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Abstract. Adrenalectomy is a radical therapeutic ap-
proach to control hypercortisolism in some patients with
Cushing’s disease. However it may be complicated by the
Nelson’s syndrome, defined by the association of a pituitary
macroadenoma and high ACTH secretion after adrenalec-
tomy. This definition has not changed since the end of the
fifties. Today the Nelson’s syndrome must be revisited with
new to criteria using more sensitive diagnostic tools, espe-
cially the pituitary magnetic resonance imaging.

In this paper we will review the pathophysiological as-
pects of corticotroph tumor growth, with reference to the
impact of adrenalectomy. The main epidemiological data on
the Nelson’s syndrome will be presented.

More importantly, we will propose a new pathophysio-
logical and practical approach to this question which at-
tempts to evaluate the Corticotroph Tumor Progression af-
ter adrenalectomy, rather than to diagnose the Nelson’s
syndrome. We will discuss the consequences for the man-
agement of Cushing’s disease patients after adrenalectomy,
and will also draw some perspectives.

The Nelson’s syndrome was first identified at a time
when radioimmunoassay (RIAs), the corticotrophin re-
leasing hormone (CRH), magnetic resonance imaging
(MRI), transsphenoidal surgery ... were unknown!

The description of this syndrome, however, came as
an illuminating clue to elucidate the pathogenesis of
Cushing’s disease.

The remarkable progresses of the last decades have
provided us with new pathophysiological knowledge
and investigative tools that allow us to revisit this syn-
drome and propose a new approach: how to predict,
assess, and manage possible Corticotroph Tumor Pro-
gression (CTP) after adrenalectomy ?

History

In 1958 Nelson et al. [1] first described a 33 year old
woman who developed marked skin hyperpigmenta-
tion, and evidence of pituitary tumor (enlarged sella
on skull X-Ray and visual field defects), three years af-
ter she had been subjected to bilateral adrenalectomy
for Cushing’s syndrome. ACTH plasma levels were
high enough to be measured by a bioassay in the hy-
pophysectomized dog. .. Other authors independently
reported similar cases [2-5].

These observations were taken as evidence for arole
of the pituitary in the pathogenesis of “Cushing’s dis-
ease”; as had been anticipated by Harvey Cushing [6].

Pathophysiological aspects

The biology of the corticotroph adenoma of
the Nelson’s syndrome

Close MRI follow-up of adrenalectomized patients have
shown that “Nelson’s syndrome”, as previously diag-
nosed, was not due to the “appearance” of a pituitary
tumor, rather it was associated with its progression. In
other words, the day after adrenalectomy, it is the same
tumor, the corticotroph adenoma, that will eventually
grow (Fig. 1).

Therefore, pituitary tissues obtained in patients with
“the Nelson’s syndrome” essentially show molecular
features identical to that observed in corticotroph ade-
nomas of “the Cushing’s disease” [7] :

— POMC gene transcription is qualitatively unaltered,
generating the normal 1200 nt POMC mRNA [8]

—POMC is normally processed, generating intact ACTH,
with no unanticipated POMC product [9]

—Most tumors are loaded with CRH-R1 and vasopressin
V3 receptors, and remain highly responsive to their
ligands [7-11].

— They express a variety of nuclear factors that are
associated with the corticotroph phenotype: Ptx1,
Tpit, Neuro D, Nurr 77, Nur 1, the gluccorticoid re-
ceptor typeII, . .. [10]

— They are monoclonal tumors [12,13]

Yet these tumors, like corticotroph adenomas in gen-
eral, show a set-point defect or partial resistance to
glucocorticoids. This is best shown by in vivo studies
showing that ACTH plasma levels are not normally sup-
pressed by glucocorticoid administration in patients
with Nelson’s syndrome [14]. Confirmation of this fea-
ture in vitro is difficult because the direct comparison
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Fig. 1. A schematic view of the pathogenesis of Cushing’s disease and the consequences of adrenalectomy (from Ref. 7).

with normal corticotroph cells is absent in most studies
[15].

