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Nine acromegalic patients selected to be wel l-control led on subcutaneous octreotide injections three t imes daily were 
transferred for more than 1 year to intramuscular injections every month with a new microsphere.encapsulated octreotide 
formulat ion (Sandostatin LAR ®, Sandoz, Basel, Switzerland). The dosage was t i t rated to between 20 and 60 m g / m o  to 
approach opt imum control in each patient, The study compares the efficacy of subcutaneous octreot ide three t imes daily 
versus intramuscular microsphere-encapsulated octreotide once monthly. For all patients, average serum growth hormone 
(GH}, insulin-like growth factor binding protein-3 (IGFBP-3), and total  insulin-like growth factor-I (IGF-I) were as fol lows 
(subcutaneous v washout  v intramuscular after 9 months' treatment): 2.5 ± 0.5 versus 13.0 ± 3.3 versus 2.2 -+ 0.8 I~g/L (GH), 
3,240 +- 312 versus 3,880 ± 547 versus 3,190 -+ 226 I~g/L (IGFBP-3), and 200 ± 30 versus 364 ± 32 versus 207 -+ 36 i~g/L (IGF-I; 
mean +- SEM), ie, no significant differences were found between the two  regimens. One patient was a relat ively poor responder 
on both regimens, wi th  average 8.hour serum GH concentrations of approximately 5 ixg/L and increased IGF-I. In two  patients 
GH was suppressed below 3 i~g / L, with IGF-I just above the normal range. The remaining six patients had GH below 2 ixg/L and 
IGF-I wi th in  the normal range for age. Concomitant values for IGFBP-1 were 4.9 ± 0.9 versus 1.6 -+ 0.3 versus 7.9 -+ 1.9 ~g /L  
(P = .043 for subcutaneous v intramuscular), and for free IGF-I, 1,150 +_ 262 versus 2,290 +- 265 versus 660 +- 153 ng /L  (P = .009 
for subcutaneous v intramuscular). For all f ive parameters mentioned above, washout  values were different from those 
obtained during subcutaneous and intramuscular treatments. Total and free IGF-II in serum were unchanged throughout. The 
new formulat ion was wel l  tolerated and greatly preferred by the patients. There was occasional slight local tenderness at the 
injection site lasting up to a few days. Two patients developed asymptomatic bil iary sludge. The previously described acute 
octreotide-induced st imulat ion of IGFBP-1 release appears to occur also during long-term t reatment  wi th  elevation in fasting 
levels. Another novel observation is the drastically reduced serum free IGF-I in fasting samples, which may be an important  new 
facet in octreotide treatment.  For both effects, continuous stable octreotide exposure seems to be more effective than 
intermit tent  exposure as occurs wi th  conventional subcutaneous octreotide injections three t imes per day. 
Copyright © 1995 by W.B. Saunders Company 

W THIN 10 YEARS of the introduction of octreotide, 
• • many hundred  acromegalic patients have enjoyed 

excellent control of their symptoms with this agent, many 
have at tained shrinkage of their adenomas, and serious 
adverse effects have been practically nil. The sole disadvan- 
tage, as with insul in-dependent  diabetes, was the need for 
multiple daily subcutaneous injections throughout a life- 
time or until  successful neurosurgery. The first innovative 
octreotide formulation that sought to overcome this incon- 
venience was intranasally applicable octreotide powder. 1 

When  octreotide became available, it was rightly praised 
for its prolonged plasma half-life of approximately 2 hours, 
which made possible the subcutaneous injection treatment.  

However, it had been  noted early that continuous subcu- 
taneous octreotide infusion provided vastly improved stabil- 
ity of serum octreotide concentrations and of suppressed 
growth hormone (GH) levels z and an increased dose 
efficacy of twofold to threefold)  These observations were 
confirmed by several groups. 4 It  was thus an obvious choice 
to at tempt to mimic this constant  delivery by encapsulating 
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octreotide in biodegradable microspheres, exploiting the 
excellent results obtained with administration of bromocrip- 
t ine (Parlodel; Sandoz, Basel, Switzerland), in a long-acting 
repeatable formulation. 5 

SUBJECTS AND METHODS 

Nine acromegalic patients (age range, 29 to 66 years) partici- 
pated in a multicenter octreotide study. 6 They were included if they 
had a satisfactory control (mean 12-hour serum GH <5 ixg/L) on 
conventional subcutaneous octreotide injection therapy with dos- 
ages of 100 to 200 ~g three times daily and achieved a mean serum 
GH elevation of 100% and above 5 ixg/L after 2 days' octreotide 
withdrawal (clinical data in Table 1). Further, the serum GH level 
was not to be suppressed during an oral glucose tolerance test. 
Thus, the patients were admitted to the hospital while still on 
subcutaneous therapy for a 12-hour serum GH and octreotide 
profile and were readmitted after 2 days' withdrawal and washout 
for profiles in the untreated condition, whereafter the first intramus- 
cular injection of Sandostatin LAR ® (Sandoz, Basel, Switzerland) 
was administered the next morning, and patients were evaluated at 
close intervals for the next 60 days with serum profiles obtained on 
days 1, 2, 3, 7, 14, 28, 35, 42, and 60. During this period the study 
was double-blind, with patients having received 10, 20, or 30 mg 
octreotide. Thereafter, they continued on the original dose if GH 
suppression and insulin-like growth factor-I (IGF-I) had become 
satisfactory, or else were transferred to a dose of 30 mg. 

