Chapter 2
The History of Adrenocortical Carcinoma
Treatment — A Surgical Perspective

Norman W. Thompson

The early history of adrenocortical carcinoma (ACC) is obscure because of the rarity
of the disease, confusing nomenclature, inability to diagnose before death, igno-
rance of its hormonal manifestations, and a vague appreciation of its clinical course.
Most reported cases in the 19th century were based on autopsy findings, and the
tumors were classified by a variety of terms including hypernephroma, sarcoma,
fibromyxosarcoma, and carcinoma. The commonly used term, hypernephroma, was
first proposed by Grawitz et al. in 1893 and falsely assumed that tumors arose in
rests of adrenocortical tissue within the kidney [1]. This concept was reinforced by
Felix Birch-Hirchfield who used it to define benign and malignant tumors of both
adrenals and kidneys, some with apparent hormonal disturbances [2]. The designa-
tion of hypernephroma for some adrenal tumors persisted in the literature until the
1940s; later it became restricted to what is now referred to as renal cell cancer [3-8].

In 1905, it was stated that no adrenal tumor had been diagnosed before opera-
tion or autopsy [9]. None had been suspected on the basis of a hormonal syndrome
although an association of virilization and an adrenal tumor found at autopsy was
first observed in 1811 [10]. It was not until 1890 that a decrease in virilization
was first documented following resection of an adrenal tumor. Cushing’s syndrome
was not recognized until 1910 but was not associated with an adrenal malignancy
until Walters et al. in 1934 described the same syndrome in patients with adrenal
tumors and emphasized that the characteristic findings were not exclusively related
to pituitary disease [11].

The first tumor operations on the adrenal glands were done to remove “large
abdominal swellings” [10]. Knowsly Thornton of London is credited with the first
known successful operation to remove an adrenal cancer in 1899 [12]. His patient
was a 36-year-old, very hirsute female who was found at operation to have a
20-pound left adrenal tumor. It required a left nephrectomy as well to remove this
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large tumor. She slowly recovered after developing a subphrenic abscess that sponta-
neously drained into a bronchus. After dramatic improvement, her hirsutism remised
until a recurrence 2 years later caused her death [13]. Thornton, interestingly, was
well prepared for this operation, having previously served as Joseph Lister’s house
surgeon (antiseptic technique) and Spencer Wells’ assistant. The latter was a pioneer
in the development of hemostats and hemostatic techniques. The first small series
was presented by Otto Ramsay later in 1899 who reported three patients operated
for large palpable malignant adrenal tumors [14]. In addition, he reviewed a total of
64 other published reports of patients with either carcinomas [15] or sarcomas [13]
of the adrenals. The diagnosis was difficult in all and impossible in many. The
tumors were found to spread rapidly and the prognosis was considered dismal.
Surgery was considered the only hope of temporary relief, but only five patients had
been operated and only two with success, Thornton’s and another by Howard Kelly
in Baltimore with a good result 1 year after excision of a large “fibromyxosarcoma.”

