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Objective: This study aimed to summarize and analyze the clinical and pathological features and prognostic risk factors of 
adrenocortical carcinoma (ACC).
Methods: We retrospectively analyzed clinical and pathological data and the prognoses of 39 adult ACC patients confirmed by 
pathologic diagnosis at the Affiliated Hospital of Qingdao University between August 2009 and October 2021. Kaplan–Meier curves 
and univariate and multivariate Cox regression models were used to analyze correlations between clinical and pathological parameters 
and prognosis. A nomogram prediction model was constructed for overall survival (OS) based on the independent prognostic factors 
and externally validated it with The Cancer Genome Atlas (TCGA) dataset.
Results: The mean age of the patient cohort was 53.87 ± 11.1 years (range: 29–80 years), which included 17 men and 22 women. The 1-, 2-, 
and 5-year OS rates were 83.7%, 64.4%, and 59.8%, respectively; the recurrence-free survival (RFS) rates at the same time points were 
76.1%, 45.8%, and 23.5%, respectively. Kaplan–Meier curves showed that patients with poor OS were associated with M1 stage (P = 0.008), 
late ENSAT stage (P = 0.017), presence of venous tumor thrombus (P = 0.015), Ki67 >20% (P = 0.006), R1/R2 status (P = 0.018), and 
poorly differentiated tumors (P = 0.047). Patients with late ENSAT stage (P = 0.017), combined with venous tumor thrombus (P = 0.008), 
Ki67 >20% (P = 0.022) were more likely to have tumor recurrence. However, age, gender, BMI, tumor diameter, clinical symptoms and 
postoperative treatment were not correlated with OS or RFS (P > 0.05). Univariate and multivariate COX analyses showed that Ki67 >20% 
(P = 0.013) and R1/2 status (P = 0.040) were independent risk factors for OS, while only Ki67 >20% (P = 0.032) was an independent risk 
factor for RFS. A nomogram for predicting OS was constructed based on the above factors, and the area under the receiver characteristic 
curve (ROC)-1, 3, and 5-year survival were 0.8, 0.825 and 0.902, respectively. The C-index of the predicted nomogram was 0.813 and a high 
C-index value of 0.846 could still be achieved in the external validation of TCGA.
Conclusion: ACC is a rare and deadly endocrine malignancy with a high rate of recurrence. High Ki67 index (>20%) and R1/R2 
resection status were independent risk factors for poor prognosis in ACC patients. A novel nomogram with a relatively good accuracy 
was established to assist clinicians in assessing the risk of OS in patients with ACC.
Keywords: adrenocortical carcinoma, clinical diagnosis, survival, recurrence, risk factors, prognosis, nomogram

Background
Adrenocortical carcinoma (ACC) is a rare and aggressive malignant tumor originating from adrenocortical cells with an 
annual incidence of approximately (0.7–2.0)/1,000,000.1,2 Diagnoses of ACC are primarily made on the basis of local 
symptoms caused by abnormal hormone secretion or mass enlargement, such as Cushing syndrome, hypertension, 
menopause, abdominal fullness, et al, as well as occasionally by physical examination. The prognosis of ACC is 
generally poor, with a median survival period of approximately 4 years.1 Radical surgical resection is an effective 
therapy for ACC,3 but more than 50% of patients experience recurrence, even after complete R0 resection.4 For these 
patients, there are a number of options for subsequent treatment including salvage surgery, mitotane therapy, 

International Journal of General Medicine 2023:16 453–465                                                453
© 2023 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 28 November 2022
Accepted: 24 January 2023
Published: 3 February 2023

http://orcid.org/0000-0002-5856-5325
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


chemotherapy, radiotherapy, immunotherapy, and targeted therapy.5–8 However, these adjuvant therapies have shown 
limited impact. In this study, we analyzed the clinical, pathological, postoperative treatment, and follow-up data of 39 
adult ACC patients to provide references for clinical early diagnosis, selection of operation technique, postoperative 
treatment, and prognostic assessment of ACC patients.

