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Abstract
Objectives: The aim of this retrospective international analysis was to evaluate the role of risk

factors in pediatric patientswith adrenocortical carcinoma (ACC) observed in European countries

(2000–2013) in an attempt to identify factors associated with poor prognosis.

Procedures: Data were retrieved from databases of Germany, France, Poland, and Italy, which

form the European Cooperative Study Group on Pediatric Rare Tumors (EXPeRT). Patients were

less than 18 years old, with at least one of the following tumor-related risk factors: metastases,

volume more than 200 cm3, Cushing syndrome, vascular or regional lymph node invasion, initial

biopsy, or incomplete excision. Role of patients’ age was also evaluated.

Results: Eighty-two patients were evaluated: 62 with localized disease and 20 with metastases.

The 3-year progression-free survival (PFS) and overall survival (OS) were 39% and 55% for the

whole population, respectively, and 51% and 73% for localized diseases, respectively. Concerning

the whole population, PFS and OS were influenced by distant metastases, tumor volume, lymph

node involvement, age, and presence of two or more risk factors. Factors significant only at OS

were vascular involvement and incomplete surgery. At multivariable analysis, the main factors at

PFS were volume more than 200 cm3 (hazard ratio [HR]: 2.6, 95% confidence interval [CI]: 1.18–

5.70) and presence of distantmetastases (HR: 8.26, 95%CI: 3.49–19.51). TheOSwas significantly

influencedby the presence ofmetastases (P<0.0001). Concerning patientswith localized tumors,

the only significant prognostic factor was volume more than 200 cm3 with a HR of 4.38 (95% CI:

1.60–12.00) for PFS and of 3.68 (95%CI: 1.02–13.30) for OS.

Conclusions: Distant metastases and large tumor volume were the main unfavorable prognostic

factors. Presence of two ormore factors related to ACCwas associatedwith an aggressive behav-

ior of disease.
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PFS	  and	  OS	  were	  influenced	  by	  distant	  metastases,	  tumor	  volume,	  lymph	  
node	   involvement,	   age,	   presence	   of	   two	   or	   more	   risk	   factors,	   vascular	  
involvement	  (OS)	  and	  incomplete	  surgery	  (OS).	  	  
At	  mulBvariable	  analysis,	   the	  main	  factors	  at	  PFS	  were	  volume>	  200	  cm3	  
(HR	  2.6)	  and	  distant	  metastases	  (HR	  8.26).	  OS	  was	  significantly	  influenced	  
by	  the	  presence	  of	  metastases	  (P	  <	  0.0001)	  
	  

•  82	  paBents	  <18	  years	  (study	  period	  2000-‐2013)	  from	  databases	  
of	  Germany,	  France,	  Poland	  and	  Italy	  

•  62	  localized	  disease,	  20	  with	  metastases	  	  
•  Whole	  serie:	  3-‐year	  PFS	  39%,	  OS	  55%	  	  
•  Localized	  diseases:	  3-‐year	  PFS	  51%,	  OS	  73%	  
•  MetasBc	  diseases:	  1-‐year	  PFS	  6%,	  OS	  29%	  
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F IGURE 1 EstimatedPFS (A) andOS (B) for thewhole cohort of patients (39% [95%CI: 27–50] and 55% [95%CI: 42–66] at 3 years); for localized
(51% [95%CI: 37–64] and 73% [95%CI: 58–83] at 3 years); and formetastatic patients (6.3% [95%CI: 0.4–25] and 29% [95%CI: 11–50] at 1 year)
with high-risk ACC

in terms of PFS or OS. Among the risk factors related to tumor, only

large volume showed a statistical influence at PFS (P = 0.0036). The

pejorative impact of lymph node involvement seems significant, but

it regards only a part of the evaluable patients. Initial surgery results

were associated with different survivals: complete excision had a bet-

ter 3-year PFS (56%) than incomplete microscopic excision (47%) or

initial biopsy (29%). Complete excision was associated also with a sig-

nificant better 3-year OS. All four patients with localized tumors and

TABLE 2 Estimated survivals for the whole cohort according to patient’s and tumor’s characteristics and initial treatment (N= 82)

Characteristic N No. of events No. of deaths 3-year PFS (95%CI) P value 3-year OS (95%CI) P value

Age diagnosis (years) 0.0146 0.0018

≤4 28 9 5 67 (44–82) 86 (62–95)

4–10 19 13 9 21 (5.2–44) 44 (18–67)

>10 35 25 22 28 (14–44) 39 (22–55)

