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SUMMARY
Background: Adrenocortical carcinoma (ACC) is a rare 
tumor with a poor prognosis. Often, the physicians who 
first treat patients with ACC have no prior experience with 
the disease. The aim of our study was to evaluate the 
quality of medical care for patients with ACC in Germany. 

Methods: Data from the German ACC registry were ana-
lyzed with regard to the patients’ preoperative diagnostic 
evaluation, histopathological reporting, and clinical follow-
up. The findings were compared with the recommen-
dations of the European Network for the Study of Adrenal 
Tumors (ENSAT).

Results: Data were analyzed from 387 patients who had 
been given an initial diagnosis of ACC in the years 1998 to 
2009. 21% of them underwent no hormonal evaluation be-
fore surgery, and 59% underwent an inadequate hormonal 
evaluation. This exposed the patients to unnecessary peri-
operative risks and impaired their follow-up. 48% did not 
undergo CT scanning of the chest, even though the lungs 
are the most frequent site of metastases of ACC. For 13% 
of the patients, the diagnosis of ACC was later revised by a 
reference pathologist. For 11% of the patients, the histo-
pathology report contained no information about resection 
status, even though this is an important determinant of 
further treatment and prognosis. Optimal management 
requires re-staging at three-month intervals, yet some 
 patients underwent re-staging only after a longer delay, or 
not at all.

Conclusion: We have identified significant deficits in the 
care of patients with ACC in Germany. We suspect that the 
situation is similar for other rare diseases. The prerequi-
site to better care is close and early cooperation of the 
treating physicians with specialized centers.
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A s with other rare diseases, patients suffering from 
adrenocortical carcinoma (ACC) are often con-

fronted with the problem that the physician initially 
providing treatment has no prior experience with the 
disease and is therefore uncertain of the diagnostic and 
therapeutic measures required. Complicating matters 
further, patients with ACC suffer not only from the 
 malignant mass itself but often also from the conse-
quences of an excess of hormones, which is not always 
recognized in the early stages.

ACC (C74.0) can develop at any age, and more than 
half the patients are less than 45 years of age (1). The 
incidence is approximately one disease per million 
population (2, e1). Women are more frequently af-
flicted than men with a female : male ratio of 1.5 : 1 (1, 
3, e2). In approximately 60% of cases the clinical 
 repercussions of autonomous hormone production lead 
to a diagnosis—generally Cushing’s syndrome or 
rapidly worsening androgenization in women (4, 5). 
ACC may also be endocrinologically inactive, how-
ever, and may only be noticed due to local abdominal 
symptoms caused by the mass or they may be inciden-
tally discovered during an imaging procedure. The 
prognosis is essentially dependent on complete resec-
tion of the tumor and thus on the initial tumor stage. If 
radical surgery is not possible, the median survival is 
only 12 months (6). The adrenotoxic substance mito -
tane and various chemotherapy protocols may only 
control tumor growth in the advanced stages for short 
periods (7, 8).

Due to the rarity of the disease, information about 
ACC is based predominantly on retrospective analyses 
with low case numbers or on personal experiences from 
individual centers. Because adrenal masses are very 
common, however (prevalence approximately 2% to 
4%) (9), recommendations for preoperative diagnostics 
have been in place for a number of years (10, 11, e3) 
and have been confirmed by a National Institutes of 
Health (NIH) Consensus Conference (12, e4).

In the last ten years, the efforts of a number of work-
ing groups and a close international network has 
 significantly improved the available data. In 2003, the 
German Adrenocortical Carcinoma Registry (Neben-
nierenkarzinomregister, NKR) was established, and 
German, French, Italian, and British centers have 
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merged to form the European Network for the Study of 
Adrenal Tumors (www.ensat.org) (e5). The aim of the 
present article was to evaluate the medical care of 
 patients with ACC using data from the German ACC 
Registry (NKR).

Methods
Data acquisition and patient collective
After approval by the Ethics Committee of the Univer-
sity Hospital of Würzburg, the acquisition of data for 
the German ACC Registry (NKR) began in 2003. Ini -
tially, retrospective data were collected. With growing 
awareness of the registry (due also in part to the home-
page www.nebennierenkarzinom.de), greater numbers 
of cases of newly diagnosed ACC were reported by 
treating physicians, but also increasingly by patients 
themselves. The telephone number of the NKR has 
evolved into a sort of hotline for patients, relatives, and 
physicians seeking advice.