Methods
Patient Cohort and Data Collection
We retrospectively analyzed clinical data of patients with a pathologically confirmed diagnosis of ACC who presented to 
the Affiliated Hospital of Qingdao University between August 2009 and October 2021. Clinical data were collected from 
the Hospital Information System including gender, age, clinical manifestations, past medical history, pre- and post- 
operative laboratory and radiological findings, surgical method, postoperative pathology results, pathological stage, and 
postoperative treatment modalities. Additionally, prognostic information was collected by reviewing the medical records 
and telephone follow-up. The date of the last follow-up was January 25, 2022. Overall survival (OS) was defined as time 
from primary resection to death of any cause or the last follow-up. Recurrence-free survival (RFS) was defined as the 
time from surgery to the first recurrence (ie, local recurrence or distant metastases) on the basis of evidence obtained 
through clinical examination, radiographic analysis, and laboratory findings, death or the last follow-up. The clinical 
information of ACC for external validation was downloaded from The Cancer Genome Atlas (TCGA).

Tumor, Node, Metastasis (TNM) Staging and Diagnostic Criteria
Currently, the most commonly used staging system for ACC is the European Network for the Study of Adrenal (ENSAT) 
system, which has replaced the Union for International Cancer Control (UICC) system. Both are based on the established 
TNM classification system proposed by the UICC and the American Joint Committee on Cancer (AJCC).9–11 Table 1 
shows the ENSAT and UICC staging systems.

R Status
R status depended on surgical notes and pathological analysis: R0, complete resection; R1, microscopically positive 
margin; R2, macroscopically positive margin; Rx, resection status unknown.

Statistical Analysis
Data were analyzed using SPSS version 25.0 software (IBM Corp., Armonk, NY, USA) and R version 4.2.2 software. 
Measurement data are expressed as mean ± standard deviation (SD), and count data are expressed as numbers (%). 
Survival analysis was performed using the Kaplan–Meier method and Log rank tests, with median survival times and 
95% confidence intervals (95% CIs) reported. Receiver operating characteristic (ROC) curves were plotted to measure 
the sensitivity and specificity of the observation indicators for predicting prognosis and determining cut-off points.

Table 1 Multiple Staging Systems of Adrenocortical Carcinoma

TNM ENSAT UICC

T Stage N Stage M Stage

T1:Tumor ≤5 cm, no local invasion N0:No positive 
lymph nodes

M0: No distant 
metastases

I:T1N0M0 I:T1N0M0

T2:Tumor >5 cm, no local invasion N1:Positive lymph 

nodes

M1: Distant 

metastasis

II:T2N0M0 II:T2N0M0

T3:Any size, infiltration into 

surrounding tissue

III:T1-T2N1M0 or T3 

-T4N0-N1M0

III:T1-T2N1M0 or T3N0M0

T4:Any size, invasion of adjacent 
organs*

IV:T1-T4NO-N1M1 IV:T3N1M0 orT4N0-N1M0 or T1 

-T4N0-N1M1

Note: *Neighboring organs include: kidney, diaphragm, large blood vessels (renal veins or vena cava), liver, and pancreatic tissue.
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The optimum cut-off points were calculated with the maximum of the Youden index (Youden index = sensitivity + 
specificity − 1). Patients were divided into two groups: those above and those below the cut-points. Univariate and 
multivariate Cox regression analysis were performed to determine the significant risk factors for OS and RFS. Gender, 
age, BMI, tumor size, tumor stage, venous tumor thrombus, clinical symptoms, hormone secretion, surgical method, 
Ki67 status, surgical resection margins (R status), degree of tumor differentiation, and postoperative adjuvant therapy 
were entered into the univariate Cox proportional hazards regression analysis. Variables with P < 0.1 in the univariate 
Cox regression analysis were included in the multivariable Cox model. Independent risk factors affecting OS were 
identified and a prediction nomogram model was developed. The ROC was plotted, and the predictive effect of the model 
was assessed by C-index and Area Under Curve (AUC). External validation was performed in TCGA. P < 0.05 was 
regarded as statistically significant.

