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Context: Abnormal FGFR4 expression has been detected in pituitary tumors, especially in larger and
invasive adenomas. In addition, the FGFR4 functional polymorphism G388R has been associated
with poor outcome in several human malignancies. Then, we hypothesized that FGFR4 expression
and genotype could be markers of adverse outcome of Cushing'’s disease after transsphenoidal
surgery.

Objectives: The objective was to investigate whether there is an association between the postop-
erative outcome of Cushing’s disease (remission/recurrence) and the FGFR4 G388R genotype or the
FGFR4 expression in corticotrophinomas.

Design and Patients: Clinical, hormonal, and pathological data of 76 patients who underwent the
first transsphenoidal surgery were retrospectively reviewed. All patients were genotyped for
G388R polymorphism. FGFR4 expression was assessed by real-time PCR in 18 corticotrophinomas.

Main Outcome Measures: The outcome measures included the FGFR4 G388R genotype and FGFR4
expression in postoperative remission and recurrence of Cushing’s disease.

Results: Homozygosis for FGFR4 glycine (Gly>28) allele was associated with reduced disease-free
survival, in the univariate analysis (hazard ratio of 6.91; 95% confidence interval of 1.14-11.26; P =
0.028). Male gender (P = 0.036), lack of pathology confirmation (P = 0.009), and cortisol levelsmore
than 2 ug/dl in the early postoperative period (P < 0.001) were also significant predictors of
Cushing’s disease recurrence in the univariate analysis. FGFR4 overexpression was found in 44% of
the corticotrophinomas, and it was associated with lower postoperative remission rate (P = 0.009).

Conclusions: Our data suggest that homozygosis for FGFR4 Gly>2® allele and FGFR4 overexpression

are associated with higher frequency of postoperative recurrence and persistence of Cushing’s
disease, respectively. (J Clin Endocrinol Metab 95: E271-E279, 2010)

ushing’s disease is characterized by an overproduction
C of glucocorticoids by the adrenal cortex as a result of
excessive corticotrophin (ACTH) secretion from a pitu-
itary tumor. The disease occurs more commonly in women
than in men, and the corticotroph tumors are usually less
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than 10 mm and limited to the sellar region (1, 2). Cur-
rently, the treatment of choice for patients with Cushing’s
disease is selective adenomectomy through a transsphe-
noidal approach (3). The postoperative remission rates
vary widely among centers, from 60 to 90% (1, 3-5).

Abbreviations: FGF, Fibroblast growth factor; FGFR, fibroblast growth factor receptor; MRI,
magnetic resonance imaging.
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Recent long-term follow-up studies have suggested that
ACTH-secreting tumors have a high probability of recur-
rence, with overall recurrence rates of 5-25% (1, 3, 6).
Previous studies have identified factors associated with
higher remission rates, such as microadenoma visualized
by magnetic resonance imaging (MRI), low postoperative
serum cortisol levels, and histological confirmation of an
ACTH-staining adenoma. Conversely, macroadenomas,
invasive tumors, young age, and male gender were pre-
dictors of persistent hypercortisolism after transsphenoi-
dal surgery or higher rates of recurrence during the follow
up (1,4, 7, 8).

