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BACKGROUND: Adrenocortical carcinoma (ACC) is a rare malignancy, and it was only in 2004 that the International

Union Against Cancer (UICC) defined TNM criteria and published the first staging classification. However, to date, the

prognostic value of the proposed classification has not been evaluated. METHODS: The German ACC Registry com-

prising 492 patients was searched for patients who were diagnosed between 1986 and 2007 with detailed informa-

tion on primary diagnosis and a minimum follow-up of 6 months. Patients were assigned to UICC tumor stage, and

disease-specific survival (DSS) was assessed. In addition, the contribution of potential risk factors for DSS was eval-

uated. RESULTS: In total, 416 patients with a mean follow-up of 36 months met the inclusion criteria (stage I, n ¼ 23

patients; stage II, n ¼ 176 patients; stage III, n ¼ 67 patients; stage IV, n ¼ 150 patients). Kaplan-Meier analysis

revealed a stage-dependent DSS. However, DSS in patients with stage II ACC did not differ significantly from DSS in

patients with stage III ACC (hazard ratio, 1.38; 95% confidence interval, 0.89-2.16). Furthermore, patients who had

stage IV ACC without distant metastases had an improved DSS compared with patients who had metastatic disease

(P ¼ .004). An analysis of different potential risk factors for defining stage III ACC revealed important roles in

DSS for tumor infiltration in surrounding tissue, venous tumor thrombus (VTT), and positive lymph nodes; whereas

tumor invasion in adjacent organs carried a prognosis similar to that of infiltration in surrounding tissue only.

CONCLUSIONS: The 2004 UICC staging classification for ACC has significant limitations. On the basis of the current

analysis, a revised classification with superior prognostic accuracy is proposed (the European Network for the Study

of Adrenal Tumors classification). In this system, stage III ACC is defined by the presence of positive lymph nodes,

infiltration of surrounding tissue, or VTT; and stage IV ACC is restricted to patients with distant metastasis. Cancer

2009;115:243--50. VC 2009 American Cancer Society.

KEY WORDS: adrenal cancer, tumor staging, disease-specific outcome, prognosis.

Adrenocortical carcinoma (ACC) is a rare malig-

nancy with an estimated annual incidence of only 0.5 to

2.0 per million population.1-4 Accordingly, research in

ACC is severely hampered; and, to date, reliable prognos-

tic factors apart from tumor staging have not been firmly

established.5-9 However, in the past, different staging sys-

tems have been used4,10-14 and none of them reached gen-

eral acceptance.

The codification of staging systems has been a key

process in oncology because of the related relevance and the

associated treatment strategies. The tumor, lymph node,

andmetastasis (TNM) classification system proposed by the

International Union Against Cancer (UICC) and the Amer-

ican Joint Committee on Cancer is the most widely used

classification to assess the local extension of the primary tu-

mor, lymph node involvement, and the presence of distant

metastasis. The purpose of this classification is to provide a

powerful prognostic tool for predicting both disease-free

and disease-specific survival in patients with cancer.

Since its first edition in 1968, TNM status has been a

relevant outcome predictor in most tumor entities. How-

ever, it was only in 2004 that the UICC and the World

Health Organization published the first staging classifica-

tion based on TNM criteria for ACC.15 This classification

was based largely on earlier classification systems proposed

by Macfarlane10 and the later modification by Sullivan

et al.11 It categorizes tumors � 5cm as stage I (T1N0M0)

and tumors > 5cm as stage II (T2N0M0) if they do not

fulfill criteria for stage III and IV. Criteria for stage III are

tumor infiltration in the surrounding adipose tissue (T3) or

at least 1 positive lymph node (N1), and criteria for stage

IV are tumor infiltration into surrounding tissue and posi-

tive lymph nodes (T3N1), tumor invasion into adjacent

organs (T4), or the presence of distant metastasis (M1) (Ta-

ble 1). However, the prognostic value of the proposed

UICC classification remains to be established.