Does adrenalectomy boost corticotroph tumor
progression?

Many studies have been done on the pathogenesis of
corticotroph tumors, yet with very little success [10].
Among the many questions that still have no clear an-
swer, is whether adrenalectomy is responsible for in-
creasing the growth rate of a previously existing corti-
cotroph tumor?

Adrenalectomy abrogates the chronic cortisol ex-
cess, and should consequently restore a normal hy-
pothalamic CRH drive, as suspected on the normal cir-
cadian rhythm of cortisol secretion observed in pa-
tients with Cushing’s disease who have been cured by
transsphenoidal surgery [7]. It may also have other con-
sequences with potential influence on corticotroph tu-
mor growth.

Corticotroph adenoma cells express the ubiquitous
glucocorticoid receptor (GR), with no evidence for im-
balance between its two isoforms [16,17]. Cortisol low-
ers the proliferation rate of human corticotroph ade-
noma cells in primary culture [16]. In rats, dexametha-
sone induces apoptosis of a subpopulation of anterior
pituitary cells that is expanded by adrenalectomy [18].
Whether these cells are corticotroph cells remains to
be established. One case of somatic mutation in an ag-
gressive corticotroph tumor in a patient with the Nel-
son’s syndrome has been reported, but seems to be
uncommon [19]. Furthermore, LOH at the GR locus
was found in 6 of 22 corticotroph adenomas [20], but
haploinsufficiency was not established. Whether these
abnormalities are more frequent in aggressive tumors
of the Nelson’s syndrome is not known. These data
would plead for a direct glucocorticoid inhibition of

the corticotroph tumor growth, but such an evidence
in Cushing’s disease is not demonstrable, as glucocor-
ticoids have undissociable pleitrophic effects such as
CRH down-regulation. Thus we cannot definitely con-
clude that abrogation of chronic glucocorticoid-excess
after adrenalectomy would boost the corticotroph tu-
mor growth.

After adrenalectomy it is believed that the hypotha-
lamic CRH drive is restored (Fig. 1). More importantly,
in most patients, the glucocorticoid replacement is dis-
continued during all the night period. In such patients
it is conceivable that the restored hypothalamic CRH
drive exerts its effects in the absence of any glucocor-
ticoid counteraction. CRH excess induces an increase
of corticotroph cells number, as seen in tumors with
ectopic CRH secretion [21], in rats with chronic CRH
infusion [22] and in transgenic mouse overexpressing
CRH-R1[23]. CRH receptor 1 (CRH-R1) is abundantly
expressed in corticotroph adenomas [24,25]. However
no mutation of CRH-R1was found in corticotroph ade-
nomas [25]. Adrenalectomy in rats increases hypotha-
lamic CRH transcription, and is followed by a moder-
ate increase of corticotroph cell number [26], and by a
down-regulation of CRH-R1 expression [27,28]. To our
knowledge no data are available on the kinetics of CRH-
R1 expression in human corticotroph adenomas after
adrenalectomy. Moreover, evaluating the CRH tone in
humans after adrenalectomy is challenging, so that the
role for CRH in stimulating the proliferation of corti-
cotroph adenoma after adrenalectomy, although attrac-
tive, remains speculative.

Other factors may interfere with corticotroph ade-
noma growth after adrenalectomy. For instance hy-
pothalamic expression of arginine vasopressin (AVP)
is increased after adrenalectomy in rats [26], AVP
receptor V3 is abundantly expressed in corticotroph



adenoma [24], and AVP induces pituitary cell prolifer-
ation in vitro [29].

In patients, a single retrospective study reported a
higher incidence of Nelson’s syndrome when glucocor-
ticoid substitution was insufficient [30], but two other
studies did not confirm these results [31,32]. One other
study suggested that a extra glucorticoid replacement
dose at 6 pm would reduce the incidence of Nelson’s
syndrome [33].

Are there specific molecular features in
rapidly growing tumors?

The search for the molecular mechanisms(s?) responsi-
ble for the pathogenesis of corticotroph adenomas has
been extensive and recently reviewed [10].

