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Abstract

Context: Outcome of acromegaly surgery is assessed by IGF-1 and glucose-suppressed GH, but
whether the latter provide additional clinically relevant information when IGF-1 is normal is
unclear. The role of GH suppression testing after surgery requires clarification.

Methods: We studied 97 acromegaly patients with normal IGF-1 after surgery by measuring GH
after oral glucose longitudinally, initially at = 3 months after surgery and repeated one or more
times = 1 year later. Nadir GH was categorized as normal or abnormal relative to the 97.5th
percentile of nadir GH in 100 healthy subjects, which were < 0.14 pg/L (DSL IRMA) or £ 0.15
ug/L(IDS iSYS). Signs and symptoms scores and insulin resistance were followed longitudinally.

Results: Of 68 patients with initial normal GH suppression 63(93%) remained in remission and
of 29 with initial abnormal GH suppression, 9(31%) recurred. Recurrence was more common in
patients with abnormal suppression (£<0.001). A total of 14 patients recurred, including 5 with
normal GH suppression progressing to abnormal and then recurrence. Overall, serial signs and
symptoms and insulin resistance assessments did not identify patients with abnormal suppression
or recurrence.

Conclusion: Risk of recurrence after surgery is increased for patients with a normal IGF-1 level,
but abnormal GH suppression. We newly find, using both our and others’ cut-offs, that while
normal suppression predicts long-term remission in most patients, some can progress from normal
to abnormal suppression and then recurrence after many years of follow up. Nadir GH levels are of
prognostic value in acromegaly patients with normal IGF-1 levels after surgery.
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INTRODUCTION

The initiating biochemical abnormality of acromegaly is GH hypersecretion from a pituitary
tumor. Traditional testing aimed to document the presence or absence of GH excess for
diagnosing or excluding acromegaly, respectively. Biochemical confirmation of remission
after surgery can include demonstration of normal GH suppression after oral glucose (1). A
key component of the modern biochemical assessment of acromegaly is Insulin-like growth
factor 1 (IGF-1) measurement. This reflects overall GH secretion, is an excellent disease
marker and its normalization correlates with that of metabolic and other parameters as well
as mortality rate in acromegaly (2-4). Most recent guidelines consider IGF-1 normalization
to be the primary criterion for establishing remission (5) and find a less clear role for the
routine use of glucose-suppressed GH levels in the monitoring of postoperative patients.
Others have found immediate postoperative GH levels to be most predictive of long-term
surgical outcome(6). Changing GH assay senstivity and specificity (7-16) and lack of GH
assay harmonization (17,18), have resulted in debate over what nadir GH cut-off best
signifies remission (19,20). The role of oral glucose GH suppression testing in the
postoperative evaluation requires clarification.

We previously identified that some patients with normal IGF-1 levels after surgery do, while
others do not, suppress their GH levels after oral glucose into the range of healthy subjects.
The short-term follow up of 49 patients with normal IGF-1 levels, abnormal GH suppression
and other evidence of higher circulating GH levels than patients with normal GH
suppression, suggested that recurrence was more common in those with abnormal than
normal GH suppression (21). Three other studies, however, did not find a higher recurrence
rate in this group (22—24). In order to define the role of glucose-suppressed GH levels in the
evaluation of patients after surgery, we undertook a long-term biochemical and clinical
follow up of 97 patients who had initial biochemical remission defined by IGF-1
normalization after surgery. We aimed to determine, using state of the art, clinically
available GH and IGF-1 assays, whether IGF-1 normalization alone fully informs disease
status in acromegaly or if GH levels after oral glucose provide additional prognostic or
clinically significant information relevant to the long-term outcome of surgically treated
patients.

MATERIALS AND METHODS

Acromegaly Subjects

Subjects were selected from among those enrolled in our prospective acromegaly cohort
study since 1996. The cohort study is open to all acromegaly patients including those newly
diagnosed or treated with surgery or other medical therapy. Patients joined the study before
surgery or at different time points after surgery or during other therapies, and were followed
prospectively from the time of study enrollment. Patients participated in one or more study
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visits that include completion of history and signs and symptoms questionnaires, physical
examination and measurement of GH(fasting and/or OGTT) and IGF-1 levels. All had
preoperative confirmation of acromegaly as defined by clinical signs and symptoms, an
elevated serum IGF-1 level and lack of GH suppression based on criteria appropriate for the
assay used at the time of diagnosis (GH > 2 pug/L using an RIA and > 1 pg/L with a modern
IRMA or chemiluminescent assay). All had transsphenoidal surgery and pathological
confirmation of a pituitary tumor positive for GH on immunohistochemical (IHC) staining.
For the current study, we screened the cohort for patients meeting the following criteria: 1)
normalization of IGF-1 level (for at least 15 months) after surgery as the only therapy, 2) GH
levels measured by 1 of 2 sensitive, specific assays (see methods) during at least 2 OGTTSs,
the first (initial) being perfomed = 3 months after surgery and the second at least 1 year later,
3) no additional acromegaly therapy prior to surgery or during the period of observation
reported in this study, 4) no diabetes mellitus at initial or follow up testing. Our study
included all consecutive patients meeting all of these criteria and excluded any who did not
meet 1 or more of them. Those excluded included 12 patients who were followed for < 15
months and did not have a 2nd OGTT = 1 year after the 1st; one of whom developed a
persistently elevated IGF-1 level at 6 months of follow up. Premenopausal acromegaly
women were studied in the early follicular phase of the menstrual cycle (days 1-5). The
study cohort included 40 patients from our prior report (21) who met these entry criteria.
The current study includes 364.5 new person-years of follow up data on these 40 patients in
addition to the 203.7 person-years of follow up data reported previously. Twenty-six patients
had 2 OGTTs, 30 had 3, 15 had 4, 11 had 5, 5 had 6, 4 had 7, 4 had 8 and 2 patients had 9
OGTTs. The final study cohort consisted of 97 acromegaly patients, 54 males and 43
females.