Although pituitary corticotroph tumorigenesis has
been extensively studied, no molecular marker was found
to be associated with Cushing’s disease prognosis. Corti-
cotroph pituitary adenomas are monoclonal, suggesting
that somatic defects in a pituitary cell are likely the origin
of the tumor. However, cumulative evidence has empha-
sized the involvement of microenvironment permissive
factors, such as hypothalamic peptides, hormones, growth
factors, and cytokines in the pituitary tumor development
and progression (9). Bone morphogenic protein-4, a mem-
ber of the TGF-B family, is down-regulated in corticotro-
phinomas, and it was shown to inhibit corticotroph tumor
cell growth (10). IL-6 expression, a gp130-related cyto-
kine, affects cell proliferation and ACTH secretion (11).
Additionally, members of the fibroblast growth factor
(FGF) family have been implicated in pituitary tumors
pathogenesis (12-14). FGF-2 and FGF-4 expression have
been identified in human pituitary adenomas (13, 14).
FGF-4/hst strong immunoreactivity, in particular, corre-
lates with prolactinomas invasiveness (14). The actions of
FGFs are mediated by FGF receptors (FGFRs). Normal
human adenohypophysis expresses FGFR1, FGFR2, and
FGFR3 but not FGFR4 (15, 16). Interestingly, an N-ter-
minally truncated isoform of FGFR4 (pdt-FGFR4) has
been detected in pituitary tumors of various subtypes (16,
17). In corticotroph pituitary adenomas, it has been iden-
tified in approximately 50% of the tumors (16). FGFR4
belongs to the tyrosine kinase receptors family, and its
activation mediates cell proliferation, survival, migration,
and resistance to apoptosis (18). Its overexpression has
been demonstrated in several human cancers (19, 20). In
melanomas, FGFR4 expression was significantly associ-
ated with shorter overall survival and disease-free survival
(19). FGFR4 staining was also a poor outcome predictor
in patients with astrocytoma grade III (20). In a large co-
hort of pituitary neoplasms, a strong FGFR4 protein ex-
pression was more frequently observed in larger adenomas
(16). A positive association between pdt-FGFR4 mRNA
expression and tumor invasiveness was demonstrated in
GH-secreting pituitary tumors (21). Recently, a common
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FGFR4 germ-line polymorphism at codon 388 (G388R)
was described (22). The presence of the arginine (Arg>®®)
allele has been associated with poor outcome in several
cancers, such as prostate, colon, breast, and lung (22-24).

In an effort to identify genetic factors associated with
prognosis in Cushing’s disease, the aim of the current
study was to determine whether the FGFR4-G388R poly-
morphism and FGFR4 expression levels were predictors
of postoperative outcome (remission vs. persistent disease
and long-term remission vs. recurrence) after the first
transsphenoidal surgery. In addition, clinical, hormonal,
and pathological findings associated with postoperative
outcome were evaluated in this series of Cushing’s disease
patients.

Patients and Methods

Subjects

The study was approved by the Ethics Committee of the Hos-
pital das Clinicas (Sao Paulo, Brazil), and informed written con-
sent was obtained from all patients and/or parents. Seventy-six
consecutive patients (60 females and 16 males) who underwent
the first-time transsphenoidal surgery for treatment of Cushing’s
disease between 1989 and 2008 in our institution (Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sao
Paulo, Endocrinology Department, Sao Paulo, Brazil) and had
genomic DNA or tumoral cDNA available for molecular studies
were included in this study. All patients had, at least, 1 yr of
clinical and laboratorial follow up after the surgical approach.
None of patients had undergone previous treatment (surgery or
radiotherapy to the pituitary or adrenal). Data regarding the
preoperative diagnosis (clinical features, laboratory data, and
imaging studies), surgical and histopathological findings and
outcome, postoperative follow up, and long-term evolution were
retrospectively recorded. To analyze the frequency of FGFR4
G388R genotype in the Brazilian population,a DNA bank of 103
healthy subjects was used as a control group.

Cushing’s disease diagnosis

Cushing’s disease was diagnosed using currently accepted
standard criteria (5,25). Atleast two elevated 24-h urine cortisol
excretion levels and/or lack of suppression of serum cortisol dur-
ing a low-dose overnight dexamethasone suppression test were
performed to establish endogenous hypercortisolemia in all pa-
tients. Nonsuppressed ACTH level, MRI evidence of a pituitary
adenoma, high-dose dexamethasone suppression, and/or infe-
rior petrosal sinus sampling tests were used to establish pituitary
origin.

Tumor grade

Tumor size and invasiveness were classified on the basis of
preoperative radiologic images (MRI/computed tomography)
and intraoperative findings using the Hardy criteria modified by
Bates et al. (26): grade 1, microadenomas (tumors = 10 mm in
the maximal diameter); grade 2, macroadenomas (tumors > 10
mm); grade 3, microadenomas or macroadenomas with invasive
local signals (evidence of bony destruction and/or tumor within
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the sphenoid and/or cavernous sinuses); and grade 4, central
nervous system or extracranial spread.