Results
General Information and Clinical Data
This study collected clinical data of 39 adult patients with ACC, including 17 men (43.6%) and 22 women (56.4%). The 
age range of the patients was from 29 to 80 years, and the mean age was 53.87 ± 11.1 years. Among the 39 patients, 
tumors were found incidentally on physical examination in 17 cases, 15 presented with tumor-related symptoms, five 
presented with hormone-related symptoms, and two presented for unknown reasons. Twelve patients were found to have 
abnormal hormone secretion during preoperative laboratory tests: five showed abnormal cortisol secretion, four showed 
abnormal sex hormone secretion, and three showed abnormal aldosterone secretion. All patients with hormone-related 
symptoms were found to have abnormal hormone secretion by laboratory examination. However, compared with 
symptomatic patients, patients with incidentalomas rarely showed abnormal hormone secretion. The mean diameter of 
the ACC tumors was 10.14 ± 4.73 cm. Distant metastases occurred in seven patients, of whom five had metastases to the 
lung, four to the liver, two to the bone, two to the cervical lymph node, and one to the oral mucosal. Among the 39 
patients, 20 underwent laparoscopic surgery, 14 underwent open surgery, and five underwent puncture pathological 
biopsy. All the patients who did not receive surgical treatment were diagnosed with multiple metastases at the time of 
inclusion. Of the 10 patients complicated with venous tumor thrombus, seven successfully underwent open surgery for 
tumor resection and removal of the inferior vena cava tumor thrombus (three were not treated surgically). Only seven 
patients underwent adjuvant therapy with mitotane, with other postoperative adjuvant therapies including six patients 
who received chemotherapy, three who received targeted therapy, one who received immunotherapy, one who received 
radiotherapy, two who received interventional embolization therapy for pulmonary metastatic cancer, and one who 
received particle implantation.

Survival Analysis
The median follow-up time was 39.5 months. The 1-, 2-, and 5-year OS rates were 83.7%, 64.4%, and 59.8%, 
respectively. The 1-, 2-, and 5-year RFS rates were 76.1%, 45.8%, and 23.5%, respectively. Clinical and pathological 
data of the patients are presented in Table 2.

We used Log rank tests and Kaplan–Meier survival curves to detect differences in survival for each parameter 
presented in Table 2. Figure 1 shows Kaplan–Meier curves for M1 stage (P = 0.08), late ENSAT stage (P = 0.017), cases 
with tumor thrombus (P = 0.015), Ki67 >20% (P = 0.006), R1/2 status (P = 0.018), and poorly differentiated tumors (P = 
0.047), which were all associated with worse OS, with median survival times of 17, 26, 12.5, 17, 42.5, and 13.5 months, 
respectively. These median OS durations were significantly lower than the median OS of all included ACC patients (65 
months).

Figure 2 shows Kaplan–Meier curves for late ENSAT stage (P = 0.017), cases with tumor thrombus (P = 0.008), and 
Ki67 >20% (P = 0.022), which were all associated with worse RFS. Moreover, the median RFS for ENSAT stages I–IV 
was 62, 33, 10, and 7 months, respectively.
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Table 2 Clinicopathological Characteristics of Adrenocortical 
Carcinoma Patients

Characteristics Case n (%) Evaluable Cases n

Patients 39 39

Age (years) 39

<60 28(71.8%)

≥60 11(28.2%)

Gender 39

Male 17(43.6%)

Female 22(56.4%)

Tumor size (cm) 39

<12 25 (64.1%)

≥12 14 (35.9%)

T stage 39

T1 4(10.3%)

T2 21(53.8%)

T3 8(20.5%)

T4 6(15.4%)

M stage 39

M0 29(74.4%)

M1 10(25.6%)

UICC 39

I 4(10.3%)

II 14(35.8%)

III 6(15.4%)

IV 15(38.5%)

ENSAT 39

I 4(10.3%)

II 13(33.3%)

III 12(30.8%)

IV 10(25.6%)

Symptoms 37

Tumor-related symptomsa 15 (40.5%)

Hormone-related symptomsb 5(13.5%)

Incidentally 17(46%)