Healthy Subjects

Forty-six healthy subjects (26 M, 20 F; median age 38 yr. (range 19-71 yr.), median BMI
23.4 kg/m?(range 18.3-34.5 kg/m?) had a 100 gm OGTT performed and GH was measured
by DSL IRMA as previously reported (14,21). Fifty-four healthy subjects (34 M, 20 F;
median age 39 yr.(range 20-66 yr.); median BMI 24.4 kg/m? (range 18.3-34.5 kg/m?) had a
75 gm OGTT performed and GH was measured IDS-iSY'S assay. Premenopausal healthy
women were studied in the early follicular phase of the menstrual cycle (days 1-5). No
females were taking oral contraceptives or estrogen therapy.

Study Procedures

At each visit, acromegaly patients had an OGTT, physical examination (including body
weight and height) and completed history and signs and symptoms questionnaires. For the
OGTT, after an overnight fast, while seated, blood was sampled at baseline (fasting) and
then at 60, 90 and 120 minutes after drinking 75 or 100 g dextrose (Trutol 100%), which
equivalently suppress GH (25). Blood was clotted at room temperature, then centrifuged and
the serum was frozen at —80°C in multiple aliquots. Samples from all time points were
assayed for GH in the same assay and in duplicate. Fasting blood samples were assayed for
IGF-1 and in 65 patients at 252 time points also for insulin and glucose levels, from which
HOMA and QUICKI scores were calculated. Eighty-six patients, 56 at 3 or more visits and
30 at 2 visits, completed a total of 328 signs and symptoms questionnaires on which they
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rated their Headache, Perspiration, Joint Pain, Fatigue, Hand/Feet Puffiness, Snoring and
Overall Health Status on a scale from 0 being best to 8 being worst (26-28). A composite
score (sum of other 7 scores) was calculated for each.

Hormone Assays

Growth Hormone was measured from 1996 to 2009 with a 2 site, 22K GH specific
immunoradiometric assay (IRMA)(Diagnostic Systems Laboratories (DSL)(Webster, Texas,
USA) that was calibrated to World Health Organization (WHO) International Reference
Standard (IRS) 88/624 and had an intra-assay coefficient of variation (CV) of 3.1% and
inter-assay CV of 5.9% (9). All subsequent GH samples were assayed by a 2-site, 22K GH
specific chemiluminescence immunoassay (IDS-iSY'S, Immunodiagnostic Systems, Tyne &
Ware, UK) calibrated to IRS 98/574 (10,29) that has an intra-assay CV of 2%—-4% and inter-
assay CV of 5%—-7% at GH concentrations between 1.7 and 27.5 pg/L. Assay sensitivity for
both assays in our laboratory is 0.05 pg/L. GH levels were measured in 44 patients by DSL
IRMA or by IDS-iSYS assays at different times in their follow up, in 37 patients by DSL
IRMA only and in 16 patients by IDS-iSYS only. Insulin-like growth factor-1 (IGF-I) was
measured by 3 different assays over time. IGF-1 was measured from 1996 to 2005 by
polyclonal RIA from Nichols Institute (San Juan Capistrano, CA) calibrated to WHO 1st
International Reference Reagent 1988, IGF-1 87/518 that had a intra-assay CV of 4%, and
inter-assay CV of 11%(21), from 2005-2016 by chemiluminescent immunoassay
IMMULITE(Siemens), calibrated to WHO IRR NIBSC code 87/518 that has an intra-assay
CV of 4% and inter-assay CV of 5.9% and from 2016-2020 by chemiluminescent
immunoassay (IDS-iSYS) that is calibrated to the new recombinant standard 02/254 (30)
and has an intra-assay CV of 1.3%-3.7% and inter-assay CV of 3.4%-8.7%. IGF-1 levels
were compared to manufacturers’ age and gender (for IDS-iSYS) specific normative ranges
for each assay. Insulin was measured by IMMULITE (Siemens) and glucose by the
hexokinase method.

Statistical Analysis

Acromegaly remission was defined as IGF-1 level < the upper limit of the age-adjusted
normal range (< 1X ULN). Nadir GH was defined as the lowest value at any time point
before or after oral glucose administration. Acromegaly patients’ nadir GH levels were
categorized as normal or abnormal relative to the upper limit of normal as defined by the
97.5th percentile of the healthy subjects” mean nadir GH levels which was 0.14 pg/L (0.08
+ .03 pg/L (mean £ SD); range 0.05 — 0.13 ug/L)(9,14,21) with the DSL assay and 0.15 pg/L
(0.07 £ 0.04 pg/L (mean + SD); range 0.05 — 0.21 pg/L) with the IDS-iSYS assay. For our
primary analysis we compared each GH nadir to its assay-specific normal range. We also
assessed the comparability of GH levels measured by the DSL IRMA and IDS-iSYS assays
by correlation and Bland Altman Analysis. For this, we remeasured 183 previously
unassayed aliquots of GH samples that had been measured by DSL IRMA and had been
stored in a —80 freezer, with the IDS-iSY'S assay. GH levels measured with the two assays
correlated highly (r=.947, Pearson’s) and Bland Altman showed a IDS to DSL BIAS of
0.0649, SD of the bias .255, (95% CI of agreement (-.4353 to 0.5651)). Since there was a
moderate level of agreement between the assays and nadir GH levels in healthy subjects
were very similar with the two assays, we conducted a secondary analysis of our data in
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comparison to normative data developed by others for the IDS-iSYS assay (10). For this, we
used the criteria of normal GH suppression in males and pre and postmenopausal females as
< 0.4 pg/L for patients with BMI < 25 kg/m? and < 0.2 pg/L for patients with BMI > 25
kg/m2. We compared the proportions of patients who recurred, males and females, types of
gonadal function among groups and IGF-1 assay type used among discordant GH/IGF-1
tests by Fishers Exact Test with Bonferroni correction as needed. Mann Whitney test was
used to compare continuous variables between groups and the Kruskal-Wallis test or
ANOVA to test for group differences in follow up periods, BMI, age and IGF-1 levels
relative to the upper limit of normal, with Bonferroni correction as needed. Receiver
operating characteristic (ROC) analysis was conducted on the spectrum of initial nadir and
fasting (random) GH levels to define the optimal cut point for each measure my maximizing
Youden’s index and ROC AUC was calculated. Change over time in signs and symptoms
scores and insulin sensitivity indices were analyzed by the generalized estimation equation
(GEE) with linear link and working independence correlation structure. This analysis was
planned for >20 years duration of the cohort study and when median follow up of subjects
meeting inclusion criteria was > 8 years. Data were analyzed by Prism 8 for MAC and SAS
9.4 (SAS Institute, Cary, NC), and Pvalues less than 0.05 were considered statistically
significant.