Because of the rarity of ACC, large cohorts of

patients for evaluation of staging systems are not readily

available.13,14,16-20 The largest series stems from the

National Cancer Institute’s Surveillance, Epidemiology,

and End Results database, which includes 725 patients

who were diagnosed between 1973 and 2000 in the US.4

However, clinical information and follow-up data are

rather limited in this cohort. The largest series of patients

with ACC with more detailed clinical information com-

prised 253 patients collected between 1978 and 1997 in

France14; and, more recently, a series of 202 patients from

a single French center was reported.20

In 2003, the German ACC Registry was initiated

with the objective of collecting well documented patients

Original Article

244 Cancer January 15, 2009



with ACC.21 In this report, we have used the data from

that registry to evaluate the prognostic value of the pro-

posed UICC classification for ACC. Furthermore, based

on the limitations of the current UICC classification evi-

dent from this analysis, we have used the German ACC

Registry cohort to identify relevant prognostic factors.

Consequently, we propose a revised TNM classification.

MATERIALS AND METHODS

German Adrenocortical Carcinoma Registry

The German ACC Registry was established in 2003 to

characterize better the clinical course and the outcome of

this disease in Germany. To this end, a structured evalua-

tion form was developed to collect comprehensive infor-

mation on diagnostic procedures, treatment, and follow-

up. All ‘‘German Adrenal Network: Improving Medical

Research and Education’’ (GAINMED) centers and the

German Society of Pediatric Oncology Study Group for

Malignant Endocrine Tumors in Childhood and Adoles-

cence were contacted to include patients retroactively in

this registry. In addition, a website (available at: www.

nebennierenkarzinom.de accessed on November 12,

2008) was created to provide all information required for

patient enrollment. Starting in 2003, newly diagnosed

patients were registered, and all registered patients were

followed proactively.

Hospital reports, including copies of surgical and

pathologic, reports were used as a data source. Participat-

ing physicians and patients were asked to provide follow-

up information at the time of any relevant change in the

course of the disease at least every 6 months. All data were

entered into the database by trained medical personnel.

The German ACC Registry is approved by the Ethics

Committee at the University of Wurzburg, Germany, and

all patients provided written informed consent.

Evaluation of the 2004 International Union

Against Cancer Staging Classification for

Adrenocortical Carcinoma

The study was performed as prospective cohort study. To

be included in the analysis, patients had to fulfill the fol-

lowing criteria: primary diagnosis between 1986 and

2007, detailed information on primary diagnosis (includ-

ing information regarding tumor size, tumor infiltration

into the surrounding tissue, lymph nodes status, tumor

thrombus in the vena cava or renal vein, and distant me-

tastasis) and sufficient follow-up data. The database was

closed in March 2008 and contained 492 patients with

ACC. Twenty-nine patients were excluded because of a

primary diagnosis before 1986 (n ¼ 16 patients) or after

October 2007 (n ¼ 13 patients), because it was judged

that the quality of staging was not reliable before 1986,

and a minimum follow-up of 6 months was considered

necessary (unless the patient had died within 6 months).

Thirty-one patients were excluded because of a lack of suf-

ficient follow-up data. In 16 patients, detailed informa-

tion on the diagnostic procedures at the time of primary

diagnosis was missing. Therefore, in total, 416 patients

were included for the analysis comprising 2186 follow-up

datasets (median, 4 follow-up datasets per patient; range,

1-26 follow-up datasets per patient). Each patient was

assigned to 1 of the 4 UICC tumor stages (see Table 1),

and disease-specific survival was assessed by Kaplan-Meier

analysis.

Analysis of Stage III Risk Factors

Different criteria for stage III have been used in different

patient cohorts.10-12,14,15 However, the contribution of

these different criteria for survival remains uncertain.

Therefore, we analyzed the impact of the following poten-

tial risk factors on disease-specific survival: positive lymph

Table 1. Staging System for Adrenocortical Carcinoma
Proposed by the International Union Against
Cancer in 2004

Stage UICC/WHO 2004

I T1, N0, M0

II T2, N0, M0

III T1-T2, N1, M0

T3, N0, M0

IV T1-T4, N0-N1, M1

T3, N1, M0

T4, N0-N1, M0

UICC indicates International Union Against Cancer; WHO, World Health Or-

ganization; T1, tumor �5 cm; T2, tumor >5 cm; T3, tumor infiltration into

surrounding tissue; T4, tumor invasion into adjacent organs; N0, no positive

lymph nodes; N1, positive lymph node(s); M0, no distant metastases; M1,

presence of distant metastasis.
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nodes, infiltration in surrounding adipose tissue, invasion

into adjacent organs, and tumors with venous tumor

thrombus (VTT) in the renal vein or the vena cava. The

role of each of these factors was analyzed separately by

using patient groups that had only 1 of these factors.

