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Abstract. The prevalence of acromegaly is estimated to be 8-24/100,000, but several recent studies suggest it is
underestimated. In particular, acromegaly is considered more prevalent in patients with type 2 diabetes mellitus (T2DM)
than in the normal population. This study aimed to evaluate the prevalence of acromegaly in hospitalized patients with
T2DM. A total of 327 hospitalized patients with T2DM were recruited as subjects. 1f serum insulin-like growth factor 1
(IGF-1) levels were found to be elevated, random GH level was measured or oral glucose tolerance test (OGTT) was
performed. Five patients with elevated serum IGF-1 levels and random GH level or inadequate suppression of GH in the
OGTT underwent pituitary magnetic resonance imaging. Of those patients, pituitary adenoma was detected in 2 patients.
These 2 patients were diagnosed with acromegaly, as they also exhibited mild acromegalic features. Intriguingly, both
these patients exhibited severe macroangiopathy and an absence of microangiopathy. The prevalence of acromegaly in the
hospitalized patients with T2DM in this study was therefore 0.6%, suggesting a higher prevalence than that predicted.
Although a large-scale prospective study is required to clarify the precise prevalence of acromegaly in hospitalized patients
with T2DM, the present study shows that it is useful to screen hospitalized patients with T2DM for acromegaly by

measuring their serum IGF-1 level.

Key words: Acromegaly, Type 2 diabetes, Glucose intolerance, Prevalence

ACROMEGALY is a rare disease characterized by
excess secretion of GH and increase in the level of cir-
culating insulin-like growth factor 1 (IGF-1). The dis-
ease is associated with several morbidities including
cardiovascular diseases [1]. The prevalence of acro-
megaly is estimated to be 8-24/100,000 [2-4]. Owing
to the slow onset and poor familiarity of non-special-
ist physicians with the disease, patients are often diag-
nosed in the advanced stage; therefore, acromegaly
may be underdiagnosed [4-6]. Recent studies also sug-
gest that the prevalence of acromegaly is underesti-
mated. A simple questionnaire given to 17,000 patients
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in primary health-care clinics led to the estimated prev-
alence of acromegaly to be revised to 29/100,000 [7].
In another study, the results of screening of 6,773 adults
from a general primary care population in Germany for
serum IGF-1 levels suggested a prevalence of acro-
megaly as high as 103/100,000 [8].

Excessive secretion of GH in acromegaly induces
insulin resistance [9]. In approximately 55% of the
patients with acromegaly, the disease is complicated by
type 2 diabetes mellitus (T2DM) or impaired glucose tol-
erance (IGT) [10, 11]. On screening 2,270 Caucasian
individuals with T2DM or IGT, GH-producing pituitary
adenoma was detected in 3 patients (132/100,000 indi-
viduals), demonstrating that the prevalence of acromeg-
aly in T2DM patients is higher than that in the normal
population [12]. However, the prevalence of acromegaly
in hospitalized patients with T2DM remains unclarified.

In this study, we analyzed the prevalence of acro-
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megaly in Japanese hospitalized patients with T2DM.
We also investigated the status of micro- and macro-
angiopathy in these patients.

Patients and Methods

Patients

This was a retrospective study. A total of 327 con-
secutive hospitalized patients with T2DM, diagnosed
according to the criteria of the American Diabetes
Association at Kobe University Hospital from April
2010 to March 2013 were analyzed. Generally, the
patients were hospitalized because of poor glycemic
control. Nine patients with pituitary disease or hyper-
thyroidism and 1 pregnant patient were excluded.

Protocol

For screening the patients, serum IGF-1 levels were
measured on the second day after admission and IGF-1
SD score (SDS) were calculated according to the age-
and sex-matched references [13], and if IGF-1 SDS
was elevated, the oral glucose tolerance test (OGTT)
was preformed, when it was considered necessary and
safe. For the OGTT, serum GH levels were measured
at 0, 30, 60, 90, and 120 min. If the OGTT was not
performed, random GH level was measured. Patients
with elevated serum IGF-1 and nadir GH levels >0.4 ng/
mL in the OGTT [14] or random GH level >1.0 ng/mL
further underwent pituitary magnetic resonance imag-
ing (MRI) and were examined by an endocrinologist
to check for the clinical characteristics of acromegaly.
The complications of microangiopathy and macroan-
giopathy were evaluated in these patients as previously
described. Retinopathy was diagnosed using bilateral
digital images by an ophthalmologist, and staged as
non-diabetic, simple, preproliferative, and proliferative
[15]. Nephropathy was assessed by 24-h urine collec-
tion. Microalbuminuria and macroalbuminuria were
diagnosed when the albumin content in the urine col-
lection was more than 30 mg/day and more than 300
mg/day, respectively [16]. Neuropathy was assessed
by reduction of Achilles tendon refiex, inability to sense
vibration, and symptoms of neurological damages, and
diagnosed by either abnormal nerve conduction in two
different peripheral nerves [17], or unequivocally abnor-
mal autonomic test results such as coefficient of varia-
tion in R-R intervals [18], or Shellong test [19]. The
degree of carotid narrowing was assessed by carotid
ultrasonography and the diagnosis of carotid stenosis

was confirmed using carotid magnetic resonance angi-
ography (MRA). Exercise treadmill testing and stress
myocardial scintigraphy were performed to diagnose
ischemic heart disease. The ankle-brachial pressure
index and MRA findings of the peripheral artery were
used to diagnose peripheral arterial disease.

Assays

Serum GH levels were measured by immunoenzy-
mometric assay (Tosoh, Shiba, Japan) and IGF-1 lev-
els, by immunoradiometric assay (Daiichi, Daiichi
Isotope Research, Tokyo, Japan).

Results

We analyzed 317 consecutive hospitalized patients
(184 men and 133 women; mean age, 60.7 + 14.2
years) with T2DM. Acromegaly was not suspected by
the physician who had treated diabetes at admission.
The clinical profile, risk factors for arteriosclerosis, and
diabetic angiopathies of these patients are described
in Table 1. Twenty out of 317 patients (6.3%) exhib-
ited elevated serum IGF-1 levels (Table 2); 6 out of 20
patients (cases 1-4, 6, and 7) underwent OGTT, and 4
patients showed nadir GH level of >0.4 ng/mlL, indicat-
ing inadequate suppression of GH (Table 2). The other
14 patients did not undergo OGTT at the physician’s
discretion but were screened by the random GH level; 2
patients (case 4 and 5) had random GH levels >1.0 ng/
mL. Five patients (cases 1-5, 1.6%) underwent pitu-
itary MRI. Pituitary adenoma was detected in 2 (cases
3 and 4) out of 5 patients (0.6%) (Fig. 1), and the tumor
sizes were 0.7x0.5x0.4cm and 0.6x0.4x0.6¢cm, respec-
tively. At that time, the endocrinologist pointed out the
mild acral changes in the face and extremities in cases
3 and 4. Asaresult, cases 3 and 4 were diagnosed with
acromegaly (Fig. 2). Random GH levels were 0.49 ng/
mkL in case 3, and 1.15 ng/mL in case 4. Colon pol-
yps and left ventricular thickness were detected in case
3. Both of these patients with acromegaly were treated
with cabergoline therapy because of their mildly ele-
vated IGF-1 levels and age.