Acromegaly Patient Characterization by Normal and Abnormal GH Suppression

Acromegaly patients were categorized based on their nadir GH level being normal (less than
or equal to the healthy subjects’ upper limit) or abnormal (greater than the healthy subjects’
upper limit) on initial testing as well as being normal or abnormal on follow up based on
their most recent OGTT. Table 1 shows the characteristics of the cohort overall and the
acromegaly patient groups (A through E) defined by initial and patterns of change in GH
suppression at last follow up or until IGF-1 became elevated (i.e. recurrence).

On initial testing, 68 patients had normal GH suppression. In follow up, GH suppression
remained normal in 54 (Table 1, Group A) and became abnormal in 14, of which 5
developed abnormal suppression and then a recurrence (Table 1, Group C). Of the 68
patients with initial normal GH suppression, 63 (93%) had a long-term persistent remission.
On initial testing, 29 patients had abnormal GH suppression. In follow up, suppression
normalized in 4 (Table 1, Group E), remained abnormal in 25 (Groups D, F) and 9/29 with
initial abnormal suppression developed a recurrence after a median of 4.5 yr. (range 2.8-24
yr.) of follow up. Recurrence was significantly more likely in patients with initial testing
showing abnormal GH suppression compared to those with normal GH suppression
(P=.004). While most patients with abnormal GH supppression remained in long-term
remission, recurrence was more likely in patients who had abnormal GH suppression on
initial testing or developing with time, 14/43, than in those with normal GH suppression on
initial testing or developing in follow up 5/72(P<.001). Recurrence remained significantly
more likely in patients with abnormal suppression as measured by either the DSL IRMA
assay (A<.001) or the IDS-iSYS assay (P=.006).
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Overall, in follow up, 83/97(86%) patients remained in remission (normal IGF-1) and
14/97(14%) had a recurrence (elevated IGF-1). We conducted ROC analysis and determined
Youden’s index for the spectrum of nadir GH and random (fasting) GH levels in our cohort.
For dividing recurrent from not recurrent patients, the optimal cut point for nadir GH was
0.14 ug/L (Youden’s index = 1.437), ROC AUC=0.709 (95% CI 0.552-0.865) and for
random GH the optimal cut point was 0.215 pg/L (Youden’s index= 1.410), ROC
AUC=0.669 (95% CI 0.549-0.790). Positive predictive value of nadir GH < 0.14 for
persistent remission was 93%. Follow up period did not differ in the recurrent, 9.4 + 5.9 yr.
(median 9.6 (2.7-21.2)), vs. not recurrent group, 9.2 + 6.7 yr.(median 8.2 (.25-22))(~=.88).
IGF-1 levels showed a trend to be higher at initial testing in the 14 patients who recurred, 64
+ 18.6 % ULN (mean + SD)(%Upper Limit of Normal), than in those who remained in
remission, 55.4 + 22% ULN(P=.08). The proportion of patients exhibiting the abnormal GH
nadir/normal IGF-1 pattern did not differ among the 3 IGF-1 assays used on initial (P=0.52)
or follow up (P=0.14) testing.

For the patients that recurred, detailed OGTT GH, IGF-1 and clinical data are shown in
Table 2 and the supplement to Table 2, including that for the 5 who were previously, briefly
reported (21). IGF-1 levels were confirmed to be elevated in clinical laboratories as shown in
Table 2. Of the 14 patients, 7 had visible tumor regrowth on MRI (including 2 previously
reported) and 3 had surgery that pathologically confirmed a GH positive tumor on IHC
staining. 5 patients with initial normal suppression progressed through abnormal suppression
at 1-6 years of follow up and subsequently developed an elevated IGF-1 level, ie. a
recurrence, at a median of 13 yr (range 2.25-18 years of follow up)(Table 2, Subjects #1-5).
None had a history of multiple endocrine tumors. Clinical signs and symptoms, insulin
resistance, ring size or comorbidities did not consistently worsen over time.

Demographic and Anthropometric Determinants of Nadir GH

Age did not differ at initial testing in the normal, 45.3 £ 11.1 yr. (mean + SD)(median 46.4
yr., range 18.7 — 53.4 yr.) vs. abnormal, 45.1 + 13.9 yr. (mean + SD)(median 46.3 yr., range
18.9 -70.6 yr.)(P=0.94), suppression groups overall or among Groups A-F (Table 1). There
was a trend for more males in the normal (64% males vs. 36% females) than abnormal
(males 43% vs. females 57%)(P=.07) suppression groups. Overall, the normal GH
suppression group had a higher BMI at initial testing, 29.5 + 4.62 kg/m?, compared to that in
the abnormal GH suppression group, BMI 27.2 + 4.03 kg/m?2 (P=.03). BMI was higher in
Group |, 30 £ 4.7 kg/m?, than in Group 11, 26.6 + 3.1 kg/m? (P=.006) and than in Group I,
26.9 + 3.9 kg/m?2, (P=.04)(Table 3).