FGFR4 genotyping

Genomic DNA was isolated from peripheral blood leuko-
cytes or oral swabs by standard methods. An FGFR4 exon 9
fragment was PCR amplified using the following primers: 5’-
GACCGCAGCAGCGCCCGAGGCCAG-3’ and 5'-AGAGG-
GAAGAGGGAGAGCTTCTG-3' as described previously (22).
To determine the distribution of FGFR4 Arg**® and Gly*®® al-
lele, the 168-bp amplicon was digested overnight with Bs¢NI
(New England Biolabs, Ipswich, MA) according to the instruc-
tions of the manufacturer. Restriction fragments were resolved
on a 3% agarose gel, and DNA was visualized under UV tran-
sillumination after staining with ethidium bromide. The diges-
tion of the 168-bp FGFR4 region by BstN1 results in 109-, 37-,
and 22-bp fragments in the case of the Gly*®® allele. The Arg?®®
allele digestion results in 82-, 37-, 29-, and 22-bp fragments.
Although the 37, 29, and 22 bp are not well visible in the gel
system used, homozygosis for either the Gly**® or Arg**® allele
can be characterized by one band of 109 or 82 bp, respectively.
Heterozygous cases can be characterized by two bands of 109
and 82 bp (Fig. 1).

Tumors samples and quantitative real-time PCR

The fragments of the tumors were collected from 44 patients
who underwent transsphenoidal surgery for Cushing’s disease
and snap frozen and stored in liquid nitrogen. Serial sections of
the fragment were immunostained for ACTH, prolactin, GH,
FSH, LH, TSH, and reticulin. Twelve samples were excluded
from mRNA expression study because of a lack of pathology
confirmation of an ACTH-secreting tumor.

168 bp —

109 bp —
82bp —

1 2 3 4 M

FIG. 1. Representative 3% agarose gel showing BstN1 digestion of a
168-bp FGFR4 region. The digestion results in 109-, 37-, and 22-bp
fragments in the case of the Gly>®® allele. The Arg>®® allele digestion
results in 82-, 37-, 29-, and 22-bp fragments. Although the 37, 29,
and 22 bp are not well visible in the gel system used, homozygosis for
either the Gly>®8 or Arg®®® allele can be characterized by one band of
109 or 82 bp, respectively. Heterozygous samples can be characterized
by two bands of 109 and 82 bp. The size marker ¢pX 174 DNA/Hinf-1
digest (M) and the undigested PCR sample (lane 7) were used as
standards. Lanes 2 and 3 are homozygous samples for the Gly*®® and
Arg>®8 allele, respectively. Lane 4 is a heterozygous sample.
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FIG. 2. Representative 1% agarose gels showing T-pit, Pit-1, and
B-actin expression. Lane 1 shows size marker ¢X 174 DNA/Hinf-1
digest. Lane 2 shows a pool of normal pituitary gland with positive
expression of T-pit and Pit-1. Lanes 3—18 are samples of corticotroph
tumors. Lanes 8 and 75 show corticotroph tumors Pit-1 positive and
therefore excluded from additional analysis. Lane 19 shows an
example of a tumor-producing GH (Pit-1 positive and negative T-pit).
The expression of B-actin is shown as control of amplification.

Total RNA was extracted by TRIzol (Invitrogen, Carlsbad, CA)
reagent method from the 32 remaining samples. The RNA quality
and concentration were determined by Agilent 2100 bioanalyzer
(RNA 6000 nano kit; Agilent Technologies, Santa Clara, CA). Four
samples were excluded from additional analysis as a result of RNA
degradation signals (RNA integrity < 5). The cDNA was generated
from 1.25 ug of total RNA using the High Capacity cDNA Archive
kit for RT (Applied Biosystems, Foster City, CA).

To evaluate ACTH-secreting tumors, contamination by non-
adenomatous pituitary tissue RT-PCR for Pit-1 gene was per-
formed. T-pit expression detected by RT-PCR was also used to
confirm the presence of corticotroph cells in the tumor samples
(Fig. 2). Pit-1 expression was detected in 10 of 28 samples, which
were excluded from additional analysis.

Quantitative real-time RT-PCR was performed in the ABI
PRISM 7000 Sequence Detector using TagMan gene expression
assays (Applied Biosystems, Foster City, CA). The FGFR4 assay
used amplifies the eight to nine exon boundaries and detects both
intact and pdt-FGFR4 isoform (assay identification number
Hs00242558_m1). Three endogenous control genes were used
for each sample, and the reactions were performed in triplicate.
The relative expression levels of FGFR4 was calculated using the
2744 method as described previously (27). A commercial pool of
pituitary glands was used as the reference sample (Clontech, Palo
Alto, CA). The criteria used for underexpression and overexpres-
sion was a 2-fold change when compared with the reference sample.

