
David SO et al. A Revised Version of … Horm Metab Res 2023; 55: 227–235 | © 2023. The Author(s)

Original Article: Endocrine Care

A Revised Version of the TNM Classification Leads to Optimized 
Predictive Performance in Patients with Adrenocortical Carcinoma
  

Authors
Stephan Oliver David1*, Sarah Krieg2*, Irene Esposito3, Matthias Schott4, Frederik Lars Giesel5,  
Christoph Roderburg2, Sven Heiko Loosen2, Tom Luedde2, Wolfram Trudo Knoefel1, Andreas Krieg1 

Affiliations
1 Department of Surgery (A), Heinrich-Heine-University 

and University Hospital Duesseldorf, Duesseldorf, 
Germany

2 Clinic for Gastroenterology, Hepatology and Infectious 
Diseases, Heinrich-Heine-University and University 
Hospital Duesseldorf, Duesseldorf, Germany

3 Institute of Pathology, Heinrich-Heine-University and 
University Hospital Duesseldorf, Duesseldorf, Germany

4	 Division	for	Specific	Endocrinology,	Heinrich-Heine-Uni-
versity and University Hospital Duesseldorf, Duesseldorf, 
Germany

5 Department of Nuclear Medicine, Heinrich-Heine-Univer-
sity and University Hospital Duesseldorf, Duesseldorf, 
Germany

Key words
adrenocortical carcinoma, tumor staging,  
TNM	classification,	UICC,	AJCC

received 04.02.2023 
accepted after revision 09.02.2023
accepted manuscript online 24.02.2023

Bibliography
Horm Metab Res 2023; 55: 227–235
DOI 10.1055/a-2042-2431
ISSN 0018-5043
© 2023. The Author(s).
This is an open access article published by Thieme under the terms of the 
Creative Commons Attribution-NonDerivative-NonCommercial-License, 
permitting copying and reproduction so long as the original work is given 
appropriate credit. Contents may not be used for commecial purposes, or 
adapted, remixed, transformed or built upon. (https://creativecommons.
org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14, 
70469 Stuttgart, Germany

Correspondence
Andreas Krieg
Department of Surgery (A), Heinrich-Heine-University and 
University Hospital Duesseldorf
Moorenstr. 5 
Bldg. 12.46, 
40225 Duesseldorf 
Germany 
Tel.: + 49 211 81 19251, Fax: + 49 211 81 19205  
andreas.krieg@med.uni-duesseldorf.de

AbSTR ACT

The	prognostic	stratification	of	the	current	AJCC/UICC	TNM	
classification	for	adrenocortical	carcinoma	(ACC)	has	been	val-
idated in only a few studies. In this study, it was hypothesized 
that	redefining	the	T	category	cut-off	would	result	in	a	signifi-
cant improvement in estimated stage-related survival. In 935 
patients	with	ACC	from	the	SEER	database,	optimal	cut-off	
values	based	on	tumor	size	were	first	determined	to	redefine	
T1 and T2 categories. Cox proportional hazards regression 
analysis and receiver operating characteristics (ROC) were then 
used to determine the prognostic value of the revised version. 
A	new	cut-off	value	of	9.5	cm	tumor	size	was	established	to	
differentiate	between	T1	and	T2	tumors,	leading	to	a	revised	
TNM	classification.	As	a	result,	a	more	homogeneous	distribu-
tion of patients with ACC across all stages was observed. Nota-
bly,	the	predictive	value	of	the	newly	proposed	TNM	classifica-
tion in the ROC analysis exceeded that of the 7th and 8th 
editions	of	the	AJCC/UICC	classification	system.	Finally,	the	
prognostic	superiority	of	the	revised	TNM	classification	was	
confirmed	in	a	multivariate	Cox	proportional	hazards	regres-
sion model. In conclusion, the present study demonstrates that 
updating the current staging system with revised T1 and T2 
categories	significantly	improves	the	prediction	of	cancer-spe-
cific	survival	(CSS)	in	patients	with	ACC.
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Introduction
Adrenocortical carcinoma (ACC) is an extremely rare tumor entity 
with an incidence of 0.5–2 per million population. In addition, ACC 
is associated with a very poor prognosis with a 5-year survival rate 
ranging from 16 % to 47 % depending on tumor stage [1–3]. Treat-
ment of ACC depends on the stage of the disease and consists of 
surgical resection, radiotherapy and chemotherapy. Advanced 
tumor stages are largely reserved for radiotherapy and chemother-
apy, primarily with mitotane [4–8].