Signs and Symptoms Scores and Insulin Resistance

We tested for changes in signs and symptoms scores and insulin resistance measures over
time in each Group A-F, but since the number of subjects in some groups was small, we also
performed analyses in 3 new groups that combined groups A-F based on initial and follow
up nadir GH (Table 3). Changes in signs and symptoms scores are shown in Table 3. HOMA
score at the time of initial testing did not differ in the normal, 1.338 + .92, vs. abnormal,
1.231 + .72 (P=0.63), suppression groups and there were no differences in change in insulin
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resistance or sensitivity indices, HOMA score or QUICKI, over time in Groups A-F
separately or in Group I, Il, 11 or in Group Il compared to Group Il (Table 3).

Gonadal Function

Groups did not differ in the proportion of hypogonadal men or in the proportions of women
who were postmenopausal, pre-menopausal hypogonadal, or had varied gonadal function
over the time of follow up (Table 3). Gonadal function varied in 5 women in Group 3(Tables
2,3), but this is unlikely to have contributed to their recurrences since they transitioned from
normal to lower estrogen states, which would have lowered GH levels, but theirs rose. In 2
women, menopause occurred 2 years prior to their recurrences, raising the possibility that
lowering of estrogen levels contributed to the rise in IGF-1 levels, unmasking their
recurrences. In both, however, GH and IGF-1 rose concurrently and 1 had visible tumor
regrowth.

Analysis Using IDS-iSYS Nadir Cut-Offs

We also analyzed our acromegaly patients’ data in relation to the BMI and gender adjusted
normative cut offs for the IDS-iSYS assay established by others (10). We found that 9
patients were reclassified from abnormal to normal GH suppression when applying these
cut-offs; 5 were reclassified on initial testing, 3 on follow up testing and 1 on both initial and
follow up testing. Two patients were reclassified from each of Group E to A, B to A and D
to B and 1 was reclassified from each of D to A, D to E and F to C. Interestingly, this
included 1 of the 14 patients who recurred, who was reclassified on initial testing from
abnormal with our cut off to normal with that of Schilbach et. al.. Using either cut off, the
patient’s GH suppression was abnormal on follow up testing in transition to recurrence
(Table 2, Subject #7). Using the cut offs of Schilbach et. al., recurrence was more common
in those with initial abnormal (8/23) than normal (6/74) GH suppression (P=.004) and in
those with abnormal suppression initially or developing on follow up (14/37) than in those
with normal suppression initially or that developed in follow up (6/77)(~£< .001). Of the 15
patients with normal GH suppression that progressed to abnormal suppression during the
follow up, 6 recurred.

DISCUSSION

The primary findings of this long-term, prospective study are an increased risk of
acromegaly recurrence in patients with abnormal GH suppression after oral glucose, either
initially or developing over time, and a strong association between normal GH suppression
and persistent long-term remission after surgery. These findings, importantly, reinforce our
prior report of an association between disease recurrence and abnormal GH suppression.
Notably, our findings support a role for postoperative OGTT testing that is contrary to
guidelines that recommend reserving measurement of a nadir GH level after oral glucose for
patients with a GH > 1 pg/L after surgery(5). We find that important, prognostic information
can be gained from an OGTT in a patient with a normal IGF-1 level regardless of their
random GH level. Our study also provides novel data that the BMI and gender-adjusted
normative nadir GH cut offs developed for the IDS-iSYS GH assay(10) give similar
prognostic guidance with regard to risk of progression to abnormal suppression and

Pituitary. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Freda et al.

Page 8

recurrence as our cut offs. Since this assay is in widespread clinical use in the US and
Europe, our new data can guide the interpretation of nadir GH levels measured by this assay
for use in long-term monitoring of surgically-treated patients.

Another important, new finding of our study is that progression from normal to abnormal
GH suppression occurs in a sizable, 20% of patients with long-term follow up and this
transition to abnormal suppression can be followed by a recurrence in some patients. While
this study included only 5 recurrences among 14 patients who developed abnormal
suppression, it differs from our prior report in which only 3.3% of those with initially
normal suppression progressed to abnormal suppression and none of them recurred (21).
While we and others have reported the pattern of “discordant” elevated nadir GH and normal
IGF-I levels in 11 to 42% of surgically treated (9,15,31-34), as well as in somatostatin
analog or radiation treated (35,36) patients, to our knowledge, progression from normal
suppression, as defined by our strict criteria, to abnormal suppression and then to recurrence
has not previously been reported. This study’s longer follow up likely enabled this finding.
In surgical series, 7% developed a nadir GH > 1 pg/L (37) and 21% with GH > 0.3 pg/L at 3
months after surgery developed an elevated IGF-1 (31) on follow up, but details about
whether these patients had true recurrences were not provided (31,37). None of our 5
patients who progressed to recurrence from normal GH suppression had evidence of
predisposition to multiple endocrine tumors that might have led to a second, de novo tumor,
but this is possible as is that the recurrence represents regrowth of residual cells of the
original tumor. The latter suggests a much longer time frame for the development of
acromegaly in some patients than previously recognized. Five of our study’s 14 recurrences
occurred > 10 years after surgery. Others have reported recurrences as late as 10 or 12 yr.
after surgery(38). Surgical series, which our study by design was not, report low recurrence
rates of 0-2.4%, using current criteria (39-41), but potentially very long follow up is needed
to identify all recurrences. We did not find better discrimination of long-term outcome with
fasting than OGTT nadir GH and others have found IGF-1 to be a better predictor of long-
term outcome than random GH level (42).

