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Context: In acromegaly, a discrepancy between what are defined as “normal” levels of GH and IGF-I
for every given patient is observed in up to 35% of subjects at diagnosis and during the follow-up.

Objective: The aim of the study was to evaluate the impact of GH receptor (GHR) polymorphism
on the biochemical assessment of the treatment of acromegaly and on prevalence of discordant
levels of GH and IGF-I.

Setting: The study was performed in an institutional referral center at a tertiary care hospital.

Design, Patients, and Methods: We studied prospectively and retrospectively 84 consecutive ac-
romegalic patients with active disease after neurosurgery and treated them with somatostatin
analogs. The GHR genotype (flfl, fld3, or d3d3) was determined from peripheral blood.

Results: Lack of exon 3 of GH receptor (d3-GHR) was found in 40 of 84 patients (47.6%). After
neurosurgery, 67 subjects (79.8%) of the study population, concordant active acromegalic patients,
had high IGF-I and mean GH levels above 2 ng/ml, whereas the remaining 17 patients (20.2%,
discordant active acromegalic patients) showed discordance between these two parameters (high
IGF-I and GH levels � 2 ng/ml). Overall, 70.6% of discordant patients were carriers of the d3-GHR.
After somatostatin analogs, discordant active acromegalic patients increased to 30.9%, 69.2% of
whom were carriers of the d3-GHR. Logistic regression analysis demonstrated that d3-GHR carriers
maintained the significant correlation with discordant GH and IGF-I values either after neurosur-
gery or after somatostatin analog treatment, independently of the effects of age, sex, duration of
acromegaly, serum GH, and IGF- I values either at diagnosis of acromegaly or after neurosurgery.

Conclusion: The GHR polymorphism seems to have a relevant impact on the posttreatment biochem-
ical assessment of acromegaly. Moreover, the d3-GHR isoform could be an independent predictor of
GH and IGF-I discrepancy during the follow-up in acromegaly. (J Clin Endocrinol Metab 94: 2015–2022,
2009)

The GH receptor (GHR) is a single peptide chain with extra-
cellular hormone-binding, transmembrane, and cytoplas-

mic domains (1). The GHR is expressed in many tissues and
mediates the effects of GH on body growth, intermediary me-
tabolism, and cell differentiation (2, 3). The GHR gene consists
of nine exons encoding the receptor (4) and several untranslated
exons (4, 5). Two mRNA transcripts, differing in the coding part,

have been identified for the human GHR, one containing
(GHR3�) and one lacking (GHR3�) exon 3 (6, 7).

Approximately half of the individuals in most populations
tested were shown to be carriers of the d3-GHR. Initial studies
comparing d3-GHR and full-length (fl)-GHR indicated no dif-
ferences in GH binding, but subsequent analysis using reporter
constructs to assess transcriptional activity showed that deletion
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of exon 3 affected the functional properties of the GHR (8).
Moreover, young GH-deficient carriers of an allele encoding the
d3-GHR were more responsive (in terms of growth) to GH ad-
ministration than homozygous fl-GHR (8). This finding was
confirmed in children with Turner syndrome, those with short-
stature small-for-gestational-age, and those with severe GHD (9,
10), but not in children with short-stature non-GH-deficient
small-for-gestational-age and those with short stature appropri-
ate for gestational age or isolated GH deficiency (11–13). In
healthy individuals, differences in GH sensitivity may be com-
pensated for by adjusted GH secretion.

Recently, 50% of patients with acromegaly were shown to have
at least one d3 allele and lower GH levels for any given serum IGF-I
concentration compared with fl-GHR homozygous carriers (14).
Moreover, patients with acromegaly carrying the d3 isoform of the
GHR were found to be at risk of more severe complications as well
as more difficult biochemical control (15). Acromegaly is a poten-
tially very severe disease because chronic GH hypersecretion may
cause cardiometabolic complications finally leading to decreased
life expectancy. With availability of modern biochemical tech-
niques as well as effective therapeutic tools, progression of
acromegaly can be blocked in its early stages (16). Because
morbidity and mortality in acromegaly normalize with tight
biochemical control, a rigorous biochemical assessment of
acromegaly after any treatments is mandatory (17, 18).