Postoperative follow up

Cushing’s disease remission was defined as clinical improve-
ment of hypercortisolism associated with normal postoperative
24-h urinary cortisol measures throughout the first year after
transsphenoidal surgery or continued need for corticosteroid re-
placement at the same period. Recurrence was defined as ele-
vated 24-h urinary cortisol samples associated with clinical
symptoms of hypercortisolism, after the first year of surgery.
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Statistical analysis

Statistic analysis was performed with the SPSS (version 13.0;
SPSS Inc., Chicago, IL) and MedCalc (version 9.4.2.0; MedCalc
Software, Mariakerke, Belgium) software. Continuous and cat-
egorical variables were compared by Mann-Whitney rank-sum
test and x> or Fisher’s exact test when appropriate, respectively.
Univariate analysis was performed using Kaplan-Meier curves
and log-rank test statistics for comparison. P = 0.05 was con-
sidered significant.

Results

Of the 76 patients with corticotroph tumors, 65 had
microadenomas (85.5%) and 11 had macroadenomas.
Forty-five of 65 microadenomas (69%) were visualized
by pituitary MRI. The median size of visible tumors was
7 mm. In the remaining 20 cases, the diagnosis was
established by a central to periphery ACTH gradient on
inferior petrosal sinus sampling, consistent with an
ACTH-secreting pituitary tumor.

The majority of the corticotroph adenomas (80.3%)
were classified as Hardy grade 1, 9.2% as Hardy grade 2
and 10.5% as Hardy grade 3. Pathological diagnosis of
ACTH-secreting pituitary adenoma was confirmed in 50
of 76 patients (65.8%). Lack of pathology confirmation
(normal pituitary tissue, necrosis, insufficient material for
immunohistochemical analysis) was observed in 26 cases.
Immediate postoperative morning serum cortisol levels of
no more than 2 ug/dl were observed in 47.2% of the
patients.

After the first transsphenoidal surgery, 24 of 76 pa-
tients (31.6%) did not achieve remission. Among the 52
patients who achieved remission and were followed for
more than 1 yr, 13 (25%) patients had Cushing’s disease
recurrence. The median time to recurrence was 60 months
(range, 18-180 months).

FGFR4 genotype in Cushing’s disease patients and
controls

FGFR4 genotype (Gly/Gly*®®, Gly/Arg*®®, and Arg/
Arg?®®) frequencies were similar between patients (60.5,
36.8, and 2.7%, respectively) and controls (56.3, 34, and
9.7%, respectively) (P = 0.17). The distribution of genotypes
in both groups was consistent with Hardy-Weinberg equi-
librium. The carriers of arginine allele in heterozygous or
homozygous state (Gly/Arg®®® and Arg/Arg®®®) were
grouped and compared with Gly/Gly**® for statistical
analysis.

Remission/recurrence vs. molecular and
clinic-pathologic features

Remission vs. persistent disease
The age, gender, tumor size, and frequency of the Gly/
Gly?88 genotype were not statistically different between
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TABLE 1. Association between different variables and
early postoperative outcome after the first
transsefenoidal surgery for Cushing'’s disease

Persistent
Variables Remission disease P
Age (yr) (n = 76)
Median 31 28.5 NS
Range 12-60 13-52
Gender (n = 76)
Female 43 (72%) 17 (28%) NS
Male 09 (56%) 07 (44%)
Tumor size (n = 76)
Microadenomas 44 (68%) 21 (32%) NS
Macroadenomas 08 (73%) 03 (27 %)
Tumor classification
(n =76)
Hardy grade 1 43 (70%) 18 (30%)
Hardy grade 2 07 (100%) 00 0.0067
Hardy grade 3 02 (25%) 06 (75%)
Pathology confirmation
(n =76)
Positive 38 (76%) 12 (24%) 0.0497
Negative 14 (54%) 12 (46%)
FGFR4 G388R (n = 76)
Gly/Gly3&8 33 (72%) 13 (28%) NS
Gly/Arg>®® and 19 (63%) 11 (37%)
Arg/Arg>®®
Postoperative cortisol
(n=72)
=2 wog/dl 32 (94%) 02 (6%) 0.00017
>2 pg/dl 16 (42%) 22 (58%)

Gly/Gly*®8, Homozygous state for glycine allele at codon 388 of FGFR4;
Gly/Arg®®® and Arg/Arg®®8, heterozygous and homozygous state for
arginine allele at codon 388 of FGFR4, respectively; NS, statistically not
significant.