Contrary to our findings, three other studies did not find a higher rate of recurrence in
patients with abnormal nadir GH level after surgery. Feelders et. al., performed serial
OGTTs after surgery in 7 patients with nadir GH of 0.2 ug/L and 2 with nadir GH of 0.5
Hg/L, but none recurred by 12 weeks follow up (22). Limitations of this study were its small
size and short duration of follow up. Ronchi et. el. conducted a cross-sectional study in 40
patients in remission (defined by normal IGF-1) for a median of 14.5 yr. after surgery (23).
GH was measured with a 22K specific assay calibrated to the older, human pituitary
standard 80/505. The upper limit of normal nadir GH was 0.19 pg/L and 52% of patients had
a nadir GH between 0.19 and 1 pg/L. The authors concluded that the pattern of abnormal
GH nadir with normal IGF-1 level does not confer an increased risk of recurrence. In a
subsequent study, using the same GH assay, Ronchi et. al. prospectively studied 40
surgically treated patients (17 of whom also had RT), 16 with normal nadir GH < 0.26 pg/L
and 24 with abnormal nadir GH > 0.26 pg/L(24). IGF-1 was slightly higher in the latter
group. Upon re-evaluation after at least 3 years, median of 6.5 yr., of follow up, GH levels
did not change and none had recurred. Why our findings and those of this study differ is
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unclear, but our follow up was longer and, potentially, differences in GH assays and their
standards played a role in our different findings.

Other data also suggest that abnormal GH suppression despite a normal IGF-1 level is a
marker of mild or early GH excess along the progression to recurrence in some patients. We
previously showed that some patients with abnormal GH suppression have other evidence of
mild GH excess with greater mean GH on hourly sampling and GH response to arginine
stimulation compared to those with normal GH suppression(21). Subtly elevated GH levels
may not uniformly induce high IGF-I levels, potentially due to inter-individual differences in
IGF-1 peripheral synthesis (43). Postoperative persistent thyrotrophin releasing hormone-
induced growth hormone release, in particular among patients with normal GH levels, also
predicted recurrence in patients with acromegaly (38,44). The fact that most patients in our
study with initially normal or abnormal GH suppression continued this pattern over time
after surgery also speaks to this being a true pattern for these patients as well as to the
likelihood that GH neuro-secretory abnormalities, rather than mild excess, are the cause of
abnormal GH suppression in most patients (45,46).

We considered other possible explanations for the abnormal GH suppression/normal IGF-1
pattern. No patients had other conditions associated with abnormal GH suppression (47-52).
Nadir GH levels may be gender dependent (15,16,53,54) being higher in women, in
particular those < 30 years of age, and those on estrogen (16,54). We found only a trend for
more females in the abnormal than normal GH suppression group and no difference in
gonadal function between GH suppression groups in males or females. The small size of
some of our groups, however, may have limited these and some other analyses in this study.
Age at initial testing did not differ in normal and abnormal GH suppression groups in our
study, but age correlated inversely with nadir GH level in some other studies (53,54). Waist
circumference correlated inversely with nadir GH level in one study (54) and higher BMI
was associated with lower nadir GH in others (10,53). Schilbach et. al. found BMI-adjusted
normative nadir GH cut offs to be appropriate for use with the IDS-iSY'S assay(10).
Interestingly, although this study found higher nadir GH levels in younger women, BMI was
ultimately more important to determining normal nadir GH level cut offs, than gender or
menopausal status (10). We found a lower BMI in the abnormal GH suppression group,
suggesting that this may be related to the higher nadir GH levels of some acromegaly
patients. However, lower BMI cannot explain abnormal suppression in those who recurred
and when analyzed in relation to BMI adjusted cut-offs, abnormal GH suppression remained
significantly associated with recurrence and recurrence rates were similar using BMI
adjusted and unadjusted cut-offs. Timing of our postoperative OGTT is unlikely to have
influenced our findings, but that which best predicts long-term outcome is debated. We
chose > 3 months after surgery, in accord with other studies and guidelines (5,55), to avoid
misclassifying patients during the period of early postoperative IGF-1 fluctuations. However,
others found a 1-week postoperative OGTT using a GH cut off of < 1.0 ug/L to have 95%
specificity and 81.7% sensitivity for persistent remission at a mean follow up of 3.8 yr. (6),
which contrasts markedly with our findings. Also, our study focused on GH values for
predicting recurrence rather than strict timing of assessments, since this is often not practical
in clinical practice. Although IGF-1 values were expressed relative to assay-specific normal
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ranges and the proportion of discrepant tests did not differ among assays, our use of 3
different IGF-1 assays is a limitation of our study.

Concurrent monitoring for recurrence of clinical acromegaly as well as GH and IGF-1 levels
is recommended (5,20,56), so we tested whether changes in signs and symptoms score or co-
morbidities paralleled those of GH suppression pattern or biochemical recurrence. While
worsening of clinical symptoms/signs seemed to accompany recurrence in some individual
patients (Table 2), most groups had worsening of some signs or symptoms with concurrent
improvement of others and overall, there was no consistent pattern of worsening of signs and
symptoms associated with progression to abnormal GH suppression or recurrence. In 2 other
smaller studies, signs and symptoms did not differ in normal vs. abnormal GH suppression
groups (23,24) and in another, changes in them and IGF-1 levels during acromegaly
treatment did not correlate (26). We also did not find that changes in HOMA score or
QUICKI index occurred over time in any group of subjects. Even though our study, unlike
others, included >3 serial signs and symptoms or insulin resistance assessments on most
patients, we did not find them to be helpful, overall, in identifying patients with abnormal
suppression or recurrence.