From 1905 to 1929, a number of patients were described with what was termed
the adrenogenital syndrome and others with adrenal tumors with virilism [5, 16].
Bulloch, in 1905, reported ten girls and two boys who all died within 2 years
from malignant adrenal tumors, most with metastases. Most were considered hyper-
nephromas associated with sexual abnormalities, usually in children [10]. In 1921,
Collett from Oslo described a 2-year-old with progressive virilization over 18
months who had a palpable tumor of the left adrenal [10]. This was excised after
which the hirsutism regressed for 2 years. This was probably the first successful
adrenal operation in a child. Other similar cases soon followed and surgical exci-
sion seemed to confirm that these tumors caused virilism, perhaps by producing an
internal secretion. Although patients with pure adrenal virilism had had tumors suc-
cessfully removed, several with Cushing’s or closely related syndromes had died
in “shock™ several hours after straightforward operations. At autopsy, their remain-
ing adrenals were found to be atrophic. After 1932, many patients with Cushing’s
disease (pituitary) were reported. Cushing’s syndrome and adrenal virilism were
not always clearly distinguished, and the term “suprarenal cortical syndrome” was
sometimes used to describe both. Kepler at the Mayo Clinic stressed the frequency
of the intermediate forms, especially with ACCs [17]. By 1933 there was clear evi-
dence that the pituitary secreted an adrenocortical factor which was later recognized
as ACTH. Whatever the underlying cause, the development of Cushing’s syndrome
required the presence of the adrenal cortex. Those surgeons including Waltman,
Waters, and James Priestly at the Mayo Clinic recognized three main problems:
(1) to determine the nature of the adrenal lesion; (2) to relieve the syndrome in
patients without adrenal tumors; (3) to prevent operative deaths from adrenal insuf-
ficiency. Since 1927, they had been developing an adrenocortical extract and using
it perioperatively with some success. In 1934, they reported ten female patients with
Cushing’s syndrome who had been operated upon, with five having adrenal tumors,
four of which were carcinomas. One tumor was palpable, one was seen on x-ray,
and three found at operation. Three developed acute adrenocortical failure, and one
of them who was treated in 1923 before cortical extract was available died. The
other two received cortical extracts and recovered. Three of the five with tumors
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underwent remission [11]. By 1938, the Mayo group had removed tumors suc-
cessfully from 16 consecutive patients, most of whom had Cushing’s syndrome.
Elsewhere, adrenal crises were all too frequent after surgical excision of tumors,
and by 1943 more than 80% of such patients were reported to have died [10, 17—
20]. The potent preparation of “cortin” at the Mayo Clinic, apparently, was the most
important factor allowing their success. The intensive search for the active cortical
substance(s) was ongoing from 1927 until its eventual discovery and preparation in
1949.

It was imperative for the management of Cushing’s syndrome to have such a
preparation whether treatment be pituitary or adrenal surgery. The dismal progno-
sis for patients with Cushing’s syndrome was emphasized by Charles Plotz’s paper
on the natural history of the disease in 222 patients in 1952 showing a high inci-
dence of cardiovascular disease, psychosis, and osteoporosis. Therapy had been
effective in only 5 of their own 33 patients (pituitary irradiation in three and exci-
sion of adrenal adenomas in two). The overall mortality was 50% after 5 years from
onset. Infections and cardiovascular disease were the most common causes of death.
Another 20% died from surgical operations [10].

Between 1930 and the discovery of cortisone in 1949, details of nearly 300
patients with ACC were published [15, 17, 19-22]. Metastases were still often
seen initially or soon after operation. The clinical features were in order of fre-
quency, virilism, Cushing’s syndrome, and combined Cushing’s and virilism. These
accounted for 75% and only 25% were apparently without a syndrome. Rarely,
feminization was reported. This was first described in 1915, but only 30 additional
cases were seen in the next 30 years and all were associated with an adrenal malig-
nancy producing estrogens in excess. In 1930, Anderson described an ACC with
fatal hypoglycemia but no other metabolic disturbance [23]. Ten similar cases of
Anderson’s syndrome were reported in the next 30 years, a few of whom went into
remission after tumor removal. Three quarters of the 300 patients reported under-
went operation and one-third died postoperatively. The mortality was greatest in
those with Cushing’s and least in those with nonsecreting tumors. In the surviv-
ing group, some had good long-term results, but only when the tumor had been
completely excised.