Although a combined evaluation of IGF-I and GH response to
the oral glucose tolerance test is currently thought to provide the
most reliable assessment of biochemical status in acromegaly, sev-
eral pitfalls in the interpretation of either test have been reported
(19–21) and discrepant results may be observed (22–24). In a few
cases, abnormal pulsatile GH secretion, which suggests disordered
GH neuroregulation, can persist after surgery despite normal IGF-I
levels (25); the opposite pattern of divergent GH and IGF-I results
has been more frequently reported, with apparently “normal”
(�2.5 ng/ml) mean GH levels from day curves or frequent 24-h
sampling and elevated IGF-I levels being reported in up to 35% of
patients with acromegaly (26–29). Reasons for these discrepancies
are still unclear and under current active investigations (27).

We evaluated the impact of GHR polymorphism on the bio-
chemical assessment of acromegaly treatment and prevalence of
discordant GH and IGF-I levels at diagnosis and during follow-up.

Subjects and Methods

Subjects
We studied a cohort of 84 consecutive acromegalic patients with ele-

vated IGF-I levels (i.e. with active disease) after neurosurgery. The median
age of the patients was 48.5 yr (range, 24–86). Acromegaly was previously
diagnosed based on medical history, clinical examination, and failure of
suppression of serum GH concentrations below 1 ng/ml after a 75-g oral
glucose load and fasting plasma IGF-I concentrations above the normal
ranges for sex and age. The median duration of disease before surgery,
estimated on the basis of clinical history, i.e. when the patient recalled ap-
pearance of signs and symptoms of the disease, was 10 yr (range, 4–30).
Threemonthsafterneurosurgery, serumIGF-I andGHdaycurve (0,30,60,
90, and 120 min) were evaluated. GH levels were defined as normal when
theaverageoftheGHdaycurvewasnogreater than2ng/ml.All thepatients,
independently of either GH levels or evidence at magnetic resonance imag-
ing of persistent pituitary mass, were treated with somatostatin analogs
(SSAs). Biochemical reevaluation with GH day curve and IGF-I levels was
performed in all the patients 6 months after beginning medical therapy.
Anthropometric and clinical characteristics of the patients are reported in
Table 1. At study entry and during the follow-up, all acromegalic patients
were classified according to disease activity and concordant or discordant
GHandIGF-I serumlevelsas:1)patientswithactiveacromegaly,high IGF-I
levels forageandsex,andGHserumlevelsabove2ng/ml (concordantactive
acromegalic patients); 2) patients with active acromegaly, high IGF-I levels
for age and sex, and GH serum levels no greater than 2 ng/ml (discordant
active acromegalic patients); 3) patients with controlled acromegaly, nor-
malized IGF-I levels for age and sex, and GH serum levels above 2 ng/ml
(discordantcontrolledacromegalicpatients);and4)patientswithcontrolled
acromegaly, normalized IGF-I levels for age and sex, and GH serum levels
no greater than 2 ng/ml (concordant controlled acromegalic patients). Base-
line and postneurosurgery and postmedical treatment parameters are re-
ported in Table 2.

The patients gave informed consent to the study that was approved
by the local Ethical Committee.

Biochemical measurements
Blood samples were collected after an overnight fasting. Serum was

promptly separated and stored at �20 C until assay. GH and IGF-I were
measured by Immulite 2000 (Diagnostic Products Corp., Los Angeles,
CA). The interassay coefficients of variation of GH and IGF-I assays
ranged from 5.5 to 6.2% and from 6.4 to 11.5%, respectively. Sensitivity
limits of the assays were 0.01 and 0.2 ng/ml, respectively. The concen-
tration of IGF-I was also expressed as SD score (SDS), using the corre-
sponding reference values, expressed in relation to normal age-adjusted
adult values (normal values range from �2 to � 2 SDS) calculated as
follows: SDS � (in-value � mean of normal age-adjusted values)/(SD of
mean of normal age-adjusted values) (30).