In conclusion, we find normal GH suppression after surgery to be highly predictive of
persistent, long-term remission and although remission persisted in the majority of patients
with abnormal GH suppression, this, either initially or developing with time, was associated
with increased risk of acromegaly recurrence. We also provide novel data, using both our
cut-offs and the IDS-iSY'S, BMI and gender adjusted cut-offs, that some patients who
progress to abnormal suppression recur after many years of follow up, suggesting a much
longer time frame for acromegaly development in some patients. Our findings, therefore,
show that nadir GH levels measured by highly sensitive and specific GH assays 3 or more
months postoperatively provide useful prognostic information of interest to the patient and
physician and have a clinically relevant role in predicting long-term outcomes of acromegaly
patients after surgery.
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Refer to Web version on PubMed Central for supplementary material.
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TABLE 2:
Detailed Endocrine and Clinical Data in the 14 Acromegaly Patients who Recurred.

Growth hormone levels shown in unshaded cells were assayed by IDS-iSYS, grey shaded cells by DSL IRMA
and GH and IGF-1 levels shown in patterned cells were assayed by a commercial laboratory. Patients #1-5
progressed from normal to abnormal suppression and then recurrence. Patients #6—14 progressed from
abnormal suppression to recurrence. SA- Somatostatin Analog; TS- Transsphenoidal Surgery; GH +:;
Pathology showed a tumor + for GH on IHC; EUG - eugonadal; T-testosterone therapy; PM-postmenopausal;
RM - regular menses; IM - Irregular menses; HRT - hormone replacement therapy estradiol patch; TVE -
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topical vaginal estrogen; NR - Nuvaring contraceptive; CTS - carpal tunnel syndrome; OA - osteoarthritis; JP -
Joint Pain; HA- headache; STS - soft tissue swelling; SW- sweating; SN-snoring; F-fatigue.

Tompostie
Pationt m Yoars | igra x | M | tumor on | Therapy | Gonadal | Ring Sione & | HOMA aquicks | Comorbidities
* - v | oy | MR | Given Size IR Score & Symptoms
Seore
7 FaT G 2 3 T | 038 | nin |
M| Ri2 HIN
P a 4 037 | 0458 HIN
P a 78 318|032 HIN
P TN
P GiZ| 1ie 719 | 033 TN
M| o [ 483 | o3 HTN
=, HTN_ SN
[P _ HIN_ 5N
2 Fra6 RM N 56 123 0371
A 24 676 | 0402
FM_HAT| D12 0 125 | 0368
Pl
] s ] © %] (AN ) 2
A 8.4 037 | 0458 ®
] T4 175 | 0351 3P F_8H
; 5 M| O 3 Ti5_| 0315 IP.F.SH
T RS [Vos 10 mim| Ta(Gre] | W
[ Waz a 476 ; EUG 076
718
073
4 162
28 042
38 128
] 210
B EG | X ) TR | 095
G | X 2 s34 | 0300
EUG | iz 76 058 | 04%
EUG T4 Tad_| 062
EUG [¥] 095 | 0367
EUG T [¥] 055 | G4
[ FMTVE| Q2 | N2 | 0 R
PMLTVE [ O
| an iz 561 | oz oA
| aw 18 223 | 033 | OAProOW
E) &) DA_HA
T ™ o0 TIE | 0378 —
| P G99 | 038
A | D12 082 | 0397
I A 0485|0442
08 ate_| oir AM_| W2 155 | 0357
= 5 | 148 ma_| O (1] 417
W[ OWZ| 64 I a1 I
5A - P 144 087 302 JPHA
[ ¥ 957 523 P FHA
] Fig ]
AM Q
RAM =]
M
E) A
) Fi2n ] L 06 | o35 Snoreg
] K ] T4_| 004
] 3 68 25 | 0338
] T [ N ET
] 3 6.8 82 _| 0340 | sN.aw.P
] [
W | Fet WA | P ]
RM_| P12 3 Ga7_| 043 HA
R L B 271 | 0328 | HA CTS. SW
[
TS5[GHY | NR_ | W _
" 51 PM_| P12 | 263 221 | 03® oA
PM M12 Fii L 0.3537 O
PM_ | Wiz | a4 261 | 0331 oA
| or # 355 | 037 oA
M L 2886 an [FF) OA, HA, 5N
SA M| P T FA. 5N
12 [ HG" m T4 087 03?’3
HGT | KiZ 78 220 | 038
HG' | XUZ | 104 213 | 0341
He' | Z 54 049 | 043
HG"
HG" Oh
HG® 36 7 T | OA PreOM
I UG T LI G
EUG 4 442 HTN
EUG L] HTN
EUG F2] £ HIN
EUG 0.8z 307 HIN
| Ws0 Wa | & 10.4 TS | 078
HG™ | S1R
e
WG~ | Rz | 202 672 | 0406
HG™ | T 152
HG- | Rz | 234 [ EE
WG~ | T 2 T8 | osez
T

*
Testosterone levels 180-220 ng/mL range
Aok
Testosterone levels 200-360 ng/mL; IGF-1 X ULN is IGF-1 value times the upper limit of normal

a . .
denotes that GH is a fasting level.

Pituitary. Author manuscript; available in PMC 2022 April 01.



Page 19

Freda et al.