A	globally	uniform	system	for	the	classification	of	tumor	stages	
into T (tumor extension), N (lymph node metastasis), and M (dis-
tant metastasis) categories is essential for the prognostic assess-
ment	and	thus	for	the	decision	on	the	respective	stage-specific	
treatment	strategy.	Of	note,	until	2003,	no	TNM	classification	for	
ACC	had	been	proposed	by	the	American	Joint	Committee	on	Can-
cer	(AJCC)	or	the	Union	Internationale	Contre	le	Cancer	(UICC),	
leading	to	different	staging	classifications	for	ACC	without	valida-
tion	in	appropriate	cohort	sizes	[9–13].	Therefore,	in	2004,	the	AJCC	
developed	the	TNM	classification	for	ACC.	Essentially,	the	7th	edi-
tion	of	the	AJCC/UICC	was	based	on	the	classifications	proposed	by	
Sullivan and Macfarlane [11, 13]. Accordingly, stage I disease was 
defined	as	tumors		≤	5	cm	in	size	without	lymph	node	or	distant	me-
tastases (T1N0M0). Tumors without lymph node or distant metas-
tases and with a size  > 5 cm were considered stage II (T2N0M0). ACC 
that invade adjacent tissues (T3N0M0) or involve lymph nodes (T1–

2N1M0)	were	classified	as	stage	III.	Stage	IV	includes	ACC	with	infil-
tration of surrounding tissue and lymph node metastases (T3N1M0) 
or	infiltration	of	adjacent	organs	(T4N0M0) and the presence of dis-
tant metastases (T1–4N0–1M1).	However,	this	classification	system	
showed weaknesses in two studies with large patient cohorts and 
has been questioned by others [14, 15]. Specifically, their data 
showed	that	disease-specific	survival	(DSS)	did	not	differ	signifi-
cantly between stage II and stage III patients, who accounted for 
approximately 58 % of ACC cases. In addition, stage IV patients with 
distant	metastases	had	significantly	worse	survival	than	stage	IV	
patients without distant metastases [14, 16]. Another disadvan-
tage	of	this	classification	was	the	unbalanced	distribution	of	pa-
tients by tumor stage, with stage I and III tumors together account-
ing for only 21 % of patients [15]. These considerations led to a re-
classification	by	the	European	Network	for	Study	of	Adrenal	Tumors	
(ENSAT)	consortium	in	2008,	which	was	then	incorporated	into	the	
8th	edition	of	the	AJCC/UICC	for	ACC.

According	to	this	classification,	stages	I	and	II	are	still	defined	by	
tumor	size,	with	the	cut-off	remaining	at	5	cm,	so	that	comparing	
stages	I	and	II	does	not	imply	any	prognostic	differences.	Thus,	the	
main	difference	in	this	classification	is	that	only	tumors	with	distant	
metastases (T1–4N0–1M1)	are	classified	as	stage	IV,	whereas	stage	
III includes all ACCs with lymph node metastases (T1–2N1M0) or tu-
mors that invade the surrounding tissue (T3–4N0–1M0). Overall, the 
reclassification	in	the	8th	edition	results	in	a	significant	prognostic	
difference	only	between	stage	II	and	III	[14,	16].	Therefore,	we	hy-
pothesized	that	redefining	the	cut-off	value	for	T	category	should	
further improve the predictive accuracy of the TNM staging sys-
tem.	Using	the	Surveillance,	Epidemiology,	and	End	Results	Pro-
gram	(SEER)	database,	the	purpose	of	our	study	was	to	determine	
a	new	cut-off	value	for	distinguishing	T1	and	T2	tumors	and	to	eval-
uate the prognostic performance of the 7th and 8th editions of the 

AJCC/UICC	staging	system	and	our	revised	TNM	classification,	re-
spectively.

