91 (56) 47 (52) 44 (60)   0.44

Adjuvant radiation 18 (10) 5 (5) 13 (17)   0.01*

Adjuvant chemotherapy 38 (19) 6 (5) 32 (37) <0.001*

Death 94 (46) 53 (45) 41 (47)   0.86

Recurrence 97 (59) 53 (55) 44 (64)   0.43

Local recurrence 45 (28) 24 (26) 21 (30)   0.61

Distant recurrence 69 (42) 35 (37) 34 (49)   0.17
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Values are n (%) unless otherwise noted.

*
Significant.

ASA, American Society of Anesthesiologists; BMI, body mass index; R0, microscopically negative margin; R1, microscopically positive margin; 
R2, grossly positive margin.
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