Currently, an estimated two-thirds of German ACC 
patients are registered in the NKR registry. However, in 
some cases contact is only made after recurrence of the 
carcinoma. To date, 42 patients initially diagnosed in 
2008 and 35 patients initially diagnosed in 2009 have 
been registered, whereas on average more than 60 cases 

per year have been registered from the years 
2005–2007. 

Based on physician’s letters, surgery reports, and 
 pathology and laboratory results, information about 
symptoms, diagnostic procedures, and treatment was 
entered into structured data collection forms by trained 
medical personnel. These data were then entered into a 
special pseudonymized database. About every three 
months follow-up surveys were conducted, based on 
evaluation of the submitted physician’s letters or on 
telephone queries with the treating physicians. All 
 patients gave their written consent to data acquisition 
and evaluation after appropriate explanations.

At the time the database for this study was closed 
(December 2009), 591 patients had been included in 
the NKR registry. Patients for whom no follow-up had 
been collected (n = 25), patients with a diagnosis prior 
to 1998 (n = 129), and children less than 16 years of 
age (n = 34) were excluded from the study. Patients 
who were initially diagnosed abroad were also not 
 included in the analysis (n = 16). The initial diagnoses 
for the 387 study patients were done in more than a 
hundred different clinics or practices.

Histopathological diagnosis and tumor stage
For most of the 387 patients, results from the local 
pathologist regarding the primary tumor were available 
(n = 348). Confirmation of the diagnosis by the refer-
ence pathologist Professor Saeger (Marienhospital 
Hamburg) was sought for as many patients as possible 
and was achieved for 213 study patients (55%).

Tumor stage—Tumor stages were determined using 
ENSAT classification (13):
● Stage I: tumor ≤ 5 cm
● Stage II: tumor > 5 cm
● Stage III: tumor of any size with infiltration of 

surrounding tissue, regional lymph node involve-
ment, or venous tumor thrombosis in the inferior 
vena cava or renal vein

● Stage IV: distant metastases.
Resection status—The resection status was divided 

into:
● R0: microscopic tumor-free margin
● R1: microscopically verifiable residual tumor
● R2: macroscopically verifiable residual tumor, 

 including the presence of metastases
● Rx: no statement about resection status.

Assessment of the clinical care
The assessment of the quality of the particular 
measures was based on treatment guidelines outlined at 
an international consensus conference in Ann Arbor 
(USA) in 2003 and the recommendations from ENSAT 
on the care of patients with ACC (7, 14, 15, e6) (www.
ensat.org/acc.htm)—which do not fundamentally differ 
from earlier recommendations (10, 11) (Table 1).

Preoperative hormonal work-up—The recom-
mended tests for endocrine assessment of adrenocorti-
cal carcinomas are listed in Table 1. In the current study 
clarification of the hormonal situation in the patients 

TABLE 1

Current recommendations for preoperative diagnostics with suspected 
 adrenocortical carcinoma (ACC)*

* Recommendations from ENS@T (European Network for the Study of Adrenal Tumors), 
(www.ensat.org/acc.htm); DHEAS, dehydroepiandrosterone sulfate

Preoperative hormonal work-up with suspected ACC

Glucocorticoids 
(minimum 3 of 4 tests)

Mineralocorticoids

Sexual steroids and steroid precursors

Exclusion of a pheochromocytoma

Preoperative imaging with suspected ACC

– Abdominal CT (ideally native and with 10 min contrast agent washout) or abdominal 
MRI with "chemical shift"

– Thoracic CT 
– With clinically suspected bone metastases: bone scintigraphy 
– FDG-PET if required

– Dexamethasone suppression test (1 mg 
dexamethasone p.o. at 11 p.m., next 
day serum cortisol)

– 24-h urine cortisol excretion 
– Basal cortisol (serum) 
– Basal ACTH (plasma)

– Serum potassium
– Aldosterone-renin ratio (only with 

 hypertension and/or hypokalemia)

– DHEAS (serum)
– 17-OH-progesterone (serum) 
– Androstenedione (serum) 
– Testosterone (serum) 
– Estradiol (in men and postmenopausal 

women)

– 24-h urine catecholamine or 
 metanephrine excretion or

– Meta- and normetanephrines in plasma
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studied was defined as complete when the following 
tests had been carried out:
● At least one of the tests indicated in Table 1 to 

 exclude hypercortisolism
● Testing of sexual hormones/steroid precursors
● A test to exclude pheochromocytoma
The hormonal work-up was otherwise classified as 

incomplete.
Imaging: Computed tomography (CT), or alter-

natively magnetic resonance imaging (MRI), of the 
 abdomen is recommended as well as CT of the thorax, 
because it has been known for many years that the 
lungs are the most common site for metastasis (16). 
Bone scintigraphy should be carried out if there is clini-
cal suspicion of bone metastases. Although initial data 
verify the value of positron emission tomography using 
F-18 fluorodeoxyglucose (FDG-PET) to discriminate 
adrenocortical carcinoma (17), this diagnostic tool is 
still not valid as a standard; it may be useful in individ-
ual cases, however.