A milestone in the treatment of ACC was the general availability of cortisone
after 1950. By 1948, only a few grams were available at the Mayo Clinic. The
first patient with Cushing’s disease in whom this was used perioperatively was
on December 3, 1949. Within a year, 18 patients underwent successful subto-
tal adrenalectomies there using cortisol pre- and postoperatively [10,15]. Kendall,
Hench, and Reichstein received the Nobel Prize in 1950 for the development of cor-
tisone and its use in adrenal surgery as well as in rheumatology. Soon, synthetic
analogues of cortisone including prednisone, prednisolone, and dexamethasone
became widely available. By 1957, an intravenous preparation of cortisol, hydro-
cortisone, was used intraoperatively and in urgent situations of adrenal insufficiency.
By 1955, Tait and Simpson in London and Reichstein in Basel had isolated and pre-
pared electrocortin, later renamed aldosterone for clinical use as fludrocortisone in
1956 [24]. Thus, surgeons in the 1950s for the first time could operate on patients
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with ACC and Cushing’s syndrome without the danger of acute adrenal insufficiency
causing an immediate crisis or early postoperative death. Remission of symptoms
and findings followed rapidly in patients with ACCs where excisions were possible.
They were usually complete within 1 year. Parallel developments occurred with the
introduction of drugs which inhibited adrenocortical tumors from secreting steroids.
These included amphenone, metyrapone, and aminoglutethimide in the mid-1960s.
These were of some benefit in alleviating symptomatic persistence or recurrences
after operations [25].

Many more cases of ACC were reported after 1950. The principal endocrine
features in nearly 90% of patients were Cushing’s, virilization, a combination of
both, feminization and rarely aldosteronism (first case in 1955) [10, 19, 21, 22,
24, 26-31]. Although more women were diagnosed in life, the overall incidence in
males was higher. Despite improved diagnostic tests such as urinary steroids, dex-
amethone suppression test (1960s), and an RIA for ACTH in the mid-1960s, the
lag period between the onset of symptoms and the diagnosis was about 8 months.
Local invasion and distant metastases at the time of exploration were still frequent.
Although there were no good statistics on survival in the 1950s, the general con-
sensus was that most patients died from the disease unless fortunate enough to have
been operated before either local invasion was extensive or metastatic disease had
occurred. One of the reasons for lack of good data was the rarity of the disease as
emphasized by Steiner’s 1954 report from the Los Angeles County Hospital [21].
In his study of all autopsies there from 1918 to 1947, only 15 cases of ACC were
found, accounting for only 0.2% of all tumors. In 1952, Rappaport in a collective
review found a total of 238 hormonal and 34 nonhormonal cases of ACC during
the 20-year period from 1930 to 1949 [19]. Wood, in 1957, could find only 27
cases of nonhormonal ACC in the European and American literature from 1923 to
1956 [10]. MacFarlane in 1958 reviewed 55 patients from London teaching hospi-
tals which included 35 with hormonal and 25 with nonhormonal findings [21]. Their
average age was 32 years and ranged from infants to 68 years. For those with hor-
monal symptoms, 80% were less than 40 years of age and 65% with nonhormonal
findings were greater than 50 years. The average duration of symptoms before treat-
ment was 13.2 months, 17 months for those with hormonal symptoms but only 10.8
months for those without hormonal symptoms. One-third of all patients had local
invasion and all but two of these patients had distant metastases. Overall, 34 of the
55 patients (61.8%) had metastatic disease at diagnosis. The liver was involved in
67%, the lungs in 47%, and local nodes in 44%. For those who were untreated, sur-
vival was only 2.9 months for those with nonhormonal findings and 3.8 months for
those with hormonal symptoms. MacFarlane was the first to propose an operative
staging system based on tumor size, local invasion, nodal and distant metastases.
Stage I tumors were 5 cm or smaller without local invasion or metastases, a rare
finding as the average tumor size was 12 cm. An operation was performed in 42
of the 55 patients and considered radical and potentially curative in 20 (36.4%).
A palliative excision was performed in 12 (22%) patients. The operative mortality
was still high at 26% overall but fell from 35% before 1952 to 16.7% after 1952.
This was attributed primarily to the availability of cortisone. The 2-year survival
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was 24% and occurred only in those undergoing radical extirpation and adequate
hormone replacement therapy. MacFarlane considered dissection of lymph nodes of
limited value and nephrectomy unnecessary unless the kidney was directly involved.
London surgeons favored a thoracoabdominal extrapleural approach, resecting the
11th rib to allow maximum exposure.