##€ #4€ #¢ #C o € o € wx ¥ e ¥ <7 <7 poLieA
(LyH ou)
abueyd ou € T T abueyd ou T wsipeuobodAH
abueyo (LyH ou)
ou T abueyo ou T abueyo ou z abueyo ou T abueyo ou 4 abueyo ou 8 |esnedouawiisod
abueyd |epeuofng
ou b4 abueyo ou T abueyo ou T abueyd ou 9 sajews
abueyo
ou T abueyd ou abueyo ou T abueyd ou € |epeuoBodAH
9U0.9150158}
abueyo ou T abueyd ou S uo |epeuobng
abueyo abueyo ou T |epeuobng
ou Z abueyd ou 2z abueyd ou / % abueyd ou abueyo ou 12 salelN
uonoung
[epeuoo
(T2 (gL (6L (1L (rs (12 (e8
—-€vs | (65-6T)zTr | -Oov)ees | (LSeedrse | -L2)8T19 | (12-G)v0S | —2e)z'ss -6T)6'2y -96)6'09 | (59-1€)92G | -€€)2'95 | (z2-02)v'Ly | (sBuey) ueipsy
91 €T 79T
FL8Y G2ZTF€8E F61S 60T FSTY F909 YT F L8y 7’2l F6'€S 6'6F STV 9T F¥'LS 9'ST ¥ ¥°0S ZTF€LS VITF6'SP | ASFuesi
dn mojjo4
dn 1se]/sisoubelq
MoJj04 sisoubeig dn mojjo4 sisoubelg dn mojjo4 sisoubelg dn mojjo4 sisoubeig dn mojjo4 sisoubelg dn mojjo4 sisoubelq 1e aby
(4/W) sruenred
H49/N€E 4E/NC H46/W.L d7/NS 42/NZ 46T/INSE Arefswosoy #
padojanap 82ua1andal padojanap |ew.ouqe paurewsaJ |ew.ouge awedsq Jew.ou awedsq dn mojjo}

pue Ajjeniul fewouge
uoissaaddns HO [4]

92U844NJ3. pUe [ewIouUqe
awedaq ‘Ajleiiul fewou
uoissaaddns HO [D]

pue Ajjeniui [ew.ouce
uoissauddns Ho[@]

pue Ajjeniul rewou
uoissaaddns Ho[g]

pue Ajeniul rewouqe
uoissaaddns Ho [3]

uo pue Ajjeniui few.ou
uoissaiddns HO [v]

111 dnoao

11 dnoao

| dnoao

"uonouny [epeuoh Jo adA1 yoea yum (dnoib Jo 94) s108lgns Jo Jaquinu se pauiodal s1 uonouny jepeuos) [4]aouaiindal e padojanap 1eyl Ajjeniul

uoissaiddns HO Jewouge yim dnoub pue [D]aouslinoal e padojansp pue jewlouge aweaaq eyl Ajjeniul fewsou uoissaiddns HO yum dnoib ssuiquiod

- 30Ua1IN23Y T[T dnoiS :[a] dn mojjoy uo pue Ajjeniul uoissaiddns HO fewdoudge yum dnoib pue [g]dn mojjo) uo [ewlouge awedaq eyl Ajfeniul

Jewou uoissaiddns HS yum sdnoub saulquuod - dn mojjo) uo Jewlouqy 11 dnoid ([3]dn mojjo) uo jewou pue Ajjeniul fewJlougde uoissaiddns Ho pue
[w] dn mojjoj uo pue Ajfeniul fewsou uoissaiddns HO yum sdnoub ssuiquiod - dn mojjoy uo [ewIoN T dNoJ9 :0jul paulquiod a1am (T 9jgel) 4 - ¥ sdnoio

"14oyo)D Ajebawoaay ayl ul dn mojjo4 1e pue Bunssl [eniu| uo sa109s swoldwAs pue subis pue uonoun4 [epeuos ‘solydeafowsq

Author Manuscript

‘€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Pituitary. Author manuscript; available in PMC 2022 April 01.



Page 20

sabueyo oN :[4]

*910°0=d (190'0=35)
9yT°0=9 ured Juror
‘T00°0> 1870°0-3S) 890°0-
=g uonelidsiad :[D]

'900°0=d (8£0°0=3S)
€07°0- = g anbied :[O]

"¥00°0 (T81°0=3S)
£25°0=9 ansodwo)
‘200°0-d (2€0°0=3S) 260
0-9 ssauiynd 198)/pueH
"170°0=d (6£0°0=3S)
660°0=y anbieq
'G20°0=d (970'0=3S)
20T°0-9 ured juor :[g]

'¥00°0=d (G.T°0=3S)
805°0=9 ausodwo)
‘v%0°0 =d (08T°0=3S)
€9€°0=9 YHeay ||e1en0
'0£0°0=d (T20°0=3S)
¥ST°0=9 Bunious :[3]

sabueyo oN :[v]

3
-v sdnouo

"

s8] 8ouedyIUBIS

Freda et al.

pue Ajjeniui jewaouqge
uoissasddns HO [4]

32U841NJ3J pUe [ewlouqe
aweoaq ‘Ajjeniul fewou
uoissaiddns HO [D]

pue Ajjeniui jewouge
uoissaaddns HO[A]

pue Ajfeniul jew.aou
uoissaaddns Ho[g]

pue Ajjeinui jewJaouqe
uoissasddns HO [3]