Patients without any of these risk factors and without dis-

tant metastases served as comparator group (n ¼ 178

patients).

Evaluation of a New Staging Classification

for Adrenocortical Carcinoma

On the basis of the analysis of risk factors for stage III, a

new staging classification for ACC was developed and an-

alyzed in a fashion similar to that used for the evaluation

of the UICC staging classification.

Statistical Methods

Continuous parametric variables were reported as mean

values � standard deviation. Continuous nonparametric

variables were presented as the median values and range.

Disease-specific survival was defined as the time elapsed

from primary diagnosis to death because of ACC. Patients

who were alive or who had died of other causes were cen-

sored. The Kaplan-Meier method was used to estimate

survival functions with confidence intervals (CI), and dif-

ferences were assessed with the log-rank statistic. Univari-

ate survival analysis and hazard ratios (HR) were

calculated by using a Cox proportional-hazards regression

model. Descriptive P values were provided for the assess-

ment of differences between indicated groups of patients.

Data were analyzed using the Statistical Package for Social

Sciences version 15.0 (SPSS Inc., Chicago, Ill).

RESULTS

Evaluation of the 2004 International Union

Against Cancer Staging Classification for

Adrenocortical Carcinoma

In total, 416 patients with ACC who met all inclusion cri-

teria were included in the final analysis, as described in

detail above. Patient’s characteristics are listed in Table 2.

One hundred ninety-three patients (46.4%) died of ACC,

10 patients (2.4%) died of other causes, and 213 patients

were alive at the last follow-up. The average follow-up for

the entire cohort was 36 months (median, 22 months;

range, 0-247 months), the average follow-up for the

patients who remained alive was 48 months (median, 32

months; range, 6-247 months). The median disease-spe-

cific survival was 46 months (95%CI, 34-58 months).

Survival analysis revealed a stage-dependent disease-

specific survival (Fig. 1) with a 5-year disease-specific sur-

vival of 82% (95% CI, 69%-99%) for stage I, 58% (95%

CI, 49%-68%) for stage II, 55% (95% CI, 42%-68%) for

stage III, and 18% (95% CI, 10%-26%) for stage IV.

However, survival for patients with UICC stage II disease

did not differ significantly from survival for patients with

stage I disease (P¼ .13) and stage III disease (P¼ .16). It

is noteworthy that 3 of 4 patients with stage I disease who

died of ACC suffered tumor spillage during surgery. If

those 3 patients were excluded from the analysis, then the

disease-specific survival for patients with stage I disease

was significantly better than that for patients with stage II

disease (P¼ .012).

Analysis of Stage IV Patients

In the past, several authors suggested using distant metas-

tases as the only criterion for stage IV.12,14 Therefore, we

also analyzed patients with UICC stage IV disease

depending on the presence or absence of distant metasta-

ses. Figure 2 shows that patients without distant

Table 2. Characteristics of the Patients at the Time
of Primary Diagnosis (n ¼ 416)

Characteristic No. of Patients (%)

Mean � SD age, y 46.7 � 19.3

Sex
Men 155 (37.3)

Women 261 (62.7)

Median tumor size [range], cm 11.3 [2.3-40]

Infiltration in surrounding tissue 138

Invasion in adjacent organs 50

Positive lymph node(s) 62

Tumor (thrombus) in vena

cava or renal vein

58

Distant metastases 122

Lung 79

Liver 55

Bone 22

Others 18

SD indicates standard deviation.
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metastases (n ¼ 27 patients) had considerably better sur-

vival than patients with distant metastases (n ¼ 121

patients; HR. 0.44; 95% CI, 0.25-0.78; P ¼ .004). In

contrast, survival among patients who had UICC stage

IV disease without distant metastases did not differ sig-

nificantly from that of patients who had UICC stage III

disease (P¼ .19) (Fig. 2).