TABLE 1. Clinical and anthropometric characteristics of the entire study population and according to GHR haplotypes

Total patients flfl

d3-carriers

fld3 d3d3 (fld3 � d3d3)

Patients (n) 84 44 25 15 40
Age (yr) 48.5 (24–86) 44.5 (24–86) 50 (29–77) 47 (29–66) 49.5 (29–77)
BMI (kg/m2) 25.7 (18.82–41.03) 26.3 (19.53–41.03) 25.4 (18.8–37.66) 23.9 (20.9–32.03) 24.9 (18.82–37.76)
Males (n) 34 17 8 9 17
Females (n) 50 27 17 6 23
Duration of disease (yr) 10 (4–30) 10 (4–30) 10 (4–30) 10 (6–15) 10 (4–30)
Macroadenomas (n) 67 35 20 13 33
Microadenomas (n) 17 9 5 2 7

The results are shown as median (range). BMI, Body mass index; flfl, patients with the flfl haplotype, homozygous for the full length GHR isoform; d3-carriers, patients
homo- or heterozygous for the exon 3 lacking isoforms; fld3, patients with the fld3 haplotype, heterozygous for the exon 3 lacking isoform; d3d3, patients with the
d3d3 haplotype, homozygous for the exon 3 lacking isoform.
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Genetic testing
DNA was extracted from 100/200 �g/liter peripheral bloom by Kit

Illustra blood Genomic Prep Mini Spin (GE Healthcare, Little Chalfont,
United Kingdom) (for the rapid and reproducible isolation of high-quality
genomic DNA from whole blood) for the detection of the GHR gene
polymorphism.

Polymorphisms were studied through PCR by Eppendorf Master Mix
(2.5�) (Eppendorf, Hamburg, Germany). [The 2.5� Eppendorf Master
Mix contains Taq DNA polymerase (0.0625 U/�l), 125 mM KCl, 75 mM

Tris-HCl (pH 8.3), 3.75 mM MgCl2, 0.25% Nonidet-P40, 500 �M of each
dNTP, and stabilizers. This corresponds to final concentrations in the PCR
of 1.25 U Taq DNA polymerase, 50 mM KCl, 30 mM Tris-HCl, 1.5 mM

Mg2�, and 200 �M of each dNTP]. Amplification was performed using
primers, as described previously (31); 5� TGTGCTGGTCTGTTGGTCTG
3�, 5� AGTCGGTTCCTGGGACGAGA 3�, and 5� CCTGGATTAA-
CACTTTGCAGACTC 3� were treated as follows: one cycle at 94 C for 5
min (denaturing), 35 cycles at 94 C for 30 sec (denaturing) and 60 C for 30
sec (annealing), 72 C for 60 sec (extension), and one cycle at 72 C for 7 min
(last extension). The amplification products were separated by electro-
phoresison2%agarosegelandvisualizedwith theuseofethidiumbromide.
The full-length allele (GHRfl) is represented by a 935-bp fragment and the
exon 3-deleted allele (GHRd3) by a 532-bp fragment (Fig. 1).

Statistical analysis
Data are presented as median and range, unless otherwise stated.

Unpaired data were compared using Mann-Whitney’s test, whereas
Friedman test was used to compare paired data. Pearson’s coefficient was
calculated to assess the correlation between GH and IGF-I in patients
with different GHR haplotypes (i.e. flfl vs. d3 carriers). Multivariate
logistic regression analysis was performed to assess the correlation be-
tween GHR haplotype and discordant response of GH and IGF-I values
after neurosurgery and SSAs, independently of the effects of age, sex,

duration of acromegaly, baseline serum GH and IGF-I. In the analysis of
correlation between GHR haplotype and post-SSAs discordance, GH
and IGF-I values after neurosurgery were also considered as covariates.
Statistical significance was assumed when P was less than 0.05. Based on
previous data in the literature (14, 15) and on the similar pattern of
response observed by us, statistical calculations were performed com-
paring flfl patients vs. d3 carriers taken as a whole. However, specific
data concerning fld3 and d3d3 patients have been reported in Tables 1–3
and Fig. 2.