(Continued)
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Cox Regression Analyses
The univariate Cox regression analyses individually examined the impact of each parameter on OS (Table 2). Decreased 
OS was significantly associated with late M stage (hazard ratio [HR]: 3.954, 95% CI: 1.309–11.942, P = 0.015), ENSAT 
stage III/IV (HR: 5.036, 95% CI: 1.384–18.322, P = 0.014), cases with tumor thrombus (HR: 3.814, 95% CI: 1.189– 
12.235, P = 0.024), Ki67 >20% (HR: 5.485, 95% CI: 1.426–21.101, P = 0.013), and R1/2 status (HR: 2.000, 95% CI: 
1.075–3.723, P = 0.029) in the univariate analyses, so these were then taken as significant factors (P < 0.05) into the 
following multivariate analysis, which revealed that Ki67 >20% (HR: 7.490, 95% CI: 1.518–36.947, P = 0.013) and R1/2 
status (HR: 3.793, 95% CI: 1.015–13.956, P = 0.040) were independent risk factors for OS (Table 3).

Table 4 shows that decreased RFS was significantly associated with ENSAT stage III/IV (HR: 2.874, 95% CI: 1.155– 
7.154, P = 0.023), cases with tumor thrombus (HR: 3.335, 95% CI: 1.292–8.609, P = 0.013), and Ki67 >20% (HR: 

Table 2 (Continued). 

Characteristics Case n (%) Evaluable Cases n

Hormonal production 25

Normal 13(52%)

Abnormal 12(48%)

Venous tumor thrombus 39

Yesc 10(25.6%)

No 29(74.4%)

Surgical approaches 34

Open 14(41.2%)

Laparoscopic 20(58.8%)

Ki67(%) 32

≤20 18(56.25%)

>20 14(43.75%)

R Status 39

R0 27(69.2%)

R1/2 7(17.9%)

No surgery 5(12.8%)

Tumor differentiation 39

Highly differentiated 32(82.1%)

Poorly differentiated 7(17.9%)

Additional treatments 39

Mitotane 7(17.9%)

Othersd 9(23.1%)

None 23(59)%

Notes: ai.e. nausea, vomiting, abdominal fullness, and backache. bi.e. Cushing syndrome, 
hypertension, headache, hirsutism, acne, and menopause. cVenous tumor thrombus in 
vena cava or renal vein. dRadiation therapy, chemotherapy, chemoembolization, particle 
implantation and targeted therapy.
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Figure 1 Kaplan–Meier curves of overall survival for M stage (A), ENSAT stage (B), cases with tumor thrombus (C), Ki67 index (D), R status (E), tumor differentiation (F), 
gender (G) and surgical approaches (H).
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2.840, 95% CI: 1.121–7.195, P = 0.028) in the univariate analysis. Multivariate analysis subsequently revealed that only 
Ki67 >20% (HR: 2.952, 95% CI: 1.100–7.921, P = 0.032) was an independent risk factor for RFS.

We constructed a nomogram to predict OS based on the significant factors in the multivariate analysis (Figure 3). The 
ROCs of 1, 3, and 5-year OS were plotted, and the AUC was 0.8, 0.825 and 0.902, respectively (Figure 4). The C-index 

Figure 2 Kaplan–Meier curve of recurrence-free survival for ENSAT stage (A), cases with tumor thrombus (B), Ki67 index (C) and gender (D).

Table 3 Univariate and Multivariate Cox Analysis of Clinicopathological Parameters for OS

Variables Univariate Analysis Multivariate Analysis

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

Gender (male) 0.406(0.126~1.301 0.129

Age (≥56) 1.046(0.351~3.118) 0.935

BMI (≥25 kg/m2) 0.416(0.114~1.520) 0.185

Size (≥12cm) 1.619(0.565~4.635) 0.370

T stage 1.549(0.889~2.702) 0.123

M stage 3.954(1.309~11.942) 0.015

(Continued)
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of this predicted nomogram was 0.813 and a high C-index value of 0.846 could still be achieved in the external validation 
of TCGA.