Patients and Methods

Study population
Cancer registry data from the National Institutes of Health (NIH) 
Surveillance,	Epidemiology,	and	End	Results	(SEER)	program	were	
retrieved	on	May	16th,	2022	using	SEER*stat	software	version	
8.4.0.1	and	the	SEER-17	registries	released	in	November	2021	[17].	
In	the	SEER-17	registries,	which	comprise	cancer	patients	with	di-
agnoses between 2000 and 2019, patients with ACC were identi-
fied	according	to	histology	code	ICD-O-3	code	8370/3	(Interna-
tional	Classification	of	Diseases	for	Oncology,	third	edition).	The	
following	registries	are	included	in	the	SEER-17	registries:	Alaska	
Native Tumor Registry, Connecticut, Atlanta, Greater Georgia, Rural 
Georgia,	San	Francisco-Oakland,	San	Jose-Monterey,	Greater	Cali-
fornia, Hawaii, Iowa, Kentucky, Los Angeles, Louisiana, New Mexi-
co,	New	Jersey,	Seattle-Puget	Sound,	and	Utah.	Data	were	retrieved	
on May 16th, 2022.

Statistical analysis
The	optimal	cut-off	value	for	tumor	size	to	distinguish	between	T1	and	
T2	tumors	was	determined	using	the	X-tile	software	[18].	The	cut-off	
value	with	the	lowest	p-value	from	the	log-rank	χ2 statistic was deter-
mined	for	the	classification	of	T1	and	T2	tumors	with	respect	to	CSS.

For each patient, the TNM stage was then determined using the 
TNM	classification	defined	by	the	7th	or	8th	edition	of	the	AJCC/
UICC or based on our revised version. Kaplan–Meier survival curves 
for	each	TNM	stage,	defined	according	to	the	7th	and	8th	edition	
of	the	AJCC/UICC	classification	system	and	our	revised	classifica-
tion,	respectively,	were	generated	for	cancer-specific	survival	(CSS)	
and statistically analyzed using the log-rank test. Therefore, can-
cer-specific	death	was	defined	according	to	the	SEER	cause-specif-
ic	death	classification.	Lifetime	tables	were	used	to	determine	1-,	
3-,	and	5-year	CSS	rates.	The	prognostic	accuracy	of	the	3	different	
classifications	was	determined	for	the	1-,	3-	and	5-	year	CSS	using	
the area under the curve (AUC) derived from the receiver operat-
ing characteristic (ROC). While a value of 1 represents the best 
model prediction, an AUC greater than 0.7 indicates a good model 
and a value of 0.5 means that the model is no better than predict-
ing	an	event	by	chance	alone.	The	statistical	significance	of	the	dif-
ferences	between	the	AUCs	of	the	individual	TNM	classifications	
was tested with the DeLong test [19].

Finally, using Cox proportional hazards regression analysis, we test-
ed	the	prognostic	value	of	the	AJCC/UICC	staging	system	(7th	and	8th	
edition) and our proposed revised TNM version for CSS. For risk fac-
tors with missing data, multivariate imputation by chained equations 
(MICE)	was	applied	[20].	Therefore,	the	imputation	method	to	be	used	
for	each	column	in	data	was	specified	as	the	classification	and	regres-
sion trees (CART) and the number of multiple imputations was set to 
5. Adjustment of our multivariate Cox regression model was made for 
age, sex, treatment modality, race, marital status and laterality. Accu-
racy	values	were	quantified	using	the	concordance	index	(C-index),	
which	is	a	modification	of	the	AUC.	The	values	of	the	C-index	and	thus	
the accuracy of the model prediction are interpreted in the same way 
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as	the	AUC.	Statistical	significance	was	assumed	at	a	p-value	<	0.05.	
The statistical analyses were conducted with the software R (version 
1.4.1106) utilizing the packages readxl, pROC, mice, survival, and sur-
vminer [20–25].