@ X’test.

cured and noncured patients. A significantly higher fre-
quency of persistent disease was observed among the pa-
tients with Hardy grade 3 tumors (75%) when compared
with patients with Hardy grade 1 and grade 2 tumors (P =
0.006) (Table 1).

Postoperative variables analyses showed that pathol-
ogy confirmation of ACTH-producing adenoma and low
values of cortisol in the first 2 wk after surgery were sig-
nificantly associated with remission. Although 76% of
patients with pathology-confirmed ACTH tumor had
Cushing’s disease remission, only 54 % of patients without
tumor confirmation achieved remission. In addition, 94 %
of the patients with low cortisol levels (=2 ug/dl) in the
early postoperative achieved remission, whereas only
42% of the patients with cortisol of no more than 2 ug/dl
had postoperative remission (Table 1).

Recurrence vs. long-term remission

Cushing’s disease recurrence rate was significantly
higher in male patients (56 % of recurrence in men vs.
19% in women). Hardy grade 3 tumors were also as-



J Clin Endocrinol Metab, October 2010, 95(10):E271-E279

sociated with a higher likelihood of disease recurrence
(100 ws. 43% in grade 2 and 19% in grade 1 tumors; P =
0.017). In addition, lack of histopathology tumor con-
firmation (50 vs. 16 %) and elevated levels of cortisol in
the early postoperative period (50 vs. 12%) were also
associated with higher recurrence rates (Table 2).

The analysis of postoperative recurrence according
to the FGFR4 genotypes showed a significantly reduced
disease-free survival in the patients homozygous for
FGFR4 Gly®®® allele (hazard ratio of 6.91; 95% confi-
dence interval of 1.14-11.26; P = 0.028) (Fig. 3). Male
gender (P = 0.036), lack of pathology confirmation
(P =0.009), and cortisol levels more than 2 ug/dl in the
early postoperative period (P < 0.001) were also sig-
nificant predictors of Cushing’s disease relapse in the
univariate analysis (Fig. 3).

TABLE 2. Association between different variables and
long-term postoperative evolution in patients with
Cushing’s disease who achieve long-term remission after
the first transsefenoidal surgery

Long-term
Variables remission  Recurrence P
Age (yn) (n = 52)
Median 33 30 NS
Range 15-60 12-48
Gender (n = 52)
Female 35 (81%) 08 (19%) 0.033%
Male 04 (44%) 05 (56%)
Tumor size (n = 52)
Micro 35 (79%) 09 (21%) NS
Macro 04 (50%) 04 (50%)
Hardy modified
classification
(n =52)
Grade 1 35 (81%) 08 (19%)
Grade 2 04 (57%) 03 (43%) 0.017¢
Grade 3 00 (0%) 02 (100%)
Pathology confirmation
(n =52)
Positive 32 (84%) 06 (16%)
Negative 07 (50%) 07 (50%)  0.026°
FGFR4 G388R (n = 52)
Gly/Gly>®8 21 (64%) 12 (36%)
Gly/Arg®®® and 18 (95%) 01 (5%) 0.018°
Arg/Arg3®®
Postoperative cortisol
(n = 48)
=2 pg/dl 28 (88%) 04 (12%) 0.01°
>2 pg/dl 08 (50%) 08 (50%)

Gly/Gly>®8, Homozygous state for glycine allele at codon 388 of
FGFR4; Gly/Arg3®® and Arg/Arg3®8, heterozygous and homozygous
state for arginine allele at codon 388 of FGFR4, respectively; NS,
statistically not significant.

7 Y’test;

b Fisher's exact test.
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FGFR4 expression analysis

Eighteen corticotroph tumors were shown to be Piz-1
mRNA negative and therefore available for quantitative
real-time RT-PCR FGFR4 mRNA analysis. Four of 18
tumors were macroadenomas and two had invasive sig-
nals (Table 3). FGFR4 overexpression was detected in 8 of
18 (44%) corticotrophinomas. Age, gender, tumor size,
invasive signals, FGFR4 genotype, and postoperative cor-
tisol levels were not statistically different between patients
with low/normal or high FGFR4 expression. Neverthe-
less, all patients who did not achieve remission had high
levels of FGFR4 mRNA expression, whereas 75% of the
patients who achieved remission had normal/low FGFR4
expression levels (P = 0.009) (Table 3). Among the 18
patients available for expression studies, only one case of
recurrence was registered, probably because of the shorter
follow up of this group (median follow up of 29 months).