A fairly good number of more or less obvious can-
didates have been examined: oncogenes, tumor sup-
pressor genes, growth factors, transcription factors,
various signalling pathways, some of them rather spe-
cific to the corticotroph phenotype, cell-cycle associ-
ated genes, angiogenic factors, genes responsible for
genetic syndromes that may be associated with Cush-
ing’s disease (menin), genes the manipulation of which
in experimental models unexpectedly generated POMC
producing pituitary tumors (most often in the interme-
diate lobe of the mice, which may have no relevance to
the human disease !), ...It is fair to say that no clear
information is available to day on the molecular patho-
genesis of corticotroph adenomas.

We do not even know if corticotroph adenoma for-
mation is the result of a unique molecular mechanism,
a predominant one (as observed in other types of en-
docrine tumors, for example in GH secreting pituitary
adenomas), or a constellation of many different possi-
bilities; depending on the responsible mechanism one
can imagine that glucocorticoids — and therefore glu-
cocorticoid deprivation and its consequences — might
have highly variable effects on tumor growth.

It emphasizes the concept that assessing the poten-
tial growth rate of the corticotroph tumor is the real
question. The pathophysiology of an accelerated tumor
growth is poorly understood. We can underline that the
reported case of glucocorticoid mutation [19] was as-
sociated to a very fast growing tumor. Other molecular
features associated to this phenotype are not known.
Comparing molecular features between rapidly grow-
ing and slowly growing corticotroph adenomas after
adrenalectomy might bring some answer. A study, yet
to be done . . .!

Epidemiology of the classical Nelson'’s
Syndrome

Prevalence

About fifty series reported on the so-called Nelson’s
syndrome, grossly defined by the association of an ex-
panding pituitary tumor and a “high” ACTH secretion
after adrenalectomy in Cushing’s disease. The preva-
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lence of Nelson’s syndrome ranges from 8 to 29% in
the largest series with more than 40 patients [2,30,34—
43], with a time interval between adrenalectomy and
the diagnosis of Nelson’s syndrome ranging from 0.5 to
24 years. Patients were included between the middle of
the fifties until the end of the nineties, with an inclusion
time ranging from 9 to 36 years.

Predictive factors
These Nelson’s syndrome studies provided also predic-
tive factors.

A high basal ACTH after adrenalectomy is the best
validated predictive factor [30-32, 35,44-46], but no
unique threshold value can be defined. Other predic-
tive factors have been described, such as the young age
at adrenalectomy in some studies [36,38,47,48] but not
all [30,40], with an apparent increase of incidence in
children [47], the surgical or morphological documen-
tation of a pituitary adenoma before adrenalectomy
[40,45,46], the existence of an adrenal remnant after
adrenalectomy in some studies [37,46] but not all [30],
the duration of the Cushing’s disease in some studies
[32] but not all [30,36,38,44], free urinary cortisol be-
fore adrenalectomy in some studies [30,40] but not all
[31,32,46]. Pituitary irradiation prior to adrenalectomy
was found protective in some studies [45] but not all
[37,38,40,46,49]. Finally some factors have never been
demonstrated as predictive, such as the sex [30,36,38,
40], baseline ACTH in the morning before adrenalec-
tomy [31,36,38,46], the level of glucocorticoid substitu-
tion after adrenalectomy [30-32], the pregnancy [35].

Complications

The complications related to the Nelson’s syndrome
are essentially due to the tumoral volume: chiasmatic
compression with visual field loss, either transitory or
definitive is the most frequent complication described,
with a prevalence ranging from 1/10 to 4/9 [24,30,32,35,
37,38,45,47,49-52]. Occulomotor nerve palsy has also
been described [49], as well as tumor necrosis with
sudden intracranial hypertension [35,51]. Cases of dia-
betes insipidus [5] and hypopituitarism are exceptional.
Cases of pituitary tumor with distant metastases have
also been described [35,38].