We examined the extent of micro- and macro-angi-
opathy in these patients. Intriguingly, both of these
patients had no microangiopathy associated with
T2DM; however, these patients had advanced mac-
roangiopathy: carotid artery stenosis, angina pectoris,
and peripheral artery disease (Table 3). In addition to
diabetes, dyslipidemia, and smoking were found to be
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Table 1 Clinical characteristics including risk factors for arteriosclerosis and diabetic angiopathies in the patients with T2DM

Charecterictics and risk factors Ratio or mean + SD Diabetic angiopathies Ratio or mean + SD
Gender (M/F) 184/133 Retinopathy (%) 42
Age (year) 60.7 + 14.2 Simple diabetic retinopathy 18
T2DM duration (year) 11.2+9.8 Preproliferative diabetic retinopathy 9
Body mass index (kg/m?) 269+5.9 Proliferative diabetic retinopathy 15
Fasting plasma glucose (mg/dL) 1344 +449
HbAlc (%) 89+2.0 Creatinine clearance (mL/min) 88.9+£439
Systolic blood pressure (mmHg) 128.1+19.4 Urine albumnin (mg/day) 167.5+£495.0
Diastolic blood pressure (mmHg) 70.7 +£10.1 Urine protein (mg/day) 267.4 £ 698.7
Hypertension with medicine (%) 59 Nephropathy (%) 29
Total serum cholesterol (mg/dL) 181.7 + 48.6 Microalbuminuria >30-299 18
Serum LDL cholesterol (mg/dL) 108.1 £36.4 Macroalbuminuria >300 11
Serum HDL cholesterol (mg/dL) 493+ 145
Serum triglycerides (mg/dL) 158.5+236.6 Neuropathy (%) 37
Dyslipidemia with medicine (%) 48
Smoking (%) 45 Carotid stenosis or stroke (%) 21
GH (ng/mL) 05+1.0 Angina or myocardial infarction (%) 17
IGF-1 (ng/mL) 134.5 = 60.6 Peripheral arterial disease (%) 14
IGF-1 SDS -0.09 = 1.47

Table 2 Clinical features of the patients with elevated IGF-1 levels

No Age  Golder BML HbAlc FPG GH IGF-1 IGF-1 Nadir GH
(years) (kg/m*) (%) (mg/dL) (ng/mL) (ng/mL) (SDS) (ng/mL)
T4 F I8 :- <,0,;~‘13 T 381 ;:   T ™
4 B oM 1
551 F Ll 26
6 65 M 0.22 2.5
7 65 F 7.5 76 0.15 2.3 0.16
8 64 M 10.2 199 0.3 2.1 ND
9 90 M 72 133 0.97 ND ND
10 69 M 7 166 0.28 2.6 ND
11 62 F 10.7 174 0.54 2.4 ND
12 61 M 7.4 106 0.15 2.8 ND
13 74 M 9.3 134 <0.1 3.0 ND
14 62 F 6.4 95 0.17 2.4 ND
15 42 F 11 164 0.33 2.4 ND
16 28 M 6.6 120 0.38 2.2 ND
17 37 F 10.9 195 0.28 2.2 ND
18 71 F 9.1 103 0.17 4.0 ND
19 68 M 8.8 171 0.42 2.3 ND
20 40 F 32.0 11.1 201 0.56 277 2.6 ND

Four patients had nadir GH levels of >0.4 ng/mL on OGTT, and 2 patients showed random GH level >1.0 ng/mL.
ND, not determined



56 Suda ef al.

Case | Case 2

TIWI
Gd

T2WI

Fig. 1 Gd-enhanced pituitary MRI

Case 3

Case 4 Case 5

No abnormalities were found in cases 1, 2, and 5. T2WI shows a low-intensity tumor in the left lobe of the pituitary with a
midline shift of pituitary stalk in case 3. TIWI shows a low-intensity tumor in the right lobe of the pituitary in case 4. The

327 hospitalized patients with T2DM
189 men, 138 women

or hyperthyroidism and

‘l 9 patients with pituitary disease
| pregnant patient excluded |

I
Elevated IGF-1 level
n=20

|

Normal IGF-1 level
n=297

(Random GH or nadir GH on OGTT)

|

Inadequate suppression
n=>5

{

Normal GH
=15

Pituitary MRI

Normal pituitary
n=3

Pituitary tumor
n=2

|
(2 Acromegaly (0.6%))

Fig. 2 Diagnostic work-up of patients with [GF-1 and GH
OGTT, oral glucose tolerance test; MRI, magnetic
resonance imaging

the risk factors for case 3, and dyslipidemia, for case 4
(Table 3).

Discussion

In this study, after screening 317 hospitalized
patients with T2DM, we found that 20 patients (6.3%)
had elevated serum IGF-1 levels. Among these 20
patients, 2 patients (0.6%) had acromegaly, and they
demonstrated severe macrovascular complications but
absence of microangiopathy.

Both acromegaly patients exhibited autonomous GH
secretion, as evidenced by the high nadir GH levels on
OGTT: GH levels 0f 0.41 ng/mL and 0.72 ng/mL. The
reference value of nadir GH of <1.0 ng/mL [20] was
recently revised to <0.4 ng/mL, because of the sensi-
tivity of the diagnostic methods used now [21]. In fact,
normal individuals have nadir GH levels of <0.4 ng/
mL [14], and this level is also considered a criterion for
the resolution of acromegaly [20]. On the other hand,
the levels of nadir GH suggest that the degree of auton-
omous GH secretion and the elevation of IGF-1 were
mild in these patients. In addition, the acromegalic fea-
tures were mild; hence, acromegaly was overlooked in
the differential diagnosis at the admission.

In the present study, random GH levels were mea-
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Table 3 Risk factors and clinical features of angiopathy in the cases 3 and 4

Diabetes

Microangiopathy Macroangiopathy

HbAlc . .~ LDL-C HDL-C TG  Statin
Case Smoking Duration dL dL dL) th Retino- Nephro- Neuro-  Carotid Cardio-  Peripheral
) (year) (mg/dL) (mg/dL) (me/dL) therapy pathy  pathy  pathy artery vascular vascular
Stenosis. * Peripheral
3 8.5 ) 39 58 87 83 (+) ) ) ) of right (). arterial
: carotid artery S disease
638 8 75 29 149 Stoke  Angina  Periphor

4 . - 1 + - - - troke . L~ arteri

- () ) ©) ) Stroke pectoris arterial

Diabetes, hyperlipidemia, and smoking were present in case 3 and diabetes and hyperlipidemia in case 4.

sured in the patients with elevated IGF-1 levels, and 2
out of 20 patients showed random GH levels of >1ng/
mL. Although case 4 showed random GH levels of
>Ing/mL, in case 3, random GH levels were <Ing/mL.
While impaired GH suppression can occur in condi-
tions including chronic renal insufficiency, liver failure,
hyperthyroidism, anorexia nervosa, malnutrition and
adolescence [22], there are patients of active acromegaly
with clearly elevated IGF-1 concentrations with appar-
ently ‘normal’ plasma GH concentrations [23], suggest-
ing that GH concentrations vary depending on condi-
tions. Taken together, it might be useful to screen for
acromegaly by measuring serum GH levels in patients
with T2DM, but it requires further investigation.