Analysis of Stage III Risk Factors

The clinical outcome of patients with either a positive

lymph node (HR, 2.5; 95% CI, 1.2-5.7;), or tumor infil-

trating surrounding tissue (HR, 1.9; 95% CI, 1.2-3.0), or

VTT in the large veins (HR, 2.7; 95% CI, 1.2-6.0) was

significantly worse than the outcome of patients without

any of these risk factors (Fig. 3a-c). However, in patients

who had tumors infiltrating surrounding tissue (n ¼ 56

patients), the criterion of invasion into adjacent organs

did not have additional discriminative value (HR, 0.90;

95%CI, 0.34-2.41) (Fig. 3d).

Proposal for a New Staging Classification

for Adrenocortical Carcinoma

On the basis of these results, the following staging system

was derived (Table 3): stage I, tumor size �5 cm without

any risk factor (T1N0M0); stage II, tumor size>5 cm but

still without risk factors (T2N0M0); stage III, tumor of

any size with at least 1 of the following factors: tumor

infiltration in surrounding tissue (T3), tumor invasion

into adjacent organs or VTT in the vena cava or renal vein

(T4), positive lymph node (N1), but no distant metastasis

(M0); stage IV, the presence of distant metastases irrespec-

tive of tumor size or lymph node status (T1-T4N0-

N1M1). By using our revised staging system (the Euro-

pean Network for the Study of Adrenal Tumors [ENSAT]

classification) the 5-year disease-specific survival rate in

this cohort was 82% (95% CI, 69%-99%) for stage I,

61% (95% CI, 51%-69%) for stage II, 50% (95% CI,

39%-61%) for stage III, and 13% (95% CI, 5%-21%) for

stage IV. These data indicate improved outcome predic-

tion compared with the 2004 UICC classification,

because disease-specific survival now differs considerably

between stage II and stage III (Fig. 4). When excluding

the 3 patients who had stage I disease with intraoperative

tumor spillage, again, the survival of patients with stage I

disease is significantly better than that of patients with

stage II disease (P¼ .027).

DISCUSSION

Tumor staging based on the TNM classification is a

dynamic process that aims at the optimum prediction of

cancer-specific survival. Accordingly, for many tumor

entities, the TNM system has been modified continuously

to improve its accuracy. Therefore, it is to be expected

that the first UICC staging system for ACC proposed in

2004 may need modification to achieve maximum

FIGURE 2. Disease-specific survival in patients with 2004

International Union Against Cancer (UICC) stage IV adreno-

cortical carcinoma (ACC) stratified according the presence

(M1) or absence (M0) of distant metastases and stage III

ACC. P values were calculated with log-rank statistic. N indi-

cates the number of patients per group; e, events (the num-

ber of patients who died of ACC).

FIGURE 1. Disease-specific survival stratified according to the

2004 International Union Against Cancer (UICC) staging clas-

sification for adrenocortical carcinoma (ACC). Disease-spe-

cific survival was defined as the time elapsed from primary

diagnosis to death from ACC. Patients who were alive or who

had died of other causes were censored. Four hundred six-

teen patients were analyzed (stage I: n ¼ 23 patients, 4

deaths, 19 censored; stage II: n ¼ 176 patients, 55 deaths 121

censored; stage III: n ¼ 67 patients; 31 deaths, 34 censored;

stage IV: n ¼ 150 patients, 103 deaths, 47 censored). HR indi-

cates estimated hazard ratio (95% confidence intervals are

indicated in parentheses); P, log-rank P value assessing

differences.
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prognostic relevance. The major finding of our evaluation