Discussion

Cushing’s disease is a rare disease associated with consid-
erable morbidity and mortality (1, 2, 25). The majority of
affected patients are adult females and most of the tumors
are non-invasive microadenomas (1, 28). Transsphenoi-
dal surgery for selective removal of corticotroph adenoma
is still the treatment of choice for Cushing’s disease, al-
though high rates of treatment failure are reported (1, 4,
6, 8). A second transsphenoidal approach is associated
with even higher rates of failure to cure (3, 29). Consid-
ering this, in our study, we have included only data from
the first surgical approach, which was associated with a
postoperative remission rate of 68.4%.

Among the preoperative factors assessed in this cohort
of patients with Cushing’s disease, we found a significant
association between tumor invasion signs (Hardy grade 3)
and persistent Cushing’s disease. When evaluating the
postoperative variables, lack of pathology confirmation of
the tumor and high levels of cortisol in the early postop-
erative period were also associated with a poorer outcome.
These findings are in accordance with previous studies (1,
30). In addition, variables associated with Cushing’s dis-
ease recurrence were a high Hardy grade, male gender,
lack of pathology confirmation of tumor, and cortisol lev-
els more than 2 pg/dl in the early postoperative period.
Pecori-Giraldi et al. (31) compared Cushing’s disease in
female and male patients and reported a worse prognosis
in males (recurrence of 32% in male vs. 15% in female).
Higher and earlier recurrence rates were also demon-
strated in patients with lack of pathology confirmation of
ACTH tumor (30). Furthermore, patients with postoper-
ative serum cortisol more than 2 pug/dl were 2.5 times more
likely to have a recurrence than patients with serum cor-
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FIG. 3. Univariate analysis of disease-free survival in Cushing’s disease patients with postoperative remission. Cumulative proportion of patients
with relapse was stratified by female or male sex (A), confirmation or lack of pathology confirmation of ACTH tumor (B), postoperative cortisol of
no more than 2 ug/dl (C), and Gly/Gly>®8- or Arg-carrying (Gly/Arg®®® and Arg/Arg>®8) genotypes (D). Small crosses indicate censored observations.
Log-rank analysis was used to establish statistical significance between curves.

tisol less than or equal to 2 ug/dl (7). In agreement with
previous studies (6—8), the rate of recurrence among the
52 patients who achieved remission was 25% (13 of 52)
after a median follow-up period of 60 months.

Some corticotroph tumors had an aggressive behavior,
and signs of invasion of nearby structures are occasionally
found. In accordance with a previous report (2), we dem-
onstrate here that tumor invasiveness in corticotroph pi-
tuitary adenomas is inversely related to favorable out-
come. Genetic factors that play a role in the development
of corticotrophinomas or that may influence their behav-
ior remain to be determined. The difficulty in studying
these tumors also resides on the fact that corticotroph
tumors are rare and small lesions so, therefore, with little
material available for molecular study. FGFR4 expression
appears to have an important role in the pituitary tumor
development and/or progression. The expression of intact
FGFR4 or its isoform pdt-FGFR4 was not identified in
normal pituitary, but pdt-FGFR4 was demonstrated by

RT-PCR in 40% of pituitary tumors (17). Immunohisto-
chemical studies detected cytoplasmic expression of
FGFR4 in more than 80% of gonadotroph tumors and
nonfunctioning null cell but in less than 10% of prolacti-
nomas. GH- and ACTH-producing tumors showed a pos-
itive staining for FGFR4 in 50% of the cases (16). An
association between pdt-FGFR4 expression and larger tu-
mors (16) and invasive signals (21, 32) has also been
found.

Our data indicate an association between increased
FGFR4 mRNA expression and lower remission rates of
hypercortisolism after transsphenoidal surgery. All pa-
tients who did not achieve remission had high levels of
FGFR4 mRNA expression, whereas 75% of the patients
who achieved remission had normal/low FGFR4 expres-
sion levels Nevertheless, we did not find any association
between FGFR4 overexpression and clinical features such
as age, gender, tumor size, and invasiveness signs (Hardy
grade). Although these findings are in agreement with pre-
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TABLE 3. Association between different variables and
FGFR4 expression in corticotroph pituitary tumors

Low/normal High
Variables FGFR4 FGFR4 P

Age (yr) (n = 18)

Median 33 25

Range 15-54 13-34 NS
Gender (n = 18)

Female 09 (60%) 06 (40%)