IGF-1 levels can be elevated in some adolescents,
patients with hyperthyroidism, and pregnant women
but are rarely elevated in conditions other than acro-
megaly [22]. We excluded these conditions in this
study; finally, 20 out of 317 patients (6.3%) showed
elevated serum IGF-1 levels. It is reasonable that 2.5%
of patients are considered to have elevated IGF-1 lev-
els because of the definition of normal range (SD: =+
2.0); however, the ratio of 6.3% is higher than that pre-
dicted. We performed pituitary MRI in 5 patients and
found pituitary tumor in 2 patients. We could not find
any abnormalities in the other 3 patients. Generally,
pituitary adenoma is detected on MRI in acromegaly
patients [24], but considering the possibility of early-
stage acromegaly with small adenoma, an invisible
tumor cannot be ruled out. Therefore, it is suggested
that these patients be followed up.

Three out of 2,270 individuals with T2DM or IGT
have GH-producing pituitary adenoma (132/100,000
individuals) [12], suggesting that acromegaly is more
prevalent in patients with T2DM than in the normal
population, and T2DM or IGT is a representative com-
plication in acromegaly [10]. In this study, we showed
that the prevalence was 2/317, that is 631/100,000,

much higher than that reported in previous report.
The reason behind this discrepancy may be that the
study subjects were hospitalized patients with T2DM,
who generally presented more severe T2DM. Taken
together, the prevalence of acromegaly might be under-
estimated especially among T2DM patients.

Acromegaly causes diabetes, and acromegaly com-
plicated by diabetes has a poor prognosis [5, 25].
Additionally, the long duration for detection of acro-
megaly and diagnosis of cardiovascular disease and
diabetes mellitus is related to increased mortality [26].
Both patients with acromegaly in this study revealed a
microadenoma, suggesting an early diagnosis and high
expectancy for cure [27]. These data suggest that a
careful screening for acromegaly to enable early diag-
nosis in patients with T2DM is important.

Acromegaly is associated with increased morbid-
ity and mortality of patients with atherosclerotic dis-
eases. Excess GH and IGF-1 promote atherosclerotic
changes via various mechanisms. It has been reported
that GH increases the collagen deposition rate in the
aorta [28], and IGF-1 promotes matrix formation and
induces vascular smooth muscle cell migration and
proliferation, associated with atherosclerosis {29, 30].
In the screened T2DM patients, 42%, 29%, and 37% of
patients showed retinopathy, nephropathy, and neurop-
athy defined as microangiopathy related with T2DM.
In contrast, 2 acromegaly patients showed no micro-
angiopathy, rather showed severe macroangiopathy.
Although it cannot be ruled out that the macroangi-
opathy was a coincident finding because of the pres-
ence of several risk factors including diabetes, smok-
ing, and dyslipidemia, it is speculated that acromegaly
might promote the progression of macroangiopathy in
addition to these risk factors. It is also suggested that
in T2DM patients with predominant macroangiopathy,
acromegaly should be ruled out.

The present findings are limited in several respects.
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This was a retrospective study, analyzing a relatively
small number of patients. The diagnosis was not defi-
nitely verified by pathological findings because these
patients were treated with primary medical therapy.
Serum [GF-1 levels were measured at the second day
after admission, in which serum IGF-1 levels might
have been affected by uncontrolled diabetes, and the
screening for autonomous secretion of GH by OGTT
was not performed in all the patients with elevated
IGF-1 levels, so latent acromegaly might have been
overlooked. Nevertheless, the results in this study
clearly showed the possibility of a higher prevalence of
acromegaly in hospitalized patients with T2DM.

In conclusion, we showed a high prevalence of acro-
megaly in hospitalized patients with T2DM. Although
a large-scale prospective study is required to clarify
the precise prevalence of acromegaly in hospitalized
patients with T2DM, the present study highlights that

it is useful to screen hospitalized patients with T2DM
for acromegaly by measuring their serum IGF-1 levels.
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Abstract

Purpose The authors conducted a statistical analysis of
surgical results of the endoscopic endonasal transsellar
approach to provide quantitative indices for selection of the
approach in the treatment of laterally extended pituitary
adenomas. ,

Methods Surgical results of 25 patients with laterally
extended pituitary adenomas of Knosp grade 3 or 4 were
retrospectively analyzed. The removal rate was evaluated
by the volumetric change of the lateral tumor compartment.
Results  The transsellar approach was used exclusively in
all cases. Gross total removal of the lateral tumor com-
partment was achieved in 14 (56.0 %). Factors affecting
the tumor removal through the transsellar approach were
lateral tumor volume (p = 0.006), maximal distance to the
cavernous sinus outer wall (p = 0.004) and history of

previous surgery (p = 0.017). The cut-off values for the

lateral tumor volume and maximal distance to the cav-
ernous sinus outer wall predicting the gross total removal
were 0.479 ml and 8.1 mm, respectively. The surgical
complications of the transsellar approach included each
case of anterior lobe function insufficiency and liquorrhea.
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Conclusions The transsellar approach is adequate for
removal of lateral tumor compartment in the majority of
cases with laterally extended pituitary adenomas. The
tumor compartments dorsal and ventral to the horizontal
portion of the intracavernous carotid artery are amenable to
the removal. But for removal of the tumor compartment
lateral to the carotid siphon requires additional use of the
parasellar approach.

Keywords Cavernous sinus - Endoscopic endonasal
surgery - Pituitary adenoma - Transsellar approach

Introduction

Cavernous sinus extension of the pituitary adenoma still
constitutes a limiting factor of tumor removal. Whether the
complete removal of the intra-cavernous compartment
should be strived despite the inherent surgical risk is a
matter of debate. Still, as the ultimate treatment of benign
tumors is the total removal, the attempt of surgical removal
within the cavernous sinus seems to be justified as far as
the risk can be reduced to an acceptable level. Several
those attempts have been reported with the improved
results by the application of extended transsphenoidal
technique [1]. The recent evolution of the endoscopic
technique is expected to further improve the treatment
results [2-5]. Besides the direct ventral approach into the
cavernous sinus lateral to the carotid siphon of the intra-
cavernous carotid artery, which is called the parasellar
approach, an approach from the sella through the cavernous
sinus medial wall, which is called the transsellar approach,
became reliable with the application of the angled scopes
[6]. The previous papers reporting the surgical results of
laterally extended pituitary adenomas, however, do not
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distinguish both approaches precisely. Also in the most
recent paper by Woodworth et al. [7] reporting the result of
the transsellar approach in detail, the tumor was approa-
ched through the cavernous sinus incision lateral to the
carotid artery in 23 among the 36 cases. As the two
approaches are distinct in terms of invasiveness and use-
fulness, we advocate for the necessity to evaluate both
approaches separately. Moreover, to adequately assess the
efficacy of an approach to the cavernous sinus, the removal
rate of lateral tumor compartment should be evaluated
separately to the removal rate of the whole tumor. We
herein describe the surgical features of the transsellar
approach and evaluate their usefulness and limit by per-
forming a pre- and postoperative volumetric analysis of the
laterally extended tumor compartment.