Results

Clinical characteristics
Study patients included both females and males with elevated

postsurgical IGF-I levels. Median age at diagnosis of acromegaly
was 48.5 yr (range, 24–86), and body mass index was 25.67
kg/m2 (range, 18.82–41.03). Acromegalic symptoms had been
present for 10 yr (range, 4–30). Before neurosurgery, magnetic
resonance imaging revealed macroadenomas (�10 mm in diam-
eter) in 67 patients (79.7%) and microadenomas in 17 (20.3%).

Genomic analysis
We found 44 (52.4%) patients to be homozygous for fl-GHR

and 40 (47.6%) patients to be carriers of at least one allele of the
d3-GHR isoform (15 homozygous for the d3 isoform). Patients
were assigned to three groups: carriers homozygous for the fl-
GHR (flfl-GHR group), heterozygous carriers of the d3-GHR
(fld3 group), and homozygous carriers of the d3-GHR (d3d3-
GHR group). Demographic and clinical characteristics at diag-
nosis did not differ significantly in the three groups (Table 1).

Hormonal data

Baseline
At the time of diagnosis of acromegaly, no significant differ-

ences in serum GH (P � 0.5) and IGF-I (P � 0.6) concentrations
were observed between the flfl-GHR group and patients harbor-
ing d3 isoform (Table 2).

TABLE 2. Biochemical findings in the entire study population and according to GHR haplotypes at diagnosis, after neurosurgery,
and after SSA treatment

Total patients flfl

d3-carriers

fld3 d3d3 fld3 � d3d3

Patients (n) 84 44 25 15 40
GH at diagnosis (ng/ml) 19 (1.8–89) 23 (1.8–78) 17 (4–89) 17.4 (6.6–76) 17.2 (4–89)
GH after NS (ng/ml) 2.96 (0.7–64)a 3.9 (1.1–64)a 2.5 (0.72–16.2) 2.9 (1–14.4) 2.8 (0.72–16.2)a,c

GH after SSAs (ng/ml) 0.8 (0.03–25)a,b 0.95 (0.03–25)a,b 0.5 (0.1–11.8) 0.65 (0.06–2) 0.6 (0.06–11.8)a,b

IGF-I at diagnosis (ng/ml) 759 (345–1561) 743.5 (390–1561) 761 (378–1377) 664 (345–1179) 759 (345–1377)
SDS at diagnosis 10.8 (3.9–34.4) 9.2 (4.1–34.4) 12.53 (4.2–26.8) 11.5 (3.9–17.9) 11.6 (3.9–26.8)

IGF-I after NS (ng/ml) 469.5 (276–1480)a 474.5 (276–1480)a 396 (259–872) 477 (322–864) 460 (315–872)a

SDS after NS 5.6 (1.9–32.4) 5.7 (2.5–32.4) 4.9 (1.9–16) 6.1 (2.9–11.5) 5.1 (1.9–16)
IGF-I after SSAs (ng/ml) 237.5 (90–1058)a,b 232.5 (90–1058)a,b 256 (127–772) 250 (119–559) 253 (119–772)a,b

SDS after SSAs 1.5 (�1.0–18.8) 1.4 (�1.0–18.8) 2.2 (�0.6–11.5) 1.6 (0.1–6.3) 1.76 (�0.6–2.5)

The results are shown as median (range). Conversion factors to SI units: GH, � 2.225 � mU/liter; IGF-I, � 0.131 � nmol/liter. GH at diagnosis represents GH nadir after
oral glucose tolerance test; GH after NS and after SSAs represent mean value of GH day curve. IGF-I are also expressed as SDS. NS, Neurosurgery.
a P � 0.05 vs. at diagnosis.
b P � 0.05 vs. after NS.
c P � 0.05 vs. flfl.