of the proposed UICC system is the observation that

patients with stage II disease do not differ considerably in

their disease-specific survival from patients with stage III

disease. Furthermore, patients who have stage IV disease

with documented distant metastases have a poorer survival

than patients who have UICC stage IV disease without

distant metastases. These observations indicate the need

for a major revision of the UICC tumor classification for

ACC, and the revised staging system proposed in the cur-

rent report has clearly improved prognostic potential. In

fact, distant metastasis as a defining factor for stage IV dis-

ease already has been proposed by Lee et al12 and also has

been used in other cohorts of patients with ACC.14,18 The

basis for this strategy is related to the surgical approach to

ACC. So long as the disease remains local and may be

removed completely by surgery (R0 resection), the prog-

nosis clearly is superior to a situation in which surgery no

longer can achieve a complete resection and distant metas-

tases obviously indicate systemic disease. With improving

surgical techniques, the difference between invasion of

surrounding tissue and invasion of adjacent organs has

become of minor importance (Fig. 3d). In a recent study

of patients with ACC who underwent radical resection,

tumor stage had little prognostic value,22 and those results

support the dominant role of successful primary surgery

for disease-specific survival. In the same line, the risk fac-

tors defining stage III disease that were identified and vali-

dated in our series are indicative of tumor spread either

through local infiltration, or regional lymph node

Table 3. New Staging System for Adrenocortical
Carcinoma (European Network for the Study of Adrenal
Tumors Classification 2008)

Stage ENSAT 2008

I T1, N0, M0

II T2, N0, M0

III T1-T2, N1, M0

T3-T4, N0-N1, M0

IV T1-T4, N0-N1, M1

ENSAT indicates European Network for the Study of Adrenal Tumors; T1,

tumor �5 cm; T2, tumor >5 cm; T3, tumor infiltration into surrounding tis-

sue; T4, tumor invasion into adjacent organs or venous tumor thrombus in

vena cava or renal vein; N0, no positive lymph nodes; N1, positive lymph

node(s); M0, no distant metastases; M1, presence of distant metastasis.

FIGURE 3. Analysis of the following potential risk factors defining stage III adrenocortical carcinoma (ACC): (a) positive lymph

node(s), (b) tumors with venous tumor thrombus in the renal vein or the vena cava, (c) infiltration in surrounding adipose tissue,

and (d) invasion in adjacent organs. The role of each of these factors was analyzed separately by using patient groups that har-

bored only 1 of these factors. Patients without any of these risk factors and without distant metastases served as comparator

group (n ¼ 178). N indicates the number of patients per group; e, events (the number of patients who died of ACC).
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involvement, or tumor thrombus in large veins. Irrespec-

tive of tumor size, these factors demonstrate a more

aggressive tumor biology and, thus, an inferior prognosis.

A tumor size cutoff of 5 cm to differentiate between

stage I and stage II disease seems to be arbitrary, and no

significant difference in disease-specific survival emerged

in our cohort. However, the number of patients with stage

I disease was rather small, and different cutoffs in tumor

size did not lead to improved separation of patients with

stage II disease compared with stage I disease (data not

shown).

It is important to note that patients with stage I dis-

ease who avoided tumor spillage during surgery had a sig-

nificantly improved disease-specific survival compared

with patients with stage II disease. In fact, tumor spillage

during surgery obviously represents tumor spread and

may justify classifying these patients with stage III or even

stage IV disease. This also holds true for patients who

undergo histologically incomplete resection (R1). Prelim-

inary results from our series indicate that the survival of

patients with incomplete resected stage II disease is similar

or worse than that of patients with completely resected

(R0) stage III disease (unpublished data). These observa-

tions strongly suggest that correct staging can be per-

formed only after surgery and that the success of surgery

should be taken into account. These aspects require fur-

ther analysis and validation and may lead to further modi-

fication of the UICC staging system in the future. The

same may hold true for a potential subclassification of

patients with stage IV disease, because patients with 1 or 2

metastatic lesions have a better prognosis than patients

with�3 lesions.9

Our study had limitations: Although our series is by

far the largest cohort of patients with ACC with full clini-

cal annotation, our sample size still is small compared

with similar studies in other tumor entities. Furthermore,

our proposed new staging classification needs to be vali-

dated in a second independent cohort to fully establish

the superiority of this approach.

In conclusion, our study demonstrates significant

limitations of the 2004 UICC staging system for ACC,

especially in the prognostic discrimination between stage

II and III. Therefore, we propose a revision of the TNM

system for this rare disease. The suggested ENSAT staging

classification provides improved prognostic accuracy for

disease-specific survival in ACC.
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