Discussion
ACC is a highly aggressive and malignant epithelial tumor that shows rapid clinical progression. In most countries with 
modern medical systems, the diagnosis rate of ACC is low and there is a lack of centralized reporting. Compared with 
other common cancers, there are fewer studies and less research data related to ACC. In China, ACC has primarily been 

Table 3 (Continued). 

Variables Univariate Analysis Multivariate Analysis

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

ENSAT (III, IV) 5.036(1.384~18.322) 0.014

Tumor thrombus (Yes) 3.814(1.189~12.235) 0.024

Symptoms (yes) 1.832(0.597~5.623) 0.290

Laparoscopic vs Open 0.419 (0.117~1.497) 0.181

Duration of operation (>240min) 0.588(0.070~4.898) 0.623

Ki67 >20% 5.485(1.426~21.101) 0.013 7.490(1.518~36.947) 0.013

R1/2 status 2.000(1.075~3.723) 0.029 3.793(1.015~13.956) 0.040

Poorly differentiated 3.107(0.948~10.186) 0.061

Mitotane vs Others 0.971(0.160~5.887) 0.975

Table 4 Univariate and Multivariate Cox Analysis of Clinicopathological Parameter for RFS

Variables Univariate Analysis Multivariate Analysis

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

Gender (male) 0.488(0.205~1.166) 0.106

Age (≥56) 0.667(0.259~1.715) 0.400

BMI (≥25 kg/m2) 0.561(0.228~1.382) 0.209

Size (≥12cm) 1.077(0.470~2.467) 0.862

T stage 1.507(0.954~2.381) 0.079

ENSAT (III, IV) 2.874(1.155~7.154) 0.023

Tumor thrombus (Yes) 3.335(1.292~8.609) 0.013

Symptoms (yes) 1.159(0.635~2.115) 0.631

Hormone secretion (yes) 1.078(0.346~3.355) 0.897

Duration of operation (>240min) 0.709(0.351~1.429) 0.336

Ki67 >20% 2.840(1.121~7.195) 0.028 2.952(1.100~7.921) 0.032

R1/2status 1.477(0.904~2.414) 0.120

Poorly differentiated 1.302(0.440~3.855) 0.633
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reported via case reports and literature reviews. Therefore, obtaining and analyzing clinical and pathological character-
istics of ACC patients still has a certain guiding significance for clarifying diagnoses, disease assessments, patient 
management, surgical plan selection, postoperative treatments, and assessments of prognostic risk.

Among the 39 adult ACC patients included in this study, the mean age was 53.87 years and the male/female ratio was 
1:1.3; this age and sex distribution are consistent with those reported in previous studies.11–13 Due to the low incidence of 
ACC and lack of experience, and only 5 patients visited for abnormal hormonal symptoms, so many patients did not 
undergo relevant hormone detection before surgery. Among the 39 patients preoperative hormone assays were completed 
in 25. Of these, 48% (12/25) had abnormal hormone secretion, including abnormal sex hormone secretion (16%, 4/25), 

Figure 3 Nomogram-predicted OS of ACC.

Figure 4 ROC curves evaluated the predictive value of this nomogram in 1-year, 3-year, and 5-year OS.
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abnormal cortisol secretion (20%, 5/25), and abnormal aldosterone secretion (12%, 3/25), which was consistent with the 
report by Ayala-Ramirez et al.13 However, Berruti et al reported a lower proportion of ACC tumors with endocrine 
function (20–30%) than in this study. Furthermore, they found that patients with preoperative symptoms of hypercorti-
solism had lower RFS and OS even after complete resection of the lesion, suggesting that excess cortisol may be 
associated with more aggressive ACC.14 However, abnormal hormone secretion was not found to affect prognosis in this 
study.