FIG. 1. Agarose gel electrophoresis of PCR products showing the size marker (L),
d3-GHR (lane 1), fl-GHR (lane 2), and fld3-GHR (lane 3).
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After surgery
After surgery, GH and IGF-I levels were decreased in all pa-

tients regardless of the haplotype (Fig. 2A). However, GH levels
were significantly (P � 0.04) lower in the patients who were
carriers of d3-GHR isoform as compared with the homozygous
fl-GHR group, without any significant (P � 0.22) differences in
serum IGF-I SDS values (Table 2).

After neurosurgery, 67 (79.8%) patients showed concordant
serum GH and IGF-I values, whereas discordant values (i.e.
“safe” GH values and high IGF-I SDS values in all discordant
cases) were observed in 17 patients (20.2%), the prevalence be-
ing significantly higher in the carriers of d3-GHR as compared
with flfl haplotype (30 vs. 11.4%; �2, 4.5; P � 0.03). Overall, 12
of 17 (70.6%) discordant patients and 28 of 67 (41.8%) con-
cordant patients were carriers of the d3-GHR (Table 3).

After medical treatment
After SSA treatment, IGF-I levels were decreased in all pa-

tients (P � 0.001 vs. after neurosurgery values) (Fig. 2B), also
independently of GHR haplotype groups, and similar IGF-I lev-
els were found in the two groups (P � 0.8). A trend toward lower
GH levels (P � 0.2) was again observed in the d3-GHR carriers
compared with the fl-GHR group (Fig. 2B and Table 2).

Fifty-six patients had concordant serum GH and IGF-I values,
whereas discordant values were observed in 28 patients (Table 3).
Twenty-six (30.9%) patients had “safe” GH and high IGF-I SDS
values, whereas in two (2.4%) discordant patients, serum GH val-
ues were high with normal serum IGF-I SDS. The prevalence of
discordant safe GH and high IGF-I values was significantly higher
in the carriers of d3 haplotype as compared with flfl haplotype (45
vs.18.2%; �2,6.4;P�0.01).Overall, 18of26 (69.2%)discordant
patients and 22 of 56 (39.3%) concordant patients were carriers of
d3-haplotype (Table 3). Of the 17 patients with discordant GH and
IGF-I levels after neurosurgery, five became concordant, whereas
12maintaineddiscordantvaluesafterSSAtreatment.Moreover,14
patients with concordant GH and IGF-I values after neurosurgery
became discordant after SSAs. The GHR haplotype was not signif-
icantly correlated with the change in GH-IGF-I concordance after
SSAs treatment (data not shown).

Correlations
The relationship between serum GH concentrations and IGF-I

SDS concentrations in the three groups at baseline, after surgery,
and after medical treatment is shown in Fig. 3. Similar correlations
were found with presurgical data in the two groups. After surgery
and medical treatment, the curves were shifted to the left in the d3
carriers with a significant change in the slope with respect to the
fl-GHR group. In fact, at any given serum IGF-I concentration,
serum GH concentrations were lower in carriers of the d3-GHR
compared with patients carrying only the fl-GHR isoform. In ad-
dition, for a given GH concentration, carriers of the d3-GHR had
higher IGF-I concentrations compared with carriers of the fl-GHR.

Multivariate analysis
Logistic regression analysis demonstrated that d3 haplotype

maintained the significant correlation with discordant GH and
IGF-I values (i.e. “safe” GH with and high IGF-I SDS values)
either after neurosurgery [odds ratio, 4.4; 95% confidence in-
terval (CI), 1.2–16.3; P � 0.03] or after SSA treatment (odds
ratio, 3.7; 95% CI, 1.2–11.0; P � 0.01) independently of age,
sex, duration of acromegaly, serum GH, and IGF- I values either
at diagnosis of acromegaly or after neurosurgery (Table 4).

Discussion

Our results show that patients with acromegaly carrying the d3-
GHR isoform were likely to have posttreatment GH values lower
than those carrying the homozygous fl isoform. Moreover, most of
the patients showing elevated IGF-I levels in the presence of appar-
ently normalized GH posttreatment values were carriers of at least
one d3 allele. Our data suggest that a possible explanation for these
findings is the higher sensitivity of the d3-GHR isoform.