LE°6+F 89°0T G99 9T'TT (a4 eT'L 6L6%F €6
LTT F8ET ¥56'8 7€9%969 L99F TT'TT F9.°CT F200T FGET CTYFVLET 9T'1T +2911 ansodwod
vre ¥8'T 18T
F19¢C 68 T+6V¢C F56'T 9eT+¢ST 6GT+E0C | LOT+9TC | €8T+86T 6TFVV TETFLVE F6C°¢C LLTF6TC | YesH |[e48n0
98T 90¢ €6'T
F€T 8T'¢¥ /6T FEET G8'0+ 160 €L+ TC STAE E0CFWT €T+881T L0T+98T +89'1 €€'CF+9¢¢C Bunious
12T V9T €8'T ssaulynd
F€L0 8L TFLT ¥8.0 GLTF9L0 6E'TFSG80 CCCFST C0CFLLO | TECFEET 0 F8C'T ¢STFGGT | 1894 pue pueH
S0¢ [4%?
FILT GE'TFG6C F.90 TOZF9T'T 68'TFS0C 6Y'CF8T TETFES'T €8'CFTC €2'7F8C 82¢F1€C | vZeFvee | anbney
69'¢C wT 6LT
F6¢C 25'CF18°C F.97T €9'TF680 Y8TF19T GGCFET LV'CFL6'T FSPC ETFLLT 62CFTC GE'CF /8T | uredjuior
A" 18T
FE0'T LYTF99T F.97T 26'0F6L0 €0CFTLT €0CFTC BTFOT 6TFCT VAN AT 8STFTT 8LT*CT uonesidsiad
€87 2971 ST
FrT 6CTFVCT 680 86T+G0T LLTFEVT G8CF6T E6TFITT 1¥G60 LTCFYT'T F20T Y. TFCTT | 8yoepesH
$3100S
swoldwAs
pue subis
| pue || sdnoiS usamiaq 1o ||| 10 || pue T dnoJS usamiag uonoduny [epeuoh parieA Yim 1o OH ‘IAd 219M OYM UsWOM Jo uoiiodoid Ul 9oUaIaidIp ON :USWOA 18189
‘111 pue | sdnolo usamiag Jo ||| Jo || pue T dnols) usamiag usw [epeuoBbodAy jo uoiiodold ul adualayip ON :USIN aouealiubis
dn mojjo4
dn 1se/sisoubeiq
MOJ|04 sisoubelq dn mojjo4 sisoubeiq sisoubeiq dn mojjo4 sisoubelq dn mojjo4 sisoubelq dn mojjo4 sisoubeiq 1e aby
(4/) swisned
49/INE 4€/NC 46/NL 4%/INS 42/NZ 46T/INSE AreBawoloy #
padojanap sousandal padoanap |ewaouqe paulewal |ewiouqe swedsq |ew.Iou awesaq dn mojjoy

uo pue Aje1ul jew.ou
uoissaiddns HO [v]

111 dnoio

11 dnoio

| dnouo

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pituitary. Author manuscript; available in PMC 2022 April 01.



Page 21

Freda et al.

“IKZ NI A TT INY (€A g Bureanu “IA 2 INY (2 “IA G INd A & uabonsa Jeulbep Q%%

89Ua.14n231 01 Jowid Tey Jalje Jeak 9 N ‘sieahk 2 INY (2 “IA T INd AT 1MH “IA 2T INY Q%

KL IND AL INY (€A T IND A6 WY (2 "4A 7 IND 1A € INY (T
«

“IAZ ' 1dH ou A9 1MH (T
*

¥¥

x

Ay IND A ST NI (7 4K £ IND “IA 9 INI( € “4A 6 LH ou “Jeah T 10y 1MH (2 A 2 INd A £ 10y NI (T
*

'ds F ues\ ale ereq ‘Adesay Juswiade|dal suowoy - 14H ‘[esnedouswisod-|Ad ‘sesuaw Jejnfai-\| ‘sasuaw Jejnfal - INY

dnoi9 01 pasedwod || dnod ui 4o | ‘1] ‘T dnolo ul 10 Ajsresedas 4- sdnoto ul 3109s [HMDINO 10 VINOH Ul abueyd ul aoualayip Juediyiubis oN :S1sa] aouediiubis
¥0'0 €00 200 Sv0°0 €00 L00 00
+¢.E0 70’0 ¥ 8€°0 +8S€0 70'0F LE0 +.1.E0 +6€0 +8S€0 S0'0F¥6E0 +6€0 700 ¥ 6€°0 S0'0F L€0 +99€0 IMOINO
197 9€'T LET 81025
+GLT G8'0F.ET +98'T 6T+99T 8y 0¥ €CT 690+ 60T TLTF6ET G8'0¥0C'T FYT 76'0F9T'T CLEFEST TV'1+68'T dl VINOH
uosrredwo)
BN
700°0=d (250°0=3S) 0.T°0 =9 :111 0} pasedwiod || 30UBISHIP ON : 111 40 |1 0} pasedwod | ‘I sdnoi9
Alrenpiaipul
6v0°0=d (97T'0=3S) 882°0=9 ST
G00°0=d (£20°0-3S) LL0°0~ =9 :uonelidsiad :111 ausodwo '£€0°0=d (¥¥0'0=3S) ¥60°0=y :uonelidsiad :11 awIMaA0 sabueyd ON 1| ‘I sdno1o
dn mojjo4
dn 1se/sisoubeiq
MOJ|04 sisoubelq dn mojjo4 sisoubeiq dn mojjo4 sisoubeiq dn mojjo4 sisoubelq dn mojjo4 sisoubelq dn mojjo4 sisoubeiq 1e aby
(4/) swisned
49/INE d€/IN¢C d46/INL dv/ING d42/N¢C d46T/INGE AreBawoloy #
padojanap sousandal mocwt:wwgn_ommmmegoc e |ewaouqe paulewsal |ewiouqe swedsq |ew.Iou awesaq dn mojjoy
pue Ajjennui jewaouqge SWe93a ‘A w:_:__ mE‘_oﬂ pue Ajjeniui jewouge pue Ajeniui jewaou pue Ajjeiui jewaouqe uo pue Ajenul jew.ou
uoissasddns HO [4] co_mmm_Ler. Im_u o] uoissaaddns HO[A] uoissaaddns HO[4] uoissasddns HO [3] uoissaiddns HO [v]
111 dno1o 11 dnoio | dnoio

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pituitary. Author manuscript; available in PMC 2022 April 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Acromegaly Subjects
	Healthy Subjects
	Study Procedures
	Hormone Assays
	Statistical Analysis

	RESULTS
	Acromegaly Patient Characterization by Normal and Abnormal GH Suppression
	Demographic and Anthropometric Determinants of Nadir GH
	Signs and Symptoms Scores and Insulin Resistance
	Gonadal Function
	Analysis Using IDS-iSYS Nadir Cut-Offs

	DISCUSSION
	References
	TABLE 1.
	TABLE 2:
	TABLE 3.