Finally, complications related to the high ACTH lev-
els have been reported with exceptional occurrence.
Paratesticular and paraovarian tumors producing corti-
sol or androgens in an ACTH-dependent manner have
been described [563-55], as well as testicular adrenal
rests with hyperplasia provoked bilateral testicular tu-
mors [56,37].

Revisiting the Nelson Syndrome

An ill-defined condition

The definition of “the Nelson’s syndrome” is ...highly
variable ! and it is difficult to draw a general consensus
from a vast analysis of the litteraure on the subject:
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Fig. 2. Opposing Nelson’s syndrome as it was historically
diagnosed (upper part), and the CTP concept which can be
closely followed by MRI (lower part).

—evidence of pituitary tumor (or pituitary tumor
growth) relies on sellar X-Ray, visual field defect,
rarely CT-scan. . .

— evidence for “high” ACTH secretion relies on the pres-
ence of cutaneous hyperpigmentation, ACTH mea-
sured by bioassay, ACTH measured by immunoassays
with highly variable sensitivities and cut-offs.

— Most series are composed of heterogeneous patient
populations, some of them having received interfer-
ing treatment such as pituitary radiotherapy.

To day it is quite clear that there cannot be a defini-
tion of “the Nelson’s syndrome”!

As examplified in the scheme of Figure 2, our cur-
rent pathophysiological knowledge, and our sensitive
means to image pituitary tumors have radically changed
our vision of Cushing’s disease, and its potential evolu-
tion after adrenalectomy:

— In a patient with Cushing’s disease, we are no
longer asking ourselves whether a pituitary tumor
is present, we are asking whether the responsible
pituitary tumor will grow, will grow faster after
adrenalectomy, will grow to a point that might cre-
ate further threats to the patient.

Rather than diagnose Nelson’s syndrome, at a late
stage, with non sensitive means (sellar X-Ray), the chal-
lenge is now to screen for early evidence of tumor
growth with the most sensitive imaging and/or biologi-
cal means. For this we have to generate data on the nat-
ural history of Corticotroph Tumor Progression (CTP)
after adrenalectomy.

Corticotroph tumor progression (CTP) after
adrenalectomy

In the last years, we have undertaken a vast study the
aim of which was to assess CTP in a homogeneous
series of b3 patients followed in a single Center (En-

docrine Department, hopital Cochin, Paris), and who
had all been subjected to adrenalectomy for Cushing’s
disease. None had pituitary radiation. All had pituitary
MRI before adrenal surgery, and all were closely fol-
lowed with yearly pituitary MRI and ACTH measure-
ments. The median follow-up after adrenalectomy was
4.6 years (range 0.5-13.5).

CTP was defined either by the occurrence of an ade-
noma at MRI, or the growth of a pre-existing adenoma
on pituitary MRL

The prevalence of CTP reaches 38% at three years,
and 47% at seven years, and plateaus thereafter.

Factors that were found to be significantly associ-
ated with a higher risk to develop CTP were: duration
of Cushing’s disease, baseline ACTH plasma level in the
year following adrenalectomy, the rate of increase in
ACTH plasma levels after adrenalectomy.

Among the 10 patients who developed CTP, a sin-
gle complication was observed in a case where spon-
taneous tumor necrosis induced transient ocular nerve
palsy. Four patients were subsequently subjected to
conventional pituitary radiotherapy.

Management of CTP

The historical cases of Nelson’s syndrome were charac-
terized by large invasive pituitary macroadenomas pre-
senting a major therapeutic challenge. Today with pi-
tuitary MRI the tumor could have been detected much
earlier at a smaller size, and the surgical procedures
have improved, as well as the radiotherapeutic proto-
cols [58].

After adrenalectomy, the goal is not to cure the pi-
tuitary adenoma, but rather to manage CTP so that
no complication related to the tumor burden oc-
curs. Indeed, a microadenoma appeared on MRI after
adrenalectomy may not be removed as far as it does
not grow, especially in patients with high risk pituitary
surgery. A close pituitary MRI follow-up is necessary
for an early CTP diagnosis.