Classical studies reported standardized mortality rates in pa-
tients with acromegaly to be 1.6–3.3; recent studies reported the
rate to be lower, ranging from 1.3–1.8. However, when disease
activity is controlled, the relative mortality risk in acromegaly is
normalized. Assessment of biochemical activity of acromegaly is,
however,notalwaysunequivocal. Infact,circulatingGHlevelsmay

TABLE 3. Outcome of acromegalic patients and prevalence of discordance between GH and IGF-I, according to GHR haplotypes

Total
patients flfl

d3-carriers

fld3 d3d3 fld3�d3d3

No. of patients 84 44 25 15 40
After neurosurgery

Concordant active acromegalic patients 67 (79.8) 39 (88.6) 17 (68) 11 (73.3) 28 (70)
Discordant active acromegalic

patients
17 (20.2) 5 (11.4) 8 (32) 4 (26.7) 12 (30)a

Discordant controlled acromegalic patients
After SSAs

Concordant controlled acromegalic
patients

45 (53.6) 24 (54.5) 12 (48) 9 (60) 21 (52.5)

Concordant active acromegalic patients 11 (13.1) 10 (22.8) 1 (4) 1 (2.5)
Discordant active acromegalic patients 26 (30.9) 8 (18.2) 12 (48) 6 (40) 18 (45)a

Discordant controlled acromegalic
patients

2 (2.4) 2 (4.5)

Data represent number or number (percent).
a P � 0.05 vs. flfl.
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often overlap in normal subjects and patients with active
and controlled acromegaly, due to the pulsatile physio-
logical nature of GH secretion and to the short half-life of
GH in plasma (32). Therefore, both dynamic testing
of GH secretion (21, 33, 34) and particularly the assay of
GH-dependent proteins, primarily IGF-I, has progres-
sively integrated GH assay for biochemical assessment of
acromegaly. IGF-I is a prevalently GH-regulated peptide
that mediates most growth-promoting and anabolic GH
actions (35–37) and is stable over time due to the
nonpulsatile nature of secretion. Moreover, IGF-I
levels correlatewellwith serumGHvalues inhealthyand
acromegalic subjects (38–46).Because thedecisionofad-
ministering further treatment after first line surgery is
mainly based on biochemical evaluation of the disease,
several consensus reports and clinical studies (21, 47, 48)
consistently recommended the use of binary criteria (i.e.
normalization of both GH and IGF-I) to assess acromeg-
aly control, due to different physiology of GH and IGF-I,
pitfalls, and variability of both GH and IGF-I assay. On
theotherhand, in the last fewyears, it has clearly emerged
that in many acromegalic patients (up to 35% in some
recent reports) (22–24, 49), a discrepancy may occur
between what are defined as “normal” levels of GH
and IGF-I.

Dos Santos et al. (8) first reported that a common
polymorphism of the GHR gene was associated with in-
creased responsiveness to exogenous GH. Subsequent re-
ports confirmed these findings in children carrying the
d3-GHR allele with short stature and Turner syndrome
(9, 10), although other authors did not observe any dif-
ferences in the response to exogenous GH based on the
GHR polymorphism (11–13). Recently, it has been re-
ported that carriers of at least one d3 allele were slightly
less than 50% of both normal and acromegalic subjects
(14).Moreover, lowerGHvalueswithsimilar IGF-I levels
in d3-GHR carriers vs. homozygous fl-GHR were found
in untreated acromegalic patients (14). Inasmuch, d3-
GHR polymorphism was recently found to be asso-
ciated in acromegaly with a disease clinically more
severe and difficult to control (15). These findings
confirmed the existence of a subpopulation of acro-
megalic patients with a “more sensitive” GHR.