Follow-up care: Because of the high risk of recur-
rence, systematic and long-term follow-up is recom-
mended. In the first two years after the initial surgery, 
this includes three-monthly follow-up examinations 
using CT or MRI of the abdomen and CT of the thorax 
as well as detection of endocrine tumor markers with 
hormonally active tumors.

Results
Features of the study collective
The characteristics of the 387 study patients are listed 
in Table 2. The study included 242 women and 145 men 
aged between 16 and 86 years (median 52 years). Cush-
ing’s syndrome, local symptoms due to the mass (for 
example, feeling of pressure in the abdomen or back or 
flank pain) or virilization most commonly lead to a 
 diagnosis of adrenocortical carcinoma. Feminization 
(gynecomastia, testicular atrophy) due to estrogen-
 producing tumors was rather rare. The high proportion 
of tumors that were incidentally discovered during 
 imaging for other reasons (“incidentaloma”, 16%) was 
remarkable.

At the initial diagnosis most patients had stage II 
(39%) disease, followed by an already metastasized 
disease (stage IV) in 30% of cases. In 89% of patients 
the primary tumor had been operated on.

Preoperative hormonal work-up
Precise information about the type and extent of the 
hormonal work-ups carried out were available for 352 
of the 387 study patients. Despite the generous defini-
tion used compared to the ENSAT recommendations, 
the hormonal work-up could be assessed as complete in 
only 20% of patients (Figure 1). In most patients (59%) 
testing was incomplete, meaning that in women, for 
example, only androgens were determined but no test-
ing for Cushing’s syndrome was carried out. In 31 
 patients only pheochromocytoma was excluded preop-
eratively. In every fifth patient no hormonal work-up 
was carried out prior to surgery (n = 73, 21%).

TABLE 2

Characteristics of the study collective

*1 (13); *2 imaging done for other reasons with previously unsuspected adrenocortical carcinoma

Total
– Women
– Men

Age
– Median 
– Minimum to maximum age

Stage (ENSAT classification*1)
– Stage I 
– Stage II 
– Stage III 
– Stage IV 
– Not definitively classifiable/unknown

Symptoms that led to diagnosis
(multiple entries in part) 
– Cushing's syndrome 
– Abdominal symptoms, back pain 
– Androgenization/virilization 
– Feminization 
– Isolated arterial hypertension 
– Generalized symptoms 
– "Incidentaloma"*2 
– Palpable mass 
– Other (e.g., dyspnoea) 
– Unknown

387
242
145

 52
 16–86

 19 (5%) 
150 (39%) 
 96 (25%) 
119 (30%) 
  3 (1%)

115 (29%)
 91 (24%)
 59 (24% of the women) 
  8 (6% of the men)
 39 (10%) 
 26 (7%) 
 61 (16%) 
  3 (<1%) 
 14 (4%) 
 26 (7%)

FIGURE 1

Preoperative hormonal work-up in patients with adrenocortical 
carcinoma in Germany (1998–2009, n = 352, 16–86 years)

Definitions:
Complete preoperative hormonal work-up: 
at least 1 test to diagnose hypercortisolism 
+ at least 1 sexual hormone/steroid precursor test 
+ exclusion of pheochromocytoma;

Incomplete preoperative hormonal work-up: 
all other combinations;

Missing preoperative hormonal work-up: 
no endocrine testing
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Imaging
Information about imaging at the initial diagnosis was 
available for 370 study patients. Figure 2 shows the fre-
quency of the imaging procedures used. A crucial result 
is that in almost half the patients (48%) no thoracic 
cross-sectional imaging was carried out. Of the 194 
 patients for whom thoracic CT was carried out, lung 
metastases were detected in a good third of cases 
(n = 65, 34%) at the time of the initial diagnosis.