Methods
Clinical materials

Among the pituitary adenomas treated at the Kobe Uni-
versity Graduate School of Medicine from February 2009
to December 2013, 41 adenomas demonstrated cavernous
sinus extension classified as grade 3 or 4 according to
Knosp et al. [8]. Excluding 11 cases, in which the aim of
the surgery was the biopsy or partial mass reduction due to
the patient’s condition or already extensive recurrent
tumor, and another 5, in which the parasellar approach was
employed in addition to the transsellar approach, total of 25
patients treated exclusively by the transsellar approach
were eligible for retrospective analysis of their surgical
results. Cavernous sinus was evaluated on both sides in
each patient, but lateral extension corresponding to Knosp
grade 3 or 4 was evident only on one side, resulting in
grade 3 in 23 patients and grade 4 in 2 patients. Thirteen
tumors demonstrated high intensity and 12 demonstrated
iso ~low intensity on T2 weighted MR-images. Four
tumors were endocrinologically active with elevated
plasma level of growth hormone (GH). Nine patients had
previous history of surgical treatment (all by microscopic
transsphenoidal surgery). Eighteen patients presented with
impaired visual function and in four patients, the regrowth
of the residual tumor was the only reason for surgery. The
study was approved by the Institutional Review Board of
the Kobe University Graduate School of Medicine.

Surgical technique

All patients were operated upon by a single surgeon using
the binostril endoscopic endonasal approach. Surgical
maneuver was performed bimanually with the endoscope
fixed to a dedicated holding system (EndoArm, Olympus

Co., Japan) [9]. The bony sellar floor was widely opened
until the medial margin of the internal carotid artery. The
exposed dura was incised at the sellar floor and the tumor
within it was removed including the superiorly extended
compartment. After certain amount of the tumor was
removed, the laterally extended compartment was approa-
ched through the space dorsal and ventral to the horizontal
portion of the intracavernous carotid artery and was
removed under the 30- and 70-degree angled endoscopes
using various curved and steerable instruments. If dural
incision lateral to the carotid siphon was mandatory to
address the tumor in the most lateral compartment of the
cavernous sinus, this was defined as parasellar approach
and was excluded from the series.

Evaluation of the surgical results

A line connecting the medial border of the intracavernous
segment of the carotid artery (inter-carotid line) was drawn,
and the tumor lateral to the line was considered as lateral
tumor compartment (Fig. 1). The size of the tumor was
estimated from the volumetric measurement of the coronal
plane Gadolinium (Gd)-enhanced T1-weighted MRI with
the slice thickness of 3 or 5 mm (Achieva 3T, Philips
Electronics Japan, Japan) using the ImageJ software (ver-
sion 1.47; http://rsbweb.nih.gov/ij/). First, the tumor area
was figured out by tracing its contour on each MRI slices,
and the volume was calculated by multiplying the sum of
the areas by the slice thickness. The degree of tumor
removal was quantitatively evaluated from the resultant
volume change of the lateral tumor compartment. The
removal rate was considered gross total (GTR) if there was
no evidence of tumor residual on postoperative Gd-
enhanced T1-weighted MRI performed within 3 months
after surgery. For hormonally active tumors, the endocri-
nological results were also taken into account to assess the
tumor removal. Criteria for cure according to the 2010
consensus guideline was used in GH-secreting adenomas,
i.e. 75 g-oral glucose tolerance test (OGTT) nadir <0.4 ng/
ml or random GH <1.0 ng/ml and insulin-like growth
factor (IGF)-1 level within 2 SD adjusted to sex and age
[10]. Each case was also evaluated for ophthalmological
sequelae.

To investigate the factors affecting the removal of the
lateral tumor compartment, differences in the followings
were evaluated between the GTR and non-GTR groups:
volume of the lateral tumor compartment, maximal dis-
tance from the inter-carotid line to the cavernous sinus
lateral wall, history of previous surgery, number of func-
tioning versus non-functioning tumor, tumor consistency
estimated from the T2-weighted MRIs (T2-high vs. T2-
is0 ~low). Student’s ¢ test and Fisher’s exact test were
used for continuous and for categorical variables,
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Fig. 1 An example of delineation of the lateral tumor compartment
on Gd-enhanced T1-weighted MRIs. A line connecting the medial
border of the intracavernous segment of the carotid artery (inter-
carotid line) was drawn, and the volumetric measurement of the
tumor compartment lateral to the line (indicated as shaded area in red)

Table 1 Summary of the clinical results

Mean volume of lateral tumor 0.773 £ 0.507 ml

compartment £ SD

Mean maximal distance to the cavernous sinus 8.2 & 2.3 mm

outer wall £ SD
No. of cases with GTR 14/25 (56.0 %)
No. of Knosp 3 tumor (GTR/total) 14/23 (60.9 %)
No. of Knosp 4 tumor (GTR/total) 0/2

Endocrinological remission achieved by surgey/ 3/4
total

Complication
Anterior pituitary insufficiency 1
Liquorrhea 1

respectively. The optimal cut-off values for tumor volume
and maximal distance to the cavernous sinus outer wall
were estimated from the receiver operating characteristic
(ROC) curve analysis by taking the value with the highest
sum of sensitivity and specificity. All statistical analyses
were done by MedCalc (ver.12.7.1.0). A p value <0.05 was
considered statistically significant.

Results

The mean volume of the lateral tumor compartment was
0.773 £ 0.507 ml. The GTR of the lateral tumor com-
partment was achieved in 14 cases accounting for 56.0 %.
Considering the Knosp grading, the GTR of the lateral
tumor compartment was achieved in 14 cases out of 23
Knosp 3 tumors (60.9 %) and in none out of 2 Knosp 4
tumors (Table 1). Cavernous sinus invasion was confirmed
intraoperatively in 15 cases (13 Knosp grade 3 and 2 Knosp
grade 4 tumors). Removal of the intracavernous compart-
ment was accomplished through the already existing lac-
eration of the medial wall in all but one case of GH
secreting adenoma, in which seemingly intact medial wall
had to be incised to remove the tumor within the cavernous

‘Z’_] Springer

was conducted (1.762 ml in the present case). The dotted vertical line
to the inter-carotid line in the right MRI indicates the maximal
distance from the inter-carotid line to the cavernous sinus outer wall
(12.3 mm in the present case)

sinus. In other 4 cases, the tumor only compressed the
cavernous sinus leaving intact the medial wall, and in the
residual 6 cases, the medial wall was not fully exposed due
to the subcapsular or partial removal of the tumor. Of the
four functioning adenomas, endocrinological remission
was achieved in three cases. The follow up period ranged
from 15 to 67 months with the median of 36 months.

Of the 18 patients presented with impairment of visual
function, all demonstrated postoperative improvements.
Surgical complications included each case of anterior lobe
function insufficiency and liquorrhea, which had to be
revised surgically. There was no patient complicated by the
cranial nerve injury, neither temporary nor permanent.
During the follow up, one case with the GH secreting
adenoma, who did not reach the modern criteria for cure,
required repeat surgery for the recurrence of the tumor
19.5 months after the initial surgery.