Volume>200 cm3 0.0046 0.0778

Yes 50 36 27 22 (12–35) 46 (31–60)

No 32 11 9 71 (50–84) 73 (51–86)

Cushing syndromea 0.3072 0.3664

Yes 25 18 14 32 (15–50) 50 (28–68)

No 55 28 21 43 (28–57) 59 (43–72)

Vascular invasiona 0.3112 0.0301

Yes 14 10 9 24 (5.7–48) 27 (6.8–53)

No 67 36 26 43 (30–56) 62 (47–73)

Initial surgery result 0.4582 0.0026

R0 31 15 10 51 (30–68) 72 (49–85)

R1 27 16 10 40 (21–58) 64 (40–80)

R2 8 5 4 47 (12–76) 45 (11–75)

Biopsy 16 12 12 15 (2.4–37) 14 (2.3–37)

Metastases <0.0001 <0.0001

Yes 20 18 18 0 0

No 62 29 18 51 (37–64) 73 (58–83)

Lymph node involvement 0.0005 0.0036

Yes 16 14 12 0 29 (9.2–53)

No 49 24 18 51 (35–65) 62 (45–75)

aThe sum does not add up to the total because of missing values. In bold type: P value less than 0.05, considered statistically significant.
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F IGURE 2 Estimated PFS (A) and OS (B) according to the number of risk factors related to the tumor (71 patients). The 3-year PFS for patients
with one, two, or three/more unfavorable factors was, respectively, 65% (95% CI: 42–81), 17% (95% CI: 3.3–39), or 17% (95% CI: 5.2–34). P =
0.0010. The 3-year OS for patients with one or two or three/more unfavorable factors was, respectively, 86% (95% CI: 62–95), 46% (95% CI: 21–
68), or 25% (95%: 9.6–45). P< 0.0001

TABLE 3 Multivariable analysis for PFS andOS in the whole cohort (N= 64) and in patients with localized tumors (N= 47)

PFS OS

Characteristic No. Events Hazard ratio (95%CI) P value Deaths Hazard ratio (95%CI) P value

Whole cohort

Volume>200 cm3 0.017

Yes 36 28 2.6 (1.2–5.7)

No 28 9 1a

Presence of metastases <0.0001 <0.0001

Yes 17 15 8.3 (3.5–19.5) 15 36 (11–120)

No 47 22 1a 22 1a

Localized tumours

Volume>200 cm3 0.0041 0.047

Yes 24 17 4.4 (1.6–12) 11 3.7 (1–13)

No 23 5 1a 3 1a

aReference category.

R2 excision survived, but this result is most likely due to a bias related

to the low number of patients. At multivariable Cox regression anal-

ysis performed on 47 patients with all the data available, tumor vol-

umewas theonly significant prognostic factor (Table 3). TheHR forPFS

was 4.4 (95%CI: 1.6–12, P= 0.0041) in patients with tumormore than

200 cm3 and 3.7 (95%CI: 1.0–13, P= 0.047) for OS.

5 DISCUSSION

The prognostic stratification of ACCs is still a challenging issue

due to their rarity, variable presentation, and difficulty in histologic

definition11,20,21 (Supplementary Table S1). This article represents a

report of the EXPeRT, a European network dedicated to data collec-

tion and study of pediatric rare tumors. As it happened for different

tumors in previous initiatives,22–24 the EXPeRT decided to combine

the European data on ACC collected by each national group with the

aim to evaluate themain prognostic factors in a large series of patients

treated recently. Because the range of survival for patientswithACC is

very large in literature,wedecided to consider only those patientswith

at least one adverse prognostic factor in order to evaluate the most

important ones.

The rarity of these tumors is confirmed also in this analysis; only

82 patients with high-risk ACC could be evaluated from four national

database in a period of 14 years. This series of patients allowed to per-

form an analysis of different known risk factors.

We underline that the impact of chemotherapy and mitotane was

not evaluated due to the different regimens adopted and the lack of

comparative evaluable data. The 3-year OS and PFS in this series are

quite low as compared with the data of literature,5,20,21,25,26 but this

poor outcome is justified by the fact that we selected only cases that

Conclusions:	  	  
Distant	  metastases	  and	  large	  tumor	  volume	  were	  the	  main	  unfavorable	  prognosBc	  factors.	  	  
Presence	  of	  two	  or	  more	  factors	  related	  to	  ACC	  was	  associated	  with	  an	  aggressive	  behavior	  of	  disease.	  