Results
A	search	of	the	SEER-17	registries,	published	in	November	2021	
and covering cancer patients with diagnoses between 2000 and 
2019 [17], retrieved 1778 patients with a diagnosis of ACC (ICD-O-
8370/3). Patients with the following characteristics were excluded 
from this study: no positive histology (n = 104), incomplete T, N, M 
status	(n	=	612),	age	<	18	years	(n	=	82),	missing/unknown	cause	of	
death (COD; n = 14), unknown treatment modalities (n = 5), and 
unknown tumor size (n = 26). Finally, a total of 935 patients with 
histologically	confirmed	ACC	were	included	in	this	study	for	further	
analysis (▶Fig. 1). Of particular note, all of these patients were di-
agnosed between 2004 and 2019, thus our study population is 
composed only of patients after the introduction of the 7th edition 
of the TNM. Pathologic and demographic data, as well as treatment 
modalities, are summarized in ▶Tables 1 and 2. The median age 
was 56 years (range: 18–91 years) and median tumor size was 
105 mm (range: 5–800 mm). The most frequently assigned T cat-
egory,	defined	by	the	8th	edition	of	the	AJCC/UICC	classification	
system, was T2 45.56 % (n = 426), followed by T3 23.74 % (n = 222), 
T4 23.53 % (n = 220), and T1 7.17 % (n = 67). In this cohort, 62.67 % 
(n = 586) patients were females and 37.33 % (n = 349) were males. 
Affected	lymph	nodes	were	detected	in	11.76	%	(n	=	110)	and	dis-
tant metastases in 29.3 % (n = 274). Of these 935 patients, in 
54.01 % (n = 505) ACC was located in the left, in 44.81 % (n = 419) 
the right adrenal gland, and in 1.18 % (n = 11) the localization was 
unknown. Among the included patients, 10.91 % (n = 102) were 
treated with chemotherapy or radiation alone and 82.67 % (n = 773) 
underwent surgery. In contrast, in 6.42 % (n = 60) no therapy was 
performed or recommended.

Of the patients who underwent surgery, 2.35 % (n = 22) received 
local tumor excision, 13.37 % (n = 125) simple/partial surgical re-

moval of primary site, 45.45 % (n = 425) total surgical removal of 
primary site, 18.82 % (n = 176) radical surgery with resection in con-
tinuity with other organs, and 1.07 % (n = 10) received tumor 
debulking. Unfortunately, in 1.6 % (n = 15) patients no exact spec-
ification	of	the	surgical	procedure	was	available.	A	total	of	168	 
patients (17.97 %) underwent radiotherapy and 405 (43.32 %) re-
ceived chemotherapy (▶Table 2).

Because	tumor	stages	I	and	II	differ	only	in	tumor	size,	we	used	
X-tile software [18] to assess whether a more prognostically rele-
vant	cut-off	value	for	tumor	size	could	be	determined.	This	ap-
proach revealed that a tumor size of 9.5 cm has a substantially dif-
ferential prognostic predictive value (data not shown). Therefore, 
we postulate a revised staging system that defines T1 tumors 
as		≤	9.5	cm	and	T2	tumors	as		>	9.5	cm	in	size.	Using	this	revised	
classification,	we	compared	the	distribution	of	patients	among	the	
different	stages	with	that	of	the	7th	and	8th	edition	of	the	AJCC/
UICC	classification	system	(▶Fig. 2a).	Hence,	the	new	cut-off	value	
of 9.5 cm resulted in a shift of 143 patients from stage II (n = 186) 
of the TNM 7th and 8th edition to stage I (n = 193) of our suggest-
ed	classification	system.	Consequently,	the	revised	stage	I	now	in-
cludes 20.64 % of patients compared with 5.35 % previously, and 
our proposed stage II thus includes 19.89 % instead of 35.19 %. This 
also leads to a more balanced distribution of patients between 
these two tumor stages.