Among the factors evaluated, the lateral tumor volume,
maximal distance to the cavernous sinus outer wall and
history of previous surgery exhibited statistically signifi-
cant difference between the GTR and non-GTR groups
(p = 0.006, 0.004 and 0.017, respectively) (Table 2). The
cut-off values for the lateral tumor volume and maximal
distance to the cavernous sinus outer wall predicting the
GTR according to the ROC curve analysis were 0.479 ml
(57.1 % sensitivity and 100.0 % specificity, AUC 0.805,
p = 0.001, 95 % CI 0.599-0.935) and 8.1 mm (85.7 %
sensitivity and 72.7 % specificity, AUC 0.825, p = 0.0001,
95 % CI 0.621-0.946), respectively (Fig. 2).

Hlustrative cases
Case 1
In this 61-year old woman, an acromegalic feature was

pointed out when she visited a primary care clinic for
palpitation and tremor of the hand. The MRI demonstrated
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Table 2 Summary of statistical Parameters GTR (n = 14) Non-GTR p value
evaluation (0= 11)

Mean volume of lateral tumor compartment = SD  0.539 £ 0.392 ml  1.071 &= 0.492 ml  0.006*

(95 % CI) (0.313-0.765) (0.740-1.402)
Mean maximal distance to the cavernous sinus outer 7.075 £+ 1.910 mm 9.605 + 2.061 mm 0.004*
wall & SD (95 % CI) (5.972-8.178) (8.220-10.989)
2 No. of cases with previous surgery 2/14 711 0.017°
Student’s # test L o
b e 1 s No. of functioning tumor 4/14 0/9 0.105
Fisher’s exact test
Fig. 2 Receiver operating 100 100
characteristic curve of lateral r r
tumor volume (left) and i
maximal distance (right) cut-off 80 |- 80
points with respect to gross total i i
removal. The optimal cut-off L I
point is indicated by an arrow é‘ 60 |- | %‘ 80
within the respective graphs ‘é | \ a"-é'
B a0 & 40
201 20 |
OH o o e OH . e
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

Fig. 3 The pre- (upper row) and post-operative (lower row) Gd-enhanced T1-weighted MRIs of the illustrative case 1 with GH-secreting
adenoma. The tumor was gross totally removed with the use of the transsellar approach, and endocrinological remission was achieved

a pituitary tumor, and the endocrinological examination  was at first treated with long acting octreotide injection for
demonstrated elevated plasma level of random GH 1 year with the final dose of 40 mg/month. After some
(25.47 ng/ml) and IGF-1 (1,509.6 ng/ml, +12 SD). She  shrinkage of the tumor, the Gd-enhanced T1-weighted MRI
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Fig. 4 Intraoperative photographs of the illustrative case 1. The
lateral tumor compartment is removed through the transsellar
approach under the 30-degree endoscope. The tumor capsule was
grasped by the steerable forceps (a) and gently removed from the

still demonstrated an intrasellar mass extending to the left
cavernous sinus diagnosed as Knosp grade 3 (Fig. 3, upper
row). The volume of the lateral tumor compartment was
1.120 ml and the maximal distance from the inter-carotid
line to the cavernous sinus lateral wall was 11.8 mm. The
patient was thus operated upon her pituitary tumor through
the binostril endoscopic endonasal approach. The lateral
tumor compartment was removed under the angled endo-
scopes using various curved and steerable instruments
through the transsellar approach (Fig. 4). There were some
fibrous components within the tumor potentially due to
preoperative administration of the octreotide, but they were
not far beyond the range of those in other pituitary tumors.
The postoperative Gd-enhanced T1-weighted MRI dem-
onstrated no apparent residual of the tumor (Fig. 3, lower
row). The plasma level of random GH and IGF-1 levels
15 months after surgery decreased to 0.27 and 74 ng/ml
(—1.8 SD), respectively, indicating endocrinological
remission.

Case 2

This 53-year old woman was operated upon for her non-
functioning pituitary adenoma 5 years ago. She was fol-
lowed up since then for the residual tumor, which showed
gradual regrowth finally reaching the optic chiasma and
causing visual field defect. The preoperative Gd-enhanced
T1-weighted MRI demonstrated recurrent pituitary ade-
noma with left lateral extension diagnosed as Knosp grade
4 (Fig. 5, left). The volume of the lateral tumor compart-
ment was 1.541 ml and the maximal distance from the
inter-carotid line to the cavernous sinus lateral wall was
13.1 mm. The tumor was removed with binostril endo-
scopic endonasal approach. After removing the intrasellar
compartment, the lateral tumor compartment was removed
through the transsellar approach. The postoperative Gd-
enhanced T1-weighted MRI demonstrated removal of the

@ Springer

cavernous sinus compartment dorsal to the carotid artery (b). After
gross total tumor removal, entire course of the intracavernous carotid
artery (indicated by white arrow heads) is confirmed with the Doppler
probe (c)

major tumor compartment except the tiny residual in the
ventral portion of the cavernous sinus, and her visual
symptom resolved soon after surgery (Fig. 5, right). The
result was judged as partial removal for lateral tumor
compartment.

Discussion

Surgical results of laterally extended pituitary adenomas in
the previous reports vary considerably due to the different
definition of gross total or radical tumor removal, differ-
ence in the calculating method of the tumor volume and
also due to whether the analysis is conducted for the whole
tumor or only for the lateral tumor compartment. Detailed
information about the degree of lateral extension is also
sometimes lacking. As such, simple comparison of the
results may be not adequate, but taken all the issues into
consideration, the rate of gross total or radical removal of
laterally extended pituitary adenomas ranged from 4.3 to
65.0 % for endoscopic [2, 7] and 17.6 to 34.2 % in the
microscopic series [1, 11]. When focusing on the Knosp 3
tumors, the GTR rate of the lateral tumor compartment in
the present series being 60.9 % was rather comparable with
those reported in the recent papers of endoscopic series
being 51.9-88.9 % [2, 5, 12].

The statistical analysis of the results provided several
quantitative indices for selecting the transsellar approach in
the treatment of laterally extended pituitary adenomas.
Among the factors evaluated, the volume of the lateral
tumor compartment, maximal distance to the cavernous
sinus outer wall from the inter-carotid line and history of
previous surgery were the factors affecting the removal
rate. The tumor consistency may surely be one important
factor affecting the tumor removal, but its exact estimation
from the preoperative images is presently not possible [13,
14]. The consistency of the tumor was also not uniform
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Fig. 5 The pre- (leff) and post-operative (right) Gd-enhanced T1-weighted MRIs of the illustrative case 2 with recurrent non-functioning
pituitary adenoma. The Knosp 4 tumor at the left cavernous sinus was removed through the transsellar approach

within a tumor in most of our series, and the comparison of
the removal rate between T2-high and T2-iso ~low
tumors exhibited no statistical significance. The cut-off
value of 0.479 ml for lateral tumor volume to achieve GTR
is rather small, but it has sensitivity of 57.1 % and speci-
ficity of 100.0 %, indicating that about 40 % of the cases
with GTR had greater tumor volume than 0.479 ml, and if
the lateral compartment was smaller than the cut-off value,
the tumor was removed in all cases. And the cut-off value
of 8.1 mm for maximal distance to the cavernous sinus
outer wall may indicate present limit of the range of access
by the transsellar approach. But as the shortage of appro-
priate surgical instruments is one of the present constraints
of surgical maneuver under the angled endoscopes during
the transsellar approach, there is a potential for further
improvement of those cut-off values by the future devel-
opment of the surgical instruments. And though the number
is very limited, when considering the results of recent
papers reporting 14.3-45 % cure rate using the modern
criteria for GH secreting tumors with cavernous sinus
extension [15-17], three cases fulfilling the critria out of
four in the present series may suggest promising role of the
described approaches in aiming the endocrinological cure
for functioning adenomas.