Documentation of the resection status
The documentation of the resection results (R status) was 
assessed using surgery reports and histological  results. 
Only patients with stage I–III disease and with no intra -
operative damage to the tumor capsule were included in 
the analysis (n = 192). Sufficient documents were avail-
able for 180 of the 192 patients. In 80% of the cases R0 
resection was carried out, although this could only be in-
directly inferred from the pathology  report in many 
cases. In 7% of the patients microscopically verifiable 
tumor residue remained (R1 resection) and in 2% 
macroscopically verifiable tumor residue  remained 
(R2 resection). In 11% the information in the pathology 
report was insufficient to enable statements to be 
made about the success of resection (Rx). In a  survival 
analysis using Cox regression it was shown that patients 
with Rx resection—exactly as for R1  resection—have 
a significantly worse (tumor stage- adjusted) overall 
survival than patients with R0  resection (Figure 3).

Misdiagnoses
A surprisingly high number of misdiagnoses became 
apparent during the evaluation of the pathology results. 
Between 2006 and 2009 a second assessment of the 
tumor material was requested by the reference pathol-
ogist in 161 of the patients registered in the NKR regis-
try. In 21 patients (13%) the diagnosis of ACC had to be 
revised as a result. In a number of cases adrenal cortex 
metastases of other malignancies, malignant pheochro-
mocytoma, kidney cell carcinoma, or sarcoma were 
 involved.

Follow-up care
There was information available about the first restag-
ing for 350 of the 387 study patients: of these patients, 
initial imaging check-ups were carried out within three 
months for less than 40% (Figure 4). For about one 
third the first follow-up examination took place 7 
months after surgery or even later and for 16.5% only 
after more than one year.

Discussion
The present evaluation of data from the German Adre-
nocortical Carcinoma Registry reveals a wide range of 
deficits in the medical care of patients with ACC in 
Germany. For most patients the preoperative hormonal 
work-up, staging, pathology diagnostics or follow-up 
care were inadequate, despite recommendations for 
preoperative diagnostics having been available for a 
number of years (7, 10–12, e3).

FIGURE 2

Frequency of imaging procedures used at the time of the initial 
 diagnosis in patients with adrenocortical carcinoma in Germany 
(1998–2009, n = 370, 16–86 years)

FIGURE 3

Tumor stage–adjusted survival (Cox regression analysis) by 
resection status in patients with adrenocortical carcinoma in 
Germany (1998–2009, n = 180);

patients in stage IV and patients with damage to the tumor capsule 
were excluded.

Patients with R2 resection were not analyzed because of the low 
case numbers (n = 6).

R0 = microscopically complete resection (n = 149)

R1 = microscopically verifiable tumor residue (n = 16); hazard ratio 
for death compared to R0 group 3.3; (95% confidence interval: 
1.8–6.0; p<0,01)

Rx = no statement about resection status made (n = 19); hazard 
ratio for death compared to R0 group 2.3; (95% confidence interval: 
1.07–5.2; p = 0,03)
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The results of the assessment of the preoperative 
hormonal work-up are alarming. For a large proportion 
of the patients clarification of the hormonal situation 
was incomplete; in a fifth of patients no preoperative 
hormonal work-up was carried out at all, although care-
ful endocrine diagnostic evaluation prior to surgery of 
adrenal tumors has been obligatory for many years 
(10–12, e7). This exposed the patients to unnecessary 
perioperative risks. With Cushing’s syndrome patients 
experience adrenal insufficiency peri- and postoper-
atively and appropriate glucocorticoid replacement is 
vital (18). It must be noted that appreciable hypercorti-
solism may be present even if no clinical indication of 
Cushing’s syndrome can be identified (subclinical 
Cushing’s syndrome). Furthermore, pheochromocyto-
ma must always be excluded preoperatively because 
surgical resection of pheochromocytoma without pre-
medication may lead to life-threatening complications 
(19). Cross-sectional imaging alone often does not dif-
ferentiate between pheochromocytoma and ACC. In 
addition, hormonal work-up provides information 
about the type of the tumor. High serum concentrations 
of androgens, secretion of steroid precursors, or 
 estrogen production in men indicate a carcinoma, for 
example. The preoperative hormonal work-up also 
serves to establish the presence of tumor markers.

Incomplete imaging at the time of initial diagnosis 
may also have serious consequences for patients. Clas-
sification into the wrong tumor stage often leads to 
 inadequate therapeutic decisions. Although it has been 
known for a long time that the lungs are the organ most 
commonly affected by metastases (1, 16), in almost 
half the patients no thoracic CT was carried out. More 
than one third of those patients that underwent a tho-
racic CT already presented with lung metastases at the 
time of the initial diagnosis, meaning it can be assumed 
that lung metastases remain undetected in a large 
number of the remaining patients and disseminated 
 disease (stage IV) was thus not captured.