We then generated Kaplan–Meier survival curves (▶Fig. 2b–e) 
and	calculated	the	1-,	3-,	and	5-year	CSS	rates	for	each	classifica-
tion and tumor stage. Accordingly, the 1-, 3-, and 5-year CSS rates 
were 89.5 %, 69.5 %, and 58.7 % for stage I patients and 92.1 %, 
71.6 %, and 63.4 % for stage II patients regardless of the edition. 
However,	with	our	revised	classification,	the	1,	3,	and	5-year	CSS	
rates of stage I patients changed to 92.8 %, 78.1 %, and 69.1 % and 
to 90.7 %, 64.6 %, and 56.4 % in stage III patients, respectively. By 
revision	of	the	7th	edition	of	the	AJCC/UICC	classification,	CSS	at	1,	
3, and 5 years changed from 78.5 %, 47.8 %, and 38.3 % in tumor 
stage III to 73.8 %, 43.5 %, and 37.1 % and from 46.1 %, 22.1 %, and 
17.4 % to 38.2 % 16.2 % and 10.2 % in tumor stage IV, respectively. 

▶Fig. 1	 Case	selection	from	patients	with	ACC	extracted	from	the	SEER	database.
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Note that survival rates for stages III and IV in our revised version 
remain unchanged from the 8th edition.

To	compare	the	predictive	power	of	the	AJCC/UICC	classifica-
tions (7th and 8th edition) with our suggested version, we next per-
formed	an	ROC	analysis	for	each	classification	(▶Fig. 3a–d). The 
AUC of our revised version showed the highest values for the 1-, 3-, 
and 5-year CSS, respectively, when compared with the 7th and 8th 
edition	of	AJCC/UICC	(▶Fig. 3e).	While	the	difference	in	the	AUC	

for	the	7th	edition	of	the	AJCC/UICC	TNM	classification	and	our	pro-
posed	classification	was	significantly	different	for	all	time	points,	
this was only true for the 3-, and 5-year CSS when comparing with 
the 8th edition, which supports an improved predictive power of 
our	revised	classification.

Finally, to determine the highest discriminatory power of the 
different	TNM	staging	systems	in	predicting	prognosis,	we	also	per-
formed Cox proportional hazards regression analysis adjusted for 
age, sex, race, marital status, tumor laterality, and type of therapy 
(surgery versus chemotherapy or radiotherapy alone), and assessed 
model	performance	for	each	TNM	classification	by	assessing	the	
C-index.	Again,	our	suggested	TNM	classification	showed	not	only	
the best prognostic discrimination between tumor stages (▶Table 
3), but also the highest predictive performance (C-index = 0.768; 
SE	=	0.011)	when	compared	with	multivariate	models	that	includ-
ed	the	AJCC/UICC	7th	(C-index	=	0.764;	SE	=	0.011)	or	8th	edition	
(C-index	=	0.767;	SE	=	0.011)	TNM	classification.

Discussion
Reliable prognostic assessment after resection of ACC is essential 
for improved patient counseling regarding long-term outcomes, 
follow-up,	and	adjuvant	therapy	decisions.	To	date,	the	ENSAT	stag-
ing system is commonly accepted as the standard prognostic factor 
in ACC despite considerable heterogeneity [14, 16, 26]. There are 
several	factors	driving	the	requirement	for	a	unified	and	accurate	
staging system. An optimal staging system captures the most rel-

▶Table 1 Patient characteristics.