The preferred treatment for ACC patients with indications for surgical resection is radical surgery, especially for 
ENSAT stage I–III patients without extensive metastasis.15 Open adrenalectomy (OA) was recommended as the standard 
operation in the 2020 Edition of Chinese Guidelines for the Diagnosis and Treatment of Urology and Andrology 
Diseases. Laparoscopic adrenalectomy (LA) can be selected according to the specific situation of the tumor.9 For this 
skilled technique, it is recommended to select early cases with tumor diameter <6 cm and no surrounding tissue invasion, 
but this may lead to a high postoperative recurrence rate (40%).16,17 LA is not recommended for stage III or higher cases 
with suspected involvement of peripheral tissue or lymph nodes.9

In this study, most of the patients who underwent LA had T2 stage disease (13/20), with a maximum tumor diameter 
of 16 cm, and none were complicated with venous tumor thrombus. Among the 14 OA patients, 50% (7/14) were 
associated with venous tumor thrombus, which needed to be removed concomitantly; the other five patients had tumors 
greater than 10 cm in diameter; the remaining two patients included a patient diagnosed with ACC in the pathology 
department of our hospital after open surgery at a lower-level hospital and a patient whose tumor invaded surrounding 
tissues. Most patients with stage T2 disease with no surrounding tissue or lymph node invasion had no difficulty 
receiving LA at our hospital, which is also consistent with the surgical recommendations in the guideline. In a small 
single-center study by Donatini et al, LA did not affect the prognosis of ACC patients with EASAT stage I/II disease or of 
patients with tumors less than 10 cm in diameter.18 A large multicenter study in Italy of 156 ACC patients with ENSAT 
stage I/II disease also found no significant difference in 5-year disease free survival (DFS) or OS between patients who 
received LA and OA.19 In this study, Kaplan–Meier survival analysis showed a better OS for patients who received LA 
than for patients who received OA, but there was no statistically significant difference between the two groups(Figure 
1H). Therefore, we consider that the efficacy of LA may not be inferior to that of OA. However, compared with OA, 
patients who received LA had a relatively smaller tumor volume but a significantly higher incidence of tumor 
dissemination and/or positive margin and local recurrence or peritoneal recurrence.20 Cooper et al also confirmed that 
LA was associated with an increased risk of ACC recurrence in a retrospective study of 302 patients; their multivariate 
analysis also demonstrated that LA was significantly associated with shorter RFS and OS compared with OA.21 Thus, 
overall, the prognosis of LA surgery at our institution is not worse than OA, which may be due to technological advances 
(eg, the da Vinci robot) and adequate preoperative evaluation.

Currently, most ACC patients are diagnosed at advanced stages, and current treatments do not provide effective 
outcomes.22 Even after complete tumor resection, the median survival time is less than 12 months.23,24 In this study, the 
median survival time of stage IV patients was 17 months. Additionally, the high recurrence rate of ACC is a noteworthy 
problem. In advanced and recurrent cases of distant metastases, adjuvant therapy such as targeted therapy, chemotherapy, 
and radiotherapy may be necessary. However, the limited chemotherapy options and efficacy as well as the poor 
understanding of the efficacy and safety of radiotherapy increase the difficulty of treating ACC patients.25,26 

According to the United States Food and Drug Administration and the European Medicines Agency, Mitotane is the 
only approved treatment for advanced ACC. It has been reported that mitotane prolongs OS and RFS in surgically treated 
patients, and it can also be used to treat inoperable patients or patients with extensive metastasis after surgery. 
Nevertheless, only seven patients postoperatively received mitotane in this study, which may be due to the fact that 
mitotane has not yet been marketed in China and there is limited experience with its use for ACC treatment in China. 
Moreover, we did not find that oral mitotane significantly improved patient prognosis, which may be related to our 
limited case numbers.

For patients with aggressive tumor features who are capable of tolerating systemic chemotherapy, the four-drug 
regimen of etoposide, doxorubicin, and cisplatin with mitotane (EDP-M) has been shown to be superior to the alternative 
regimen of streptozocin-mitotane.27,28 Notably, the mean survival, even with EDP-M, was still dismal, underscoring the 
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limitations of the gold standard systemic treatment and the importance of finding other therapeutic options when possible, 
such as sequential surgical resection, targeted ablation, and radiotherapy. Among the surgical patients included in this 
study, only five received adjuvant chemotherapy for postoperative tumor recurrence and metastasis, and seven received 
other adjuvant treatments such as radiotherapy, chemoembolization, particle implantation, and targeted therapy. 
Therefore, this study does not have much information about postoperative adjuvant therapy in ACC, and there remains 
a lack of experience with these modalities in this field.