When considering the invasive nature of the pituitary
adenoma, the microscopically complete tumor removal can
not always be achieved. Therefore, controversy exists how
far the risk would be accepted by insisting on removal of
the intracavernous sinus compartment in the non-func-
tioning adenomas. As the transsellar approach uses the
course of tumor extension as the surgical trajectory, the
anatomical structures hindering the entry are scarce. The
cranial nerves also run in the most lateral wall of the
cavernous sinus and rarely encountered during the tumor
removal when entering the sinus dorsal to the horizontal
portion of the carotid artery. Thus, the risk to the cranial

nerves and carotid artery is rather limited compared to the
parasellar approach, which requires bone drilling over the
carotid siphon and surgical maneuver in close proximity to
the abducens nerve. From the result of the present series
without any morbidity associated with the injury to the
cranial nerves and carotid artery, the use of this approach
may be considered acceptable. Moreover, from the result of
the extensive investigation about the types of lateral
extension of the pituitary adenomas by Knosp et al. [§]
which indicated that lateral extension occurs mostly, and
more prominently, dorsal to the intracavernous carotid
artery, transsellar approach alone is sufficient to remove
major part of the lateral compartment in many cases. Even
for tumors with Knosp 4 cavernous sinus invasion, the
transsellar approach may be sufficient as demonstrated in
illustrative case 2, if complete removal of the tiny residual
ventral to the carotid artery is not insisted on.

The disadvantage of the transsellar approach might be
the non-linear approaching route, which has to be visual-
ized with the angled endoscopes. Even though the straight
instruments can reach certain area within the lateral com-
partment, use of curved/steerable instruments becomes
mandatory, if surgical maneuver in the most lateral com-
partment is required [18, 19]. The present armamentarium
of such instruments, however, has not yet reached the level
of satisfaction, and further development of surgical
instruments would be an urgent requirement. And for large
adenomas, for which the extensive mass reduction beyond
the intracavernous carotid artery is necessary, the addi-
tional use of the parasellar approach would be indispens-
able. The indication of such additional approach, however,
must be determined by weighing the potential complication
against the need for extensive cavernous sinus exploration
in each individual case. And finally, as the follow up period
is limited, the long term results of the transsellar approach
need still to be evaluated.
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Conclusions

In the present series of pituitary adenomas with Knosp
grade 3 and 4, the transsellar approach was used for
removal of laterally extended tumor compartment. The
removal rate was evaluated by the volume change of the
lateral tumor compartment, being comparable to those of
the recent endoscopic series. The factors affecting the
tumor removal were volume of the lateral tumor com-
partment (cut-off; 0.479 ml), maximal distance from the
inter-carotid line to the cavernous sinus outer wall (cut-off;
8.1 mm) and history of previous surgery. Though the
approach to the lateral tumor compartment has to be
selected according to the required extent of cavernous sinus
exploration, the transsellar approach would be adequate in
the majority of cases.

Acknowledgments This study did not receive any specific Grant
from any funding agency.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Zhao B, Wei YK, Li GL, Li YN, Yao Y, Kang J, Ma WB, Yang
Y, Wang RZ (2010) Extended transsphenoidal approach for
pituitary adenomas invading the anterior cranial base, cavernous
sinus, and clivus: a single-center experience with 126 consecutive
cases. J Neurosurg 112:108-117

2. Ceylan S, Koc K, Anik I (2010) Endoscopic endonasal trans-
sphenoidal approach for pituitary adenomas invading the cav-
ernous sinus. J Neurosurg 112:99-107

3. Lee JY, Bohman LE, Bergsneider M (2014) Contemporary neu-
rosurgical techniques for pituitary tumor resection. J Neurooncol
117:437-444

4. McLaughlin N, Eisenberg AA, Cohan P, Chaloner CB, Kelly DF
(2013) Value of endoscopy for maximizing tumor removal in
endonasal transsphenoidal pituitary adenoma surgery. J Neuro-
surg 118:613-620

5. Messerer M, De Battista JC, Raverot G, Kassis S, Dubourg J,
Lapras V, Trouillas J, Perrin G, Jouanneau E (2011) Evidence of
improved surgical outcome following endoscopy for nonfunc-
tioning pituitary adenoma removal. Neurosurg Focus 30(4):E11

6. Raithatha R, McCoul ED, Woodworth GF, Schwartz TH, Anand
VK (2012) Endoscopic endonasal approaches to the cavernous
sinus. Int Forum Allergy Rhinol 2:9-15

7. Woodworth GF, Patel KS, Shin B, Burkhardt JK, Tsiouris AJ,
McCoul ED, Anand VK, Schwartz TH (2014) Surgical outcomes

_@_ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

using a medial-to-lateral endonasal endoscopic approach to
pituitary adenomas invading the cavernous sinus. J Neurosurg.
doi:10.3171/2014.1.JNS131228

. Knosp E, Steiner E, Kitz K, Matula C (1993) Pituitary adenomas

with invasion of the cavernous sinus space: a magnetic resonance
imaging classification compared with surgical findings. Neuro-
surgery 33:610-617

. Taniguchi M, Kohmura E (2012) Endoscopic endonasal removal

of laterally extended clival chordoma using side-viewing scopes.
Acta Neurochir (Wien) 154:627-632

Giustina A, Chanson P, Bronstein MD, Klibanski A, Lamberts S,
Casanueva FF, Trainer P, Ghigo E, Ho K, Melmed S (2010) A
consensus on criteria for cure of acromegaly. J Clin Endocrinol
Metab 95:3141-3148

Kitano M, Taneda M, Shimono T, Nakao Y (2008) Extended
transsphenoidal approach for surgical management of pituitary
adenomas invading the cavernous sinus. J Neurosurg 108:26-36
Paluzzi A, Fernandez-Miranda JC, Tonya Stefko S, Challinor S,
Snyderman CH, Gardner PA (2014) Endoscopic endonasal
approach for pituitary adenomas: a series of 555 patients. Pitui-
tary 17:307-319

Bahuleyan B, Raghuram L, Rajshekhar V, Chacko AG (2006) To
assess the ability of MRI to predict consistency of pituitary
macroadenomas. Br J Neurosurg 20:324-326

Mahmoud OM, Tominaga A, Amatya VJ, Ohtaki M, Sugiyama
K, Sakoguchi T, Kinoshita Y, Takeshima Y, Ab e N, Akiyama Y,
El-Ghoriany Al, Abd Alla AK, El-Sharkawy MA, Arita K, Kurisu
K, Yamasaki F (2011) Role of PROPELLER diffusion-weighted
imaging and apparent diffusion coefficient in the evaluation of
pituitary adenomas. Eur J Radiol 80:412-417