Variable Overall population 
(n = 935)

Age

Median (range) 56 (18–91)

Gender n ( %)

Female 586 (62.67)

Male 349 (37.33)

Race n ( %)

White 780 (83.42)

Black 80 (8.56)

American Indian/Alaska Native 3 (0.32)

Asian	or	Pacific	Islander 66 (7.06)

Unknown 6 (0.64)

Marital status n ( %)

Separated/Divorced/Widowed 161 (17.22)

Married/Domestic partner 552 (59.04)

Single 191 (20.43)

Unknown 31 (3.32)

Laterality n ( %)

Left 505 (54.01)

Right 419 (44.81)

Unknown 11 (1.18)

T category n ( %)

T1 67 (7.17)

T2 426 (45.56)

T3 222 (23.74)

T4 220 (23.53)

N category n ( %)

N0 825 (88.24)

N1 110 (11.76)

M category n ( %)

M0 661 (70.7)

M1 274 (29.3)

First malignant primary n ( %)

No 118 (12.62)

Yes 817 (87.38)

Tumor size (mm)

Median (range) 105 (5–800)

Number of malignant tumors

Median (range) 1 (1–5)

▶Table 2 Therapies of the included patients.

Treatment Total ( %)

Therapy

Surgery 773 (82.67)

Chemotherapy/Radiation alone 102 (10.91)

Not performed/recommended 60 (6.42)

Surgery

No surgery 162 (17.33)

Local tumor excision 22 (2.35)

Simple/partial surgical removal of primary site 125 (13.37)

Total surgical removal of primary site 425 (45.45)

Debulking 10 (1.07)

Radical surgery with resection in continuity with 
other organs

176 (18.82)

Surgery NOS 15 (1.60)

Radiation

No/unknown 767 (82.03)

Yes 168 (17.97)

Chemotherapy

No/unknown 530 (56.68)

Yes 405 (43.32)

NOS:	Not	otherwise	specified.
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evant data regarding prognostic factors to maximize predictive ac-
curacy with clinical relevance while remaining clinically practical. 
Staging systems facilitate the comparison of similar patient cohorts 
and	their	treatment.	Especially	for	rare	tumors	such	as	ACC,	it	is	im-
portant to collect internationally standardized data to obtain the 
largest possible cohort of patients to improve clinical research [26]. 
Therefore,	in	the	present	study,	we	took	advantage	of	the	SEER	da-
tabase	and	compared	the	7th	and	8th	editions	of	the	AJCC/UICC	
TNM	classification	in	a	large	cohort	of	patients	with	ACC.	Since	the	
minority of tumors in our cohort were T1 according to the current 
TNM	classification,	but	most	were	T2,	differing	only	in	size,	we	in-
vestigated	whether	there	might	be	a	prognostically	better	cut-off	
for tumor size. As a result, we were able to identify an alternative 
tumor	size	cut-off	of	9.5	cm,	which	resulted	in	a	more	homogene-
ous distribution of tumor stages I and II, but also a better predic-
tion	of	CSS.	To	date,	only	a	few	studies	have	compared	the	AJCC/
UICC 7th and 8th edition TNM staging systems with respect to their 
prognostic relevance. In this context, recent studies have shown 
that DSS in stage II and III tumors can be better discriminated by 
the updated staging system, which is consistent with the results of 
our	study	[14,	16,	27].	Furthermore,	we	showed	that	a	redefinition	
of	the	cut-off	value	for	tumor	size	to	distinguish	T1	and	T2	tumors	
leads to an improvement in prognostic accuracy. In both the 7th 