Male 01 (33%) 02 (67%) NS
Tumor size (n = 18)

Micro 08 (57%) 06 (43%)

Macro 02 (50%) 02 (50%) NS
Hardy (n = 18)

Grade 1 08 (62%) 05 (38%)

Grade 2 02 (67 %) 01 (33%)

Grade 3 00 (0%) 02 (100%) NS
FGFR4 G388R (n = 18)

Gly/Gly388 06 (60%) 04 (40%)

Gly/Arg?®® and 04 (50%) 04 (50%) NS

Arg/Arg>®8
Postoperative cortisol
(n=17)

=2 pg/dl 04 (67 %) 02 (33%)

>2 ug/dl 05 (45%) 06 (55%) NS
Early outcome (n = 17)

Remission 09 (75%) 03 (25%)

Persistent disease 00 05 (100%) 0.009°

Gly/Gly®8, Homozygous state for glycine allele at codon 388 of FGFR4;
Gly/Arg®®® and Arg/Arg>®8, heterozygous and homozygous state for
arginine allele at codon 388 of FGFR4, respectively; NS, statistically not
significant.

2 Fisher's exact test.

vious studies (15, 17), Qian et al. (16) demonstrated a
positive correlation between FGFR4 overexpression de-
termined by a semiquantitative score and tumor size from
a series with various pituitary tumors subtypes, including
17 ACTH-producing adenomas with Cushing’s syn-
drome. Moreover, Morita et al. (21) did not find a corre-
lation between the presence of FGFR4 expression and tu-
mor size in 45 GH-producing tumors, but an association
between FGFR4 expression and cavernous sinus invasion
was observed. In our study, we were not able to show a
significant association between FGFR4 expression and in-
vasive signs of ACTH tumors because only two cases were
classified as Hardy grade 3. However, both cases had high
FGFR4 expression levels.

Activated FGFR4 stimulates several intracellular sig-
naling pathways that control proliferation, differentia-
tion, migration, and cell survival. These pathways include
the signaling cascade of MAPK and phosphatidylinositol
3-kinase (18). The pdt-FGFR4 isoform is constitutively
phosphorylated, and it has been demonstrated i vitro and
in vivo that cells transfected with this isoform had greater
capacity of matrix invasion i vitro and in vitro (32).

Additionally, an FGFR4 functional polymorphism at
codon 388 (G388R) has been shown to be possibly asso-
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ciated with human cancer prognosis. Conflicting data re-
garding the influence of Arg®®® allele and prognosis of
human tumors have been described previously. The
Arg*®8 allele has been associated with a worse evolution in
several human tumors (19, 22-24, 33). It has been sug-
gested that this is caused by a Gly**® allele tumor suppres-
sor activity (34). However, others studies do not observed
the same association with prognosis, even assessing the
same tumor types (35, 36). In this study, we assessed the
influence of FGFR4 G388R genotype in Cushing’s disease
remission rate and disease-free survival and found a sig-
nificant association between Gly/Gly*®® genotype and re-
duced disease-free survival in univariate analysis. A mul-
tivariate analysis to evaluate the polymorphism as an
independent prognostic factor is hampered by the number
of events in the study. Interestingly, a previous study ev-
idenced that the Gly/Gly>®® genotype was associated with
an increased risk of bladder cancer recurrence (37). A
higher risk of oral cavity carcinoma was also correlated
with the Gly/Gly**® genotype (38). These discrepancies
can be explained by the possibility of a tissue-specific effect
of the polymorphism (39). Another possible bias is the
small number of patient in the recurrence group (37). In
our series, the number of patients in the relapse group was
also small (n = 13). In addition, we found no differences in
G388R genotype frequencies between Cushing’s disease pa-
tients and controls, and FGFR4 expression in corticotroph
tumors did not correlate with the FGFR4 G388R genotype.
The presence of the Arg**® allele in heterozygous or homozy-
gous state has been associated with increased levels of
FGFR4 in breast cancer cell lines and in malignant gliomas
(22, 40) but not in normal lung tissue (24).

In conclusion, the FGFR4 Gly/Gly**® genotype was a
significant predictor of postoperative recurrence of Cush-
ing’s disease. Additionally, high FGFR4 expression levels
were associated with a lower postoperative remission rate.
Therefore, our data represent the first demonstration that
genetic factors may influence the postoperative outcome
of patients with Cushing’s disease.
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