The identification of clinical and molecular factors
predicting aggressive CTP are needed. With such fac-
tors, we could adapt the pituitary MRI follow-up sched-
ule, we could propose pituitary irradiation in high risk
patients, and we could better choose the right time
for pituitary surgery in face of a growing pituitary ade-
noma.

Perspectives

Indication for adrenalectomy in Cushing’s
disease

There is no discussion that pituitary surgery should be
the first line treatment in most patients with Cushing’s
disease [7]. It is the sole therapeutic option that offers a
possibility of authentic cure, with a restitutio ad inte-
grum of the entire hypothalamic-pituitary-adrenal axis.
Yet there is no discussion also that it does not always
work. ..



Unfortunately, at this stage, all other therapeutic
options (radiotherapy, anticortisolic drugs, adrenalec-
tomy) have important and inescapable side effects,
or questionable success. Among them, adrenalectomy,
performed today by videoscopic surgery, with low mor-
bidity and mortality, in experienced teams, is the only
one that offers an immediate control of hypercorti-
solism with 100% certainty [59].

The recent description of CTP with sensitive
means—i.e. pituitary MRI and ACTH plasma levels—
offers new bases for a better evaluation of the risks
of such an approach. Even though a reliable predictive
factor for CTP still remains to be found, its occurrence
is not inevitable, and its—potential—complications are
preventable by a close surveillance.

The need for drugs acting at the corticotroph
tumor

Much progress has been done in the recent years in
the pharmacological control of pituitary tumors. Highly
successful treatment of prolactinomas, GH secreting
adenomas, and TSH secreting adenomas have been ob-
tained with dopaminergic- or somatostatinergic drugs.

The corticotroph adenoma remains an “orphan” pi-
tuitary tumor that has yet to find its therapeutic coun-
terpart.

Hopes have recently emerged with studies in exper-
imental models and in man with new and more selec-
tive somatostatin analogs, retinoids, and PPAR-y ago-
nists, that seem to directly suppress ACTH secretion
by corticotroph tumors [60-62]. New molecules, with
selective glucocorticoid activity, SEGRA, might prove
able to suppress tumor ACTH secretion with little pe-
ripheral effects [63]. Such medications would of course
be highly useful in the treatment of Cushing’s disease,
and potentially, also, to prevent or treat CTP after
adrenalectomy.

Assessment of pituitary tumor growth

There is a definite need to improve the accuracy of
our means to assess pituitary tumor growth by imag-
ing. Pituitary MRI has brought a real revolution in the
field [64-66], yet little data are available that provide
us with clear tools to evaluate subtle morphological
changes. Progresses are needed to obtain higher repro-
ducibility in measuring pituitary tumor dimensions or
volumes. They will be useful not only to follow CTP
after adrenalectomy in Cushing’s disease, but also in
other circumstances, when other types of adenomas
are subjected to direct — medical or radiotherapeutic
— treatments, or, when patients with acromegaly are
treated with GH — antagonists.

Biological markers of CTP are still to be found as
well. There is good evidence that ACTH plasma levels
are indicators of such progression. . .but only after the
adrenalectomy has been performed! Even at this time
it will be important to set the best conditions where
ACTH plasma levels can be measured with good repro-
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ducibility: under appropriate “substitutive treatment”,
using repeat baseline levels or dynamic tests?

Since transsphenoidal surgery is usually performed
as a first-line treatment in these patients, tumor tissue
should be available for the search of markers of pro-
gression in situ. Classical histological approaches (mi-
toses, KI-67), have not provided the solution yet. Other
molecular markers will have to be found, based on our
growing knowledge on the pathogenesis of endocrine
and pituitary tumorigenesis [67,68], and on the avail-
ability of new technical approaches such as transcrip-
tome analysis by microarrays [69]. This aspect empha-
sizes the importance of transsphenoidal surgery and
the careful collection of the adenomatous tissue for all
patients: years after the pituitary surgery, they might
provide the therapeutist with important informations
in case of recurrent hypercortisolism and if adrenalec-
tomy is discussed as a possible therapeutic option.
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