and	8th	editions	of	the	AJCC/UICC	TNM	classification	system,	the	
difference	between	CSS	stage	I	and	II	was	not	distinguishable,	as	
the survival curves for stage I and II overlapped almost complete-
ly.	Moreover,	only	a	small	percentage	of	patients	were	classified	as	
stage	I,	which	in	itself	makes	such	classification	highly	questiona-
ble. Although Fassnacht and coworkers postulated in the past that 
other	cut-offs	did	not	lead	to	better	prognostic	discrimination	be-
tween tumor stages I and II [16], we were now able to demonstrate 
a	prognostic	difference	using	our	newly	defined	cut-off	for	T1/T2	
tumors in a larger cohort of patients with ACC. However, whether 
this	will	lead	to	a	different	therapeutic	regimen	among	current	
treatment options and thus better outcomes for patients requires 
further investigation. In addition, further subdivision of heteroge-
neous stage IV may be of interest in the future. In this context, Ab-
del-Rahman [27] and Libé et al. [28] proposed to subdivide stage 
IV into stages IVA and IVB, depending on the number of organs in-
volved or distant metastases.

Furthermore, there is consensus that additional factors such as 
resection margins [29, 30], other histopathologic findings 
[28, 31, 32], hormonal activity [33], or age [34] should be taken 
into	account	in	the	future	to	achieve	better	risk	stratification	for	
 recurrence and to estimate prognosis. Since several studies have 
previously demonstrated an association between the Ki67 labeling 

▶Fig. 2	 Kaplan–Meier	curves	for	cancer-specific	survival	according	to	the	TNM	stages.	(a)	Distribution	of	TNM	stages	according	to	the	AJCC/UICC	
7th	or	8th	edition	and	the	revised	staging	system.	Survival	curves	for	the	respective	tumor	stages	defined	on	the	basis	of	the	(b) 7th, (c) 8th or (d) 
revised	TNM	classification.	Ed.:	Edition.
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index or mitotic rate and survival in ACC patients [2, 31, 32, 35], it 
may also be useful to include the mitotic index and other factors in 
a	multivariable	classification	system	[28,	36].	In	this	context,	a	com-
prehensive score was developed in 2015 that combines prognostic 
parameters such as tumor grade (G), resection status (R), age (A), 
and symptoms (S) into a single prognostic tool, the GRAS score, 
with a higher GRAS score associated with worse outcomes [37]. 
Recently,	the	ENSAT	score	has	also	been	incorporated	into	the	GRAS	
score,	which	is	now	called	S-GRAS	[38].	Compared	with	ENSAT	stag-
ing and the Ki67 index, the S-GRAS score was shown to have bet-
ter prognostic discrimination for both DSS and progression-free 
survival	(PFS).	Of	note,	the	ENSAT	stage	is	weighted	higher	com-
pared to the other components of the S-GRAS score and has a 
stronger impact on PFS and DSS when calculating the score. How-
ever,	in	the	S-GRAS	score,	ENSAT	stages	1	and	2	are	combined	and	
scored as 0, whereas stages 3 and 4 are assessed separately with 1 
and 2 points, respectively. It would therefore be interesting to in-
vestigate	to	what	extent	a	redefinition	of	stages	1	and	2	and	an	ad-
justment of the S-GRAS score, especially with regard to the scoring 
of stages 1 and 2, could have an impact on the prognostic role of 
the S-GRAS and thus on the prediction of recurrence and response 
to	mitotane	therapy,	and	whether	this	could	help	to	offer	a	new,	
improved treatment strategy to operated ACC patients [38].

ACC has a high risk of recurrence of approximately 60–80 per-
cent despite complete tumor resection [39]. However, the evidence 
for adjuvant therapy is limited, with only a few data from rand-
omized trials, and it is unclear whether patients at low risk of recur-
rence	benefit	in	particular.	Since	2007,	mitotane	has	been	consid-
ered the main chemotherapeutic agent for the treatment of ACC 
not only in advanced but also in the adjuvant setting [39, 40]. Ini-
tially, all patients received adjuvant mitotane as standard of care 
with the expectation of improving both overall survival (OS) and 
DSS	[40].	However,	due	to	the	relevant	spectrum	of	side	effects,	
mitotane therapy has been increasingly questioned and investigat-
ed	in	several	trials	[41].	The	first	international	randomized	adjuvant	
trial,	ADIUVO,	compared	the	effect	of	adjuvant	mitotane	therapy	
versus active surveillance in a total of 91 patients with completely 
resected ACC and low or intermediate risk of recurrence (stage I–
III,	R0,	Ki-67		≤	10	%)	over	a	10-year	period.	There	was	no	significant	
difference	in	the	primary	endpoint	of	recurrence-free	survival	(RFS)	
or OS. The results suggest that mitotane should not be routinely 
administered to all patients to avoid potentially toxic treatment ef-
fects in these patients [39]. In this context, it would also be inter-
esting to investigate the role of radiotherapy in adjuvant treatment 
according to tumor stage and prognostic assessment in rand-
omized	trials.	Evidence	suggests	that	patients	with	microscopic	or	
macroscopic incomplete resection without evidence of distant 