Our working hypothesis was that in the presence of
increased GH sensitivity, some patients with d3 polymor-
phism may present normal GH values, despite persis-
tently elevated IGF-I levels, thereby explaining, at least in
part, the commonly reported high prevalence of “so
called” discrepant GH and IGF-I values. To this end, we
studied a large cohort of acromegalic patients with still
elevated IGF-I levels after neurosurgery, assuming that
thesepatients still hadactivedisease.Obviously, it cannot
be excluded, even if it is unlikely, that endocrine (i.e. in-
sulin resistance) or technical (accuracy of IGF-I assay)
factors may have influenced patient selection. Prevalence
of d3-GHR polymorphism accounted for the 45% of
our entire population, similar to what was previously

FIG. 2. A, Individual GH levels of 84 acromegalic patients at diagnosis and after
neurosurgery according to GHR haplotypes. The horizontal dotted line represents the
GH level of 2 ng/ml. All patients had elevated IGF-I levels for sex and age after surgery.
B, Individual GH levels of 84 acromegalic patients after neurosurgery treated with SSAs,
according to GHR haplotypes. The horizontal dotted line represents the GH level of
2 ng/ml. F, Patients with still elevated IGF-I; E, patients with normalized IGF-I after
SSAs.
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reported in normal subjects as well as in smaller groups of
acromegalic subjects (14, 31).

Interestingly, the presence of the d3 allele did not seem to cor-
relate with any baseline clinical, anthropometric, and biochemical
features of the subjects. This is in contrast with the only two reports
published so far on GHR polymorphism in acromegaly, which sug-

gested lower GH levels as well as more aggressive disease in d3
carriers (14, 15). This may be due in our large population to the
presence of very high GH levels in some patients, which may have
masked the different sensitivity of the receptor, although in our
series a trend toward lower GH levels in the d3 carriers was also
observed. Moreover, our study design did not enable us to confirm
the finding of a more aggressive disease in d3-GHR carriers because
only patients with elevated IGF-I after surgery were enrolled. How-
ever, our data demonstrated that the presence of d3 polymorphism
was able to heavily influence the biochemical response in acromeg-
aly to surgical treatment. In fact, d3 carriers did show significantly
lower GH levels with respect to the subjects with the flfl-GHR,
despite the presence of similar circulating IGF-I levels. This finding
is in line with the hypothesis that, in the presence of GH levels closer
to normal, different sensitivity of the GH receptor may be un-
masked. Our data showed that, in line with previous reports,
around 20% of the patients with high IGF-I levels after surgery had
GHlevels thataccording toworldwideconsensusmaybedefinedas
“normal.” Interestingly, 70% of these patients were carriers of the
d3 allele, which suggests that even very low GH levels may retain
significant biological activity in the presence of a “supersensitive”
GHR. Clinically, this means that, at least in a subset of acromegalic
patients, GH levels could not be a useful marker of disease activity.
As a matter of fact, presurgically assessing the presence of d3 iso-
forms may allow an easier revaluation after surgery based only
upon IGF-I assay. What are the findings that did not fit with this
hypothesis? First of all, the majority of the d3-GHR patients did
showconcordantGHandIGF-I levels.Thismaymean,evenamong
d3-GHR carriers, different sensitivity of GHR due to unknown
factors, or, more likely, differences in GH sensitivity being evident

FIG. 3. The relationship between serum GH and IGF-I (SDS) in our patients
according to GHR haplotypes at diagnosis (upper panel), after neurosurgery
(middle panel), and after SSAs (lower panel). IGF-I levels are plotted as a function
of GH levels for flfl carriers (F; solid line) and d3 carriers (‚; dotted line).
Regression coefficient (r) and P value are given in key.

TABLE 4. Results of logistic regression analysis using GH-IGF-I
discordance as dependent variable and d3 haplotype, age, sex,
duration of disease, GH and IGF-I values at diagnosis of
acromegaly as covariates

Odds ratio (95% CI) P values

Discordant GH and IGF-I values
after neurosurgery

d3 haplotype 4.4 (1.2–16.3) 0.03
Age 0.95 (0.91–1.2) 0.10
Sex 1.8 (0.55–6.2) 0.32
Duration of acromegaly 0.9 (0.80–1.13) 0.48
GH values at diagnosis 0.99 (0.96–1.03) 0.73
IGF-I values at diagnosis 0.99 (0.98–1.0) 0.06