Hazer DB, Isik S, Berker D, Giiler S, Giirlek A, Yiicel T, Berker
M (2013) Treatment of acromegaly by endoscopic transsphe-
noidal surgery: surgical experience in 214 cases and cure rates
according to current consensus criteria. J Neurosurg
119:1467-1477

Shin SS, Tormenti MJ, Paluzzi A, Rothfus WE, Chang YF,
Zainah H, Fernandez-Miranda JC, Snyderman CH, Challinor SM,
Gardner PA (2013) Endoscopic endonasal approach for growth
hormone secreting pituitary adenomas: outcomes in 53 patients
using 2010 consensus criteria for remission. Pitvitary 16:435-444
Starke RM, Raper DM, Payne SC, Vance ML, Oldfield EH, Jane
JA Jr (2013) Endoscopic vs microsurgical transsphenoidal sur-
gery for acromegaly: outcomes in a concurrent series of patients
using modern criteria for remission. J Clin Endocrinol Metab
98:3190-3198

Kawamata T, Amano K, Hori T (2008) Novel fiexible forceps for
endoscopic transsphenoidal resection of pituitary tumors: tech-
nical report. Neurosurg Rev 31:65-68

Taniguchi M, Kato A, Taki T, Tsuzuki T, Yoshimine T, Kohmura
E (2011) Microsurgical Maneuvers under Side-Viewing Endo-
scope in the Treatment of Skull Base Lesions. Skull Base
21:115-122



Pituitary (2015) 18:343-351
DOI 10.1007/s11102-014-0580-y

/ CrossMark

The prevalence and associated factors of colorectal neoplasms
in acromegaly: a single center based study

Masaaki Yamamoto - Hidenori Fukuoka + Genzo Iguchi -

Ryusaku Matsumoto - Michiko Takahashi - Hitoshi Nishizawa -

Kentaro Suda - Hironori Bando + Yutaka Takahashi

Published online: 20 June 2014
© Springer Science+Business Media New York 2014

Abstract

Purpose Colorectal neoplasms are well known to be a
complication in cases of acromegaly; however, data on the
prevalence of colorectal neoplasms in Asian patients with
acromegaly are limited. Further, the factors associated with
colorectal neoplasms in cases of acromegaly are contro-
versial. Therefore, we aimed to clarify the prevalence of
and factors associated with colorectal neoplasms in Japa-
nese patients with acromegaly in a single center.

Methods We analyzed consecutive 57 patients who had
undergone full-length colonoscopy at the time of diagnosis
at Kobe University Hospital between 1986 and 2012.
Results  Of the 57 patients, 22 (38.6 %), 18 (31.6 %) and
3 (5.3 %) patients were diagnosed with hyperplastic pol-
yps, adenomas, and adenocarcinomas, respectively and the
prevalence was significantly higher than in a historical
control group, Chinese patients with irritable bowel syn-
drome (The odds ratio was 4.0, 8.7, and 17.5, respectively).
The prevalence of adenocarcinomas was also significantly
higher in these patients than in the general Japanese pop-
ulation (odds ratio 14.5). Patients with acromegaly who
had colorectal neoplasms had longer disease duration than
those without colorectal neoplasms. Of note, the area under
the growth hormone (GH) concentration—time curve (GH
AUC) during the oral glucose tolerance test was signifi-
cantly higher in patients with adenocarcinomas than in
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those with no colonic lesion or those with hyperplastic
polyps.

Conclusion Japanese patients with acromegaly exhibited
an increased risk of colorectal neoplasms, especially
colorectal adenocarcinomas. An increased GH AUC was
associated with an increased risk for colon adenocarcino-
mas in patients with acromegaly.

Keywords Acromegaly - Colon cancer - Colon
neoplasm - Colon polyps - GH

Background

Acromegaly is caused by the excess secretion of growth
hormone (GH) and is characterized by acral enlargement,
coarse facial features, and visceromegaly. Patients with
acromegaly have a reduced life expectancy, primarily due
to cardiovascular, cerebrovascular, and respiratory disease
[1]. Further, acromegalic patients are well known to be at
an increased risk for malignancies in several organs
including thyroid, breast, and prostate [1]. With regard to
the digestive tract, patients with acromegaly exhibit an
increased risk for hyperplastic polyps, colonic adenomas,
and adenocarcinomas and therefore, an increased mortality
due to colon cancer. Similar findings have been reported in
a meta-analysis [2-4]. However, most data are based on
Caucasian patients with acromegaly, and data on the
prevalence of colorectal neoplasms in Asian acromegalic
patients are limited, and these few studies include only a
small number of patients [5-7].

In patients with acromegaly, several factors have been
reported to be associated with the presence of colorectal
neoplasms. A high serum insulin-like growth factor I (IGF-I)
level and a high IGF-I to IGF-binding protein 3 ratio were
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associated with an increased prevalence of colorectal
adenomas and adenocarcinomas, respectively [8, 9]. In
another study on patients with acromegaly, those with
impaired glucose tolerance (IGT) or diabetes had a 2.4-5.8
times higher risk of colonic lesions than those with normal
glucose tolerance, and an elevated fasting insulin level was
associated with the increased prevalence of colonic lesions,
particularly adenomas and adenocarcinomas, independent
of body mass index [10]. However, whether the excess
secretion of GH itself is associated with the development of
colorectal neoplasms is unclear.

In this study, we aimed to clarify the prevalence of
colorectal neoplasms in Japanese patients with acromegaly
in a single center and to elucidate the factors associated
with the presence of colorectal neoplasms.

Subjects and methods

This was a retrospective cross-sectional study. We analyzed
the data of consecutive 57 patients with acromegaly (24

male, 33 female; age, 22-80 years) who had undergone full-

length colonoscopy at the time of diagnosis at Kobe Uni-
versity Hospital between 1986 and 2012. The diagnosis of
acromegaly was based on clinical signs, the lack of serum
GH level suppression to <1 ng/mL during a 75-g oral glu-
cose tolerance test (OGTT), serum IGF-I levels beyond the
normal range for age- and sex-matched control individuals,
and the presence of a pituitary tumor. The duration of disease
was determined by comparing photographs and by con-
ducting patient interviews to determine the onset of acral
enlargement, as previously described [11]. Height and
weight were measured to calculate the body mass index
[weight (kilograms)/height (meters)?]. In the 75-g OGTT,
- blood samples were collected before and at 30, 60, 90, and
120 min after glucose ingestion for the measurement of
plasma glucose and serum insulin and GH concentrations.
The area under the serum concentration-time curve of GH
(GH AUC) during the 75-g OGTT was calculated by
applying the trapezoid rule to both positive and negative GH
concentrations increments between 0 and 120 min as pre-
viously reported [12]. By using fasting plasma glucose and
serum insulin concentrations, we calculated the homeosta-
sis model assessment of pB-cell function {HOMA-B;
[360 x serum insulin level (pU/mL)/plasma glucose level
(mg/dL)] — 63} and the homeostasis model assessment of
insulin resistance {HOMA-IR; [serum insulin level (pU/
mL) x plasma glucose level (mg/dL)}/405}. The insulino-
genic index was calculated as the change in the serum insulin
concentration divided by the change in the plasma glucose
concentration between 0 and 30 min during the OGTT [13].
Colonoscopy was performed by several experienced gast-
roenterologists after careful bowel preparation with 2 L of a
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polyethylene glycol-electrolyte oral lavage solution (Niflec,
Ajinomoto-Farma, Inc., Japan). All lesions visualized on
colonoscopy were recorded individually, and, when possi-
ble, the lesions were biopsied and subjected to histological
examination. Detailed analysis for colon polyps such as
localization and diverticulum was performed in the patients,
whose detailed record was available. The clinical charac-
teristics of all the patients in this study are shown in Table 1.