The ENSAT staging system was proposed by Fassnacht et al in 2009 and is based on a retrospective study of 492 
ACC patients in Germany with a mean follow-up of 36 months.29 Following validation in 573 North American subjects, 
it was found to be more accurate at predicting survival and recurrence than the UICC system. Similarly, our study found 
a significant association between the ENSAT staging system and OS (P = 0.014) and RFS (P = 0.023) in COX univariate 
analysis. Furthermore, our Kaplan–Meier survival analysis showed that the EASNT staging system provided a good 
prognostic stratification for OS (P = 0.017), while the differences in Kaplan–Meier curves drawn on the basis of the 
UICC staging system among different stages were not statistically significant.

In a study involving 569 stage I–III ACC patients, Bueschlein et al identified Ki-67 as the single most effective 
predictor of RFS and OS.14 In a recent single-center retrospective study by Else et al,30 multivariate analysis revealed 
that age at diagnosis, increased cortisol secretion, and high tumor stage and grade were significantly associated with 
decreased OS. The grade, R status, age, symptoms (GRAS) score classification was recently reported to be significantly 
associated with ACC prognosis in a study involving data from ACC patients from the United States. High GRAS scores 
were also associated with OS and DFS in postoperative patients according to a study by Jordan et al.31 A study of 444 
patients with stages III/IV ACC showed that the modified ENSAT (mENSAT) staging and GRAS parameters were the 
best methods for stratifying the prognosis of patients with advanced ACC.32 A cohort study of 65 ACC patients 
conducted by at the West China Hospital of Sichuan University in 2019 also showed that symptoms, higher tumor 
grade, and positive/unknown R-resection status were independent risk factors for stage I–III ACC patients.33 Our 
multivariate regression analysis that Ki67 >20% and residual tumor (R1/2 status) were independent risk factors for 
shorter OS; Ki67 >20% was also an independent risk factor for shorter RFS, which was consistent with previous studies. 
Our prediction nomogram based on Ki67, R status and venous cancer thrombus had high C-index and AUC values, and 
high C-index was also obtained in the external validation of TCGA, which ensured that the nomogram established in this 
study was more accurate and credible. Moreover, Kaplan–Meier survival analysis of our cohort showed that M1 stage 
(P = 0.008), late ENSAT stage (P = 0.017), cases with venous tumor thrombus (P = 0.015) and poorly differentiated 
tumors (P = 0.047) were associated with worse OS; furthermore, late ENSAT stage (P = 0.017) accompanied with tumor 
thrombus (P = 0.008) was associated with worse RFS.

In a French study of 253 patients, the 5-year OS rate of the entire cohort was 38%, and stage I, II, III, and IV patients 
showed 5-year OS rates of 66%, 58%, 24%, and 0,34 respectively. These data from our study were 100%, 75.5%, 50.9%, 
and 25.9%, respectively. A previous study of 3982 ACC patients found that among all patients who underwent surgical 
resection, the 5-year OS rate was 38.6% (median survival: 31.9 months), which was lower than the 59.8% in this study. 
The better overall prognosis of the patients in this study may be related to the small number of patients and selection bias. 
Additionally, Kaplan–Meier survival analysis showed that the OS and RFS of female patients were lower than those of 
men (Figures 1G and 2D), suggesting that gender might be a risk factor affecting prognostic stratification, but the 
differences between men and women were not statistically significant (P = 0.115, P = 0.097). Further verification in large 
samples is expected in future studies.

Conclusions
ACC is a rare and deadly endocrine malignancy with a high rate of recurrence. Radical surgery with complete tumor 
resection can prolong patient survival. Ki67 index >20% and R1/R2 resection status are independent risk factors for 
adverse prognosis in ACC patients. A novel nomogram with a relatively good accuracy was established to assist 
clinicians in assessing the risk of OS in patients with ACC.
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