The next major event in the management of ACC was the introduction of o,p’-
DDD (mitotane), an analogue of the insecticide DDT which had previously been
found in animal studies to cause adrenocortical atrophy. It was first used clinically in
1960 to treat inoperable or recurrent ACCs. In 1960, Bergenstad reported o,p’-DDD
sufficiently effective that the National Cancer Institute sponsored its production
and distribution for clinical investigation [3]. Previously, the NCI had reported 38
patients with ACC treated there [30]. In only 18 was it possible to attempt a curative
operation, whereas in the others, either a palliative procedure or biopsy was done.
They noted a 50% mortality 2 years after first symptoms, and only seven were alive
more than 5 years after the onset of symptoms, with only two disease-free. In those
in whom a curative operation could not be attempted, the mortality was 70% after 2
years. The causes of death included large pulmonary and abdominal masses causing
pneumonia, caval thrombosis, sepsis, and pulmonary embolus. The first major report
of the NCI evaluation of o,p’-DDD was by Hutter et al. in 1966 [33, 34]. By then,
they had collected 138 previously unpublished cases in which o,p’-DDD was used
and compared those with the 48 previously treated and reported cases elsewhere.
The average age of their patients was 37.6 years and 92 were female and 43 were
males. Cushing’s syndrome was found in 59% and virilization in 19%. Local spread
was found in 65%, whereas 53% developed pulmonary and 44% liver metastases.
Survival was better in females with 52 versus 38 alive 4 years after diagnosis. The
median survival after diagnosis for all females was 56 months and only 19 months
for males. Mitotane was considered effective in some cases but was of limited value
in prolonging survival. The next major report on the use of mitotane in inopera-
ble ACC cases was by Lubitz et al. in 1973 [35]. They reported on 115 patients
with inoperable ACC seen between 1965 and 1969. A disease response was seen
in 61% of patients treated, lasting an average of 10.3 months. Although 84% had
an adverse response to the drug involving the gastrointestinal, central nervous, and
dermatological systems, these were all reversible with discontinuance or decrease
in drug dosage. They found that 45% showed a favorable clinical response and that
elevated steroid levels fell in 85%. Even though there were no cures, the mean dura-
tion of life for the entire group was only 8.4 months with treatment. Van Slooten,
in 1983, was one of the first to observe that serum level monitoring of mitotane
was important [36]. He found that if the serum level was maintained at 14 pg/ml
or higher, the survival time at 26.5 months was 50% compared to only 14.5 months
if the level was less than 14 pg/ml. Their recommendation was that all patients
receiving mitotane should have serum level monitoring and the drug dose adjusted
accordingly.

Since then, several large series of ACC patients have been reported and although
there had been hope that with the widespread use of a variety of imaging techniques
the diagnosis of ACC would be made at an earlier stage, that has not occurred
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[26-28, 37, 38]. Luton et al. in reporting 105 patients from France, again found
more females than males in a clinical series (75/30) with a mean age of 46 years
[38]. Their duration of symptoms was 8.7 months at diagnosis and nearly 70% had
endocrine symptoms. When steroid studies were done, 79% were functional. At the
time of diagnosis, 30% had distant metastases. Operations were performed in 80%
and 59% received mitotane. The median disease-free interval after operation was
12.1 months during which tumor dissemination occurred in 82%. The median sur-
vival time was 14.5 months and the 5-year survival was only 22%. They, like others,
concluded that mitotane should be used as it did lower hormone levels and was
transiently beneficial, particularly when endocrine symptoms were present. Again,
survival benefits were not proven.