▶Fig. 3	 ROC	curves	and	the	corresponding	AUC	values	for	the	respective	TNM	classification.	The	ROC	curves	were	generated	for	the	(a) 1-year, (b) 
3-year, and (c)	5-year	CSS	according	to	the	TNM	classification	of	the	7th	and	8th	edition	and	the	revised	version	as	indicated	and	(d) the associated 
AUC	values	were	determined	and	compared.	*p	<	0.05;	**p	<	0.01;	***p	<	0.001;	****p	<	0.0001.
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	metastases	may	benefit	from	radiotherapy,	although	randomized	
trials	focusing	on	these	specific	subgroups	are	lacking	[39].

However, when interpreting our data, we must acknowledge 
that our study may be limited by the inevitable limitations of a ret-
rospective database analysis, such as bias due to unrecorded rea-
sons for not receiving treatment and limitations due to missing 
 variables or data. In addition, information on patients' comorbidi-
ties	is	lacking	and	coding	reliability	may	vary.	Although	the	SEER	
database is an excellent cancer registry with high reliability due to 
strict quality assurance and continuous updating, other prognos-
tically relevant information such as resection status (R), hormone 
secretion status, tumor grading and mitotic index, as well as mo-
lecular pathology markers are not available for further analysis. Al-
though our sample size appears relatively small compared with 
other database analyses, it is important to note that our study co-
hort of 935 patients is larger than most previous studies of ACC.

With	the	update	of	the	staging	system	by	the	ENSAT	consor-
tium,	the	prediction	of	CSS	has	been	significantly	improved.	In	ad-
dition,	the	redefinition	of	T1	and	T2	in	this	study	resulted	in	a	bet-
ter distribution of the patient cohort and a more accurate distinc-
tion of CSS between stages I and II. In particular, the 3-year and 
5-year	survival	rates	are	better	differentiated	in	our	proposed	ver-
sion	compared	to	the	established	TNM	classification	systems.

Conclusion
The	revised	TNM	classification	for	this	rare	tumor	entity	presented	
in	this	study	proved	to	be	effective	and	reliable.	Already	the	update	
of	the	staging	system	by	the	ENSAT	consortium	improved	the	pre-
diction	of	CSS.	In	addition,	the	redefinition	of	T1	and	T2	in	this	study	
resulted in a more accurate distribution of the patient population 
and a more precise distinction of CSS between stages I and II. In 
particular, the 3-year and 5-year survival rates are more precise in 
our	proposed	version	compared	to	the	established	TNM	classifica-
tion systems.

We	propose	to	stratify	these	patients	into	different	subgroups	
requiring	different	therapies	according	to	their	individual	risk	of	re-
currence. Furthermore, the establishment of prospectively validat-
ed	prognostic	risk	calculators	and	the	use	of	molecular	profiling	of	
ACC to accurately estimate the risk of recurrence, especially to 
guide adjuvant therapy, seems reasonable. However, the question 
of whether improved prognostic assessment leads to a change in 
treatment options needs to be addressed in future prospective 
studies. In addition, the extent to which the integration of addi-
tional potentially prognostic criteria into our proposed TNM stag-
ing system can improve the prognostic assessment of patients with 
ACC deserves further evaluation.
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