Discordant GH and IGF-I values
after SSAs

d3 haplotype 3.7 (1.2–11.0) 0.02
Age 1.0 (0.96–1.05) 0.69
Sex 1.2 (0.4–3.6) 0.67
Duration of acromegaly 0.96 (0.84–1.1) 0.49
GH values at diagnosis 1.0 (0.98–1.03) 0.86
IGF-I values at diagnosis 1.0 (0.98–1.0) 0.92
GH values after

neurosurgery
0.92 (0.82–1.0) 0.21

IGF-I values after
neurosurgery

1.0 (0.99–1.0) 0.14

The analysis was performed at two different time-points of follow-up, i.e. after
neurosurgery and after 6 months of SSA treatment. At this latter time-point,
serum GH and IGF-I values after neurosurgery also served as covariates.
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only with values very close to normal and definitely that those are
the cases in which decision making is more difficult. Moreover, we
found a few subjects, without the d3-GHR isoform, who showed
discrepant GH and IGF-I levels; interestingly, after surgery all these
patients had GH levels above 1.5 ng/ml, oppositely to d3-GHR
carriers who reached GH levels of 0.5 ng/ml. This may mean that
in the two subpopulations biochemical discrepancy may be related
to different factors, e.g. variability of GH assay, as previously re-
ported (50), in fl-GHRpatientsandenhancedGHRsensitivity ind3
carriers. Thus, based on our data, a cutoff of 1.5 ng/ml in the GH
day curve would be consistent with discrepant values not likely due
to assay-linked determinants.

All patients in our study, due to persistently elevated IGF-I, were
given SSAs after neurosurgery. In our series, SSAs were able to
control both GH and IGF-I in more than 50% of the patients,
whereas as expected 11 patients showed persistently elevated GH
and IGF-I levels (51). Interestingly, only one of these patients was
d3-GHR, and this would seem in contrast with data recently re-
ported suggesting that d3-GHR carriers may have a lower chance
of IGF-I normalization with SSAs. However, interestingly, as after
surgery, around 70% of patients with normal GH and high IGF-I
were d3 carriers. The observation that almost 40% of patients car-
rying the d3-GHR allele showed discordant GH and IGF-I findings
after SSAs is consistent with the hypothesis that lowering of GH
levels after medical therapy may contribute further to the unmask-
ing of GHR supersensitivity. These data suggest that particularly
under medical treatment with SSAs, usefulness of binary criteria
may be heavily challenged almost exclusively in patients carrying
the d3-GHR isoform. Confirming this view, we also observed, as
already reported in the literature (23), two patients that, under
SSAs, showed normalized IGF-I with persistently elevated GH lev-
els.This finding,whichagaincouldbe interpreted in the lightofGH
assay variability, was associated with the fl-GHR, i.e. with pre-
sumed normal sensitivity to GH. Logistic regression analysis
showed that the only predicting factor for biochemical discrepancy
was the d3 allele. On the other hand, the d3 allele contributed in-
dependently to low GH levels after surgery together with presur-
gical GH levels. These findings confirm the clinical relevance of the
determination of the d3 isoform in acromegaly, which can become
one major predictor of biochemical treatment outcome of the dis-
ease. Moreover, they confirm the hypothesis of a modest value of
GH assay after surgery and SSAs in d3-GHR carriers. In the current
absence of known adjunctive factors able to predict discrepant be-
havior among d3 carriers, we suggest that based on our findings,
evaluation of the d3 isoform could be part of the baseline charac-
terization of the disease. We also propose very careful biochemical
follow-up in d3 carriers, as well as, if our data will be confirmed,
that normal ranges for IGF-I and particularly for GH should be
obtained in d3-GHR acromegalic carriers.

In conclusion, we have described for the first time a clinically
relevant impact of the polymorphism of the GHR on the post-
treatment biochemical assessment of acromegaly. Increased sen-
sitivity of the d3-GHR may be an independent predictor of GH
and IGF-I discrepancy. Further studies are needed to characterize
the GHR to find adjunctive characteristics strictly correlated
with its supersensitivity and more strongly predictive in the d3
population of biochemical discrepancy.
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