Since the first patients with ACC were recognized and treated, a radical surgi-
cal extirpation remains the only real chance for cure in those patients who do not
already have hematogenous spread. In such cases, a number of important surgical
principles must be considered in order to increase the possibility of a successful out-
come (Table 2.1). Earlier diagnosis, allowing for that option, has not been seen in
any large series. Operative mortality has improved because of the recognition and
treatment of adrenal insufficiency in those patients with Cushing’s syndrome and
contralateral adrenal atrophy. Steroid replacement with hydrocortisone and fludro-
cortisone in patients treated with mitotane has also decreased morbidity. The overall
operative mortality has dropped from the pre-1950s level of 30-40% to less than 5%
in most reports. Chemotherapy and radiotherapy are traditionally of a very limited
value in terms of a curative approach. Mitotane is the only adjunctive therapy cur-
rently available, although generally considered to be of only transient benefit. It
should be noted, however, that several dozen long-term remissions in patients with
distant metastases have been reported [2, 27, 39]. Obviously, the continued failure
to detect ACC at an early stage remains a major deterrent to successful therapy.
The hope for the future is that new drugs specifically targeted to individual tumors,
based on gene profiling, can be developed. Until that day, ACC will remain a most
challenging disease for physicians and surgeons to manage.

Table 2.1 Basic principles learned in surgical management of ACC (Figs. 2.1-2.3 are case
sketches provided courtesy of the author N. W. Thompson)

1. Adequate steroid preparation and maintenance in patients with Cushing’s syndrome or
while on long-term mitotane therapy.

2. In case of a high suspicion of an ACC, needle biopsy is contraindicated pre-operatively;
spillage of tumor cells will prevent cure (Fig. 2.1a, b).

3. Incisions allowing wide local exposure of the tumor and intra-abdominal metastases,
making every effort to avoid rupturing the tumor capsule when it is localized and potentially
curable.

4. Avoidance of laparoscopic techniques.

5. Preparation for possible aortopulmonary bypass in cases where tumor extends into the vena
cava. This assumes appropriate pre-operative imaging in all patients (Fig. 2.2a, b).

6. Nephrectomy is not beneficial unless kidney or renal vein is invaded (Fig. 2.3).

7. A reoperative procedure is indicated where local recurrence can be excised without
excessive risks (see Fig. 2.1).

8. Use of mitotane postoperatively in all patients without anaplastic histopathology providing
serum monitoring can maintain serum levels above 14 pLg/ml and below 20 pg/ml.




2 The History of Adrenocortical Carcinoma Treatment — A Surgical Perspective 15

2 AJmemf\t‘:a.( Carcinom

ket Mremotsthinl Careumons

b Advewo anteal Guvcinoma ... Recowencre

w fver  ?Necdle Teaet Jnrlufn‘n.m
Vs Hematogeuass Spread

R+ fiver b‘«{”’ﬁ

o Oﬁt\' C\J(J-u‘\‘
?/olc;cme

Fig. 2.1 (a) A 32-year-old female with large right adrenal ACC mistakenly diagnosed as a hepatic
cell adenoma with hemorrhage because of 14-year history of birth control pills, 5-day history of
severe right upper quadrant pain, and a percutaneous, transhepatic FNA diagnosis. She was referred
for a right hepatic lobectomy. (b) Same patient 2 years later with recurrent ACC limited to right
lobe of liver along the FNA tract. Following right lobectomy, there was no evidence of recurrence
2 years later
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Fig. 2.2 (a) A 35-year-old female with nonfunctional ACC and limited extension into the vena
cava. Right adrenalectomy and nephrectomy (tumor adherence to kidney) and gortex patch of caval
excision site. (b) A 40-year-old male 1 year post right adrenalectomy for 11 cm ACC with caval
extension. Developed Budd Chiari syndrome and treated with cisplatinum and VP-16. Referred
2 years later for possible operative treatment. No other metastatic disease. With cardiopulmonary
bypass and cold arrest, tumor thrombus into right atrium excised and endovenectomy of all tumors
in vena cava and both left and middle hepatic veins excised. A pericardial patch was used for the
vena cava and distal hepatic veins. The patient had an uneventful course with complete relief of
the Budd Chiari syndrome
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Fig. 2.3 A 47-year-old female with large left adrenal ACC with tumor thrombus into left renal
vein. Adrenalectomy, nephrectomy, and excision of two liver metastases resulted in palliation of
Cushing’s syndrome for 16 months
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