To assess the prognosis and determine the future 
course of treatment, both correct stage classification 
and a precise description of the resection outcome (R 
status) are of considerable importance. Patients with R1 
or Rx resection status have—even after adjustment for 
tumor stage—a significantly poorer prognosis than 
 patients with R0 resection status. Consequently, adju-
vant radiotherapy of the tumor bed is recommended in 
addition to mitotane therapy for the first two groups 
(20, e8). It can be assumed that the Rx group contains 
patients with R0 and with R1 resection status, meaning 
that individualized therapy decisions are made more 
difficult.

The high rate of misdiagnoses underlines the need to 
create a reference histology, particularly for endocrine-
inactive tumors of the adrenal glands, because histol -
ogical differentiation of ACC from other malignancies, 
and in some cases also from benign lesions of the 
 adrenal glands, is difficult.

In the case of a recurrence repeat surgery plays an 
important role, because there are indications that this 

improves the overall survival of patients (7, 21, 22, e9). 
For this reason regular follow-up examinations are 
necessary so that the point for recurrence surgery is not 
missed. In approximately one-third of patients the first 
restaging did not take place within the first six months, 
and for 17% it took place after more than one year. 
With this approach, some patients lose the chance for 
optimal treatment of a recurrence.

Assuming curative surgery, follow-up examinations 
were often omitted in the past for patients with ACC. 
The risk of recurrence is, however, high. Recurrence 
rates of up to 80% after radical resection have been 
 reported (23, e10). As well as early detection of 
 recurrences, adjuvant treatment is also increasingly sig-
nificant in the postoperative phase. Recently, an Italian-
German study showed that adjuvant therapy with 
 mitotane significantly reduced the risk of recurrence 
and was able to significantly prolong survival (median 
recurrence-free survival with mitotane 42 months com-
pared to 10 and 25 months in the Italian and German 
control groups respectively, p <0.001 and p = 0.005 re-
spectively) (24). Treatment with mitotane, a derivative 
of the insecticide DDT, requires considerable experi-
ence and careful monitoring of patients (25, e11), 
meaning that collaboration with a specialist center is 
essential. The hormone situation should also be evalu-
ated during follow-up so that possible underfunction or 
renewed hormone excess can be treated promptly.

Limitations of the study
The present study is limited by the in part retrospective 
nature of data acquisition. In addition, the formal 
 evidence level of the underlying recommendations are 

FIGURE 4

Time to first postoperative follow-up (imaging) in patients with 
 adrenocortical carcinoma in Germany (1998–2009, n = 350,  
17–86 years)
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to be classified as low (“expert opinion”). Furthermore, 
missing or incomplete documentation does not always 
necessarily equate to diagnostic procedures having 
been omitted—we did attempt to take this into 
 consideration. On the other hand it can be assumed that 
those cases reported in the registry involve patients 
who are receiving better care than unreported cases, 
meaning that the actual extent of the deficits in patient 
care are possibly even greater than described.

Summary
During the evaluation of data from the German ACC 
Registry (NKR), significant deficits were identified in 
the medical care of patients with ACC in Germany. 
 Optimal diagnostic evaluation and therapy for rare 
 diseases are—particularly given the limited time avail-
able—a challenge. The deficits described here are thus 
not unexpected and probably paradigmatic for rare 
 diseases. Early cooperation with a specialized center is 
a critical tool. Fortunately, the option to treat ACC 
 patients within clinical trials is becoming increasingly 
possible. The first randomized study of ACC (www.
firm-act.org), which is still ongoing, will provide a 
foundation for evidence-based therapy of the advanced 
disease for the first time. More information about 
 current trials is available on the NKR homepage (www.
nebennierenkarzinom.de). Developments over recent 
years give cause for hope that the care of these patients 
will improve in future.
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KEY MESSAGES

● In Germany there are considerable deficits in terms of 
hormonal work-up, imaging, histological diagnosis, and 
follow-up for patients with adrenocortical carcinoma 
(ACC).

● Incomplete or missing hormonal work-up prior to sur-
gery on an adrenocortical carcinoma exposes patients 
to unnecessary risks such as the danger of peri- or 
postoperative adrenal insufficiency.
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