Assays

The serum GH concentration was measured using the
IRMA kit (Daiichi Radioisotope Laboratories, Tokyo,
Japan) until March 2005 and subsequently, using the im-
munoenzymometric assay kit (Tosoh Co. Ltd, Tokyo,
Japan). The standard form of GH for analysis changed from
pituitary-derived GH to recombinant human GH (thGH) in
April 2005 in Japan [14]. Therefore, measurements made
prior to April 2005 were adjusted to those made using the
rthGH standard. The serum IGF-I concentration was mea-
sured using the IRMA kit (Daiichi Radioisotope Labora-
tories). The IGF-I standard deviation (SD) score was
calculated with age- and sex-matched healthy Japanese
individuals used as Ref. [15] (http://ghw.pfizer.co.jp/adult/
information/igf-i/index.html).

Statistical analysis

All statistical analyses were performed using StatView 5.0
(Abacus Concepts Inc., Berkeley, CA, USA). Data are rep-
resented as mean & SD. For continuous variables, differ-
ences were analyzed using the Mann—Whitney U test for
nonparametric data. For categorical variables, differences
were analyzed using the x* test and Fisher’s exact test.
Continuous variables were tested for differences between
patients with hyperplastic polyps, adenomas, and adeno-
carcinomas and those without neoplasms using the Kruskal—
Wallis test followed by the Dunn’s multiple comparison test
(Table 5; Fig. 2). Significance was established at P < 0.05.

Results

Differences in characteristics between patients
with or without colorectal neoplasms

The colon was visualized up to the caecum in all 57
patients. First, we compared endocrinological and clinical
parameters between acromegalic patients with or without
colorectal neoplasms (Table 2). Elevated IGF-I levels and
the presence of IGT or diabetes are reported to be associ-
ated with an increased risk of colorectal neoplasms in
patients with acromegaly [10]. Most parameters did not
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Table 1 Profile of patients at diagnosis

No. of patients 57

No. of males/females 24/33

Age (years) 503 £ 12.9
Disease duration (years) 10.1 £ 8.1
BMI (kg/m?) 253 442
Basal GH levels (ng/mL) 28.6 &+ 32.0
Nadir GH levels during OGTT (ng/mL) 213 £ 256
GH AUC during OGTT 3,691 + 4,416
IGF-I levels (ng/mL) 775 £+ 340
IGF-I levels (SDS) 8.1 £30
HbAlc (%) 6.21 £2.15
Fasting glucose level (mg/dL) 108 =+ 56
Fasting insulin level (mU/ml.) 10.8 £ 11.2
HOMA-R index 2.88 + 4.02
HOMA-$ index 132 £ 119
Insulinogenic index 09+ 1.1

Data are shown as mean & SD. AUC the area under the concentra-
tion—time curve, SDS standard deviation score

differ between these groups of patients including these
parameters; however, disease duration was significantly
longer in patients with colorectal neoplasms than in those
without these lesions.

The pathological classification based on endoscopic
findings

Patients were classified according to the histological clas-
sification of their colonic lesions (Table 3a). Hyperplastic

polyps, adenomas, and adenocarcinomas were present in 22
(38.6 %), 18 (31.6 %) and 3 (5.3 %) patients, respectively.
Then we compared the prevalence of colonic lesions in this
study with Chinese patients with irritable bowel syndrome
(IBS), which is a common functional but not organic bowel
disease [16] (Table 3b). The prevalence of each colonic
neoplasm in our study was significantly higher than that in
the patients with IBS. The odds ratios of hyperplastic
polyps, adenomas, and adenocarcinomas were 4.0, 8.7 and
17.5, respectively (Table 3b). The prevalence of colonic
neoplasms according to age in acromegaly is shown in
Table 3c. The prevalence rates of colon neoplasms in
patients aged <40, 40-49, 50-59, and >60 years were
58.3, 75.0, 85.7, and 80.0 %, respectively. We also ana-
lyzed the number and site distribution of colorectal polyps
in the patients, whose detailed record was available. Single
hyperplastic polyp was detected in three patients (21.4 %)
and multiple hyperplastic polyps were .in 11 patients
(78.6 %). Single adenoma was in four patients (36.4 %)
and multiple adenomas in seven patients (63.6 %;
Table 3d), indicating that multiple lesions were predomi-
nant. All three cases with adenocarcinoma revealed as a
single lesion (data not shown). With regard to the site
distribution of polyps, hyperplastic polyps distributed pre-
dominantly in rectum (55.0 %) and adenomas distributed
evenly in the colon (Table 3d). In addition, we examined
colon diverticulum because a recent paper suggested that
the patients with acromegaly exhibited increased frequency
of colonic diverticulum [17]. Six out of 28 patients
exhibited colon diverticulum (21.4 %; Table 3e). Most of
the patients revealed single diverticulum (66.7 %) and the

Table 2 Profile of the patients
with or without colorectal

neoplasms

Data are shown as mean + SD.
P values show the results of the

mann~-whitney test

Patient with Patient without P value

colorectal colorectal

neoplasms neoplasms
No. of patients (%) 43 (75.4 %) 14 (24.6 %)
No. of males/females 18/25 6/8 0.95
Age (year) 513 £ 121 471 £ 152 0.22
Disease duration (years) 114 + 8.6 64 +52 0.02%
BMI (kg/m?) 249 + 3.5 26.6 + 6.0 0.60
Basal GH levels (ng/mL) 320 £ 17.1 184 £+ 17.1 0.24
Nadir GH levels during OGTT (ng/mL) 242 + 28.7 13.2 + 9.4 0.37
GH AUC during OGTT 4,346.0 £ 4,890.5 1,771.5 £ 1,444.2 0.07
IGF-I levels (ng/mL) 750.0 £ 309.2 852.5 £ 426.4 0.24
IGF-I levels (SDS) 8.0+127 8.5+ 3.9 0.92
HbAlc (%) 64+ 24 5.6 + 0.9 0.24
Fasting glucose level (mg/dL) 1135 £ 624 92.6 4 19.2 0.10
Fasting insulin level (mU/mL) 10.7 = 12.3 113 +7.7 0.50
HOMA-R index 30+45 26+ 1.7 0.87
HOMA-B index 115.7 +£ 102.2 183.1 + 151.2 0.11
Insulinogenic index 0.8 +0.8 1.1+ 1.6 0.51
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