Depending on serum GH and IGF-I responses, dosages were 
individually titrated up or down during the following months to 
approach normal serum GH and IGF-I concentrations using a 

6 Metabolism, Vo144, No 1, Suppl 1 (January), 1995: pp 6-14 
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Table 1. Clinical Data of the Nine Acromegalic Patients 

Octreotide 
Serum GH, SC, Last SC Octreotide 

Washout, Last IM Dose Three IM Octreotide Weight  Antibodies,t 
Patient Sex/Age Year of Year of Injection Times D a i l y  Initial/Final Change SC, Washout, 

No. (yr) Diagnosis Surgery (p,g/L) (p,g) Dose (mg} (kg)* IM 

1 F/61 1985 1985 5.27 200 30/60 +1.3 9 

1988 11.59 22 

5.68 0 
2 F/61 1986 none 2,46 100 10/30 +2.4 0 

7.27 0 
1.26 0 

3 M/47 1979 1979 1.22 200 20/30 +2.7 39 
1983 36.96 51 

1985 0.79 10 

4 M/41 1982 none 3.90 200 30/60 + 0.6 7 

10,61 8 

2.01 0 
5 F/66 1991 1991 2.60 100 20/40 -1.5 0 

9.45 0 

1.76 0 
6 F/37 1979 1979 1.74 200 10/60 +3.4 0 

1988 16.80 0 

2.90 0 
7 F/60 1966 1967 1.50 100 20/20 +3.1 0 

12.82 0 

2.38 0 
8 M/29 1991 1991 0.74 100 10/20 +6.3 0 

5.94 0 

0.58 0 
9 F/44 1990 1990 2.56 100 30/30 +3.8 23 

4.53 58 

0.79 2 

Abbreviations: SC, subcutaneous; IM, intramuscular. 

*Weight change during I year's IM octreotide treatment. 

1The antibody presence is determined as percent bound 12q-octreotide after incubation. The varying results in the four positive patients (no. 1, 3, 4, 

and 9) on three occasions (during SC treatment and washout, and after ninth IM injection) are undoubtedly due to varying degrees of saturation with 

cold octreotide, A coprecipitation of 6.1% occurring in normal subjects has been subtracted from all values. 

dosage range of 20 to 60 mg/mo. The hourly serum sampling period 
was reduced from 12 to 8 hours after 60 days, and all means for 
serum GH and octreotide in this report are calculated on the basis 
of samples obtained in the interval of 8 to 16 hours. Fasting 
samples were used for determination of serum IGF-I, IGF-II, IGF 
binding protein-1 (IGFBP-1), IGFBP-3, free IGF-I, and free IGF-II. 

Thyroid function was assessed every 3 months by determination 
of thyroid-stimulating hormone, thyroxine, triiodothyronine, free 
thyroxine, and free triiodothyronine in serum. Ultrasonography of 
the biliary tree was performed with the same intervals, and oral 
glucose tolerance tests were performed after washout and after 12 
months. 

The study was approved by the regional ethical committee 
and the Danish Health Authorities. Patients gave their written 
informed consent to participate in the study, which was con- 
ducted in accordance with the Helsinki Declaration with amend- 
ments. 

GH levels were measured using a two-site double-monoclonal- 
antibody immunofluorometric assay (DELFIA, Wallac, Turku, 
Finland), and IGF-I and IGF-II levels were determined by the 
same principle using an in-house assay directly in diluted HC1/ 
ethanol extracts of serum. 7 IGFBP-3 was determined by a commer- 
cial assay (Diagnostic System Laboratories, Webster, TX), as was 

IGFBP-1 (Medix Biochemica, Kafiniainen, Finland). Free IGF-I 
and free IGF-II levels were measured in ultrafiltrates of serum 
(Amicon YMT 30 membrane, Amicon Division, W.R. Grace and 
Co., Beverly, MA) after reestablishing in vivo physical and chemi- 
cal conditions by incubation and centrifugation at 37°C and airing 
with CO2, 8 using the assays applied in measurements of totally 
extractable IGF-I and IGF-II in serum 7 with a sensitivity of 
approximately 2.5 and 10 ng/L. Serum octreotide was determined 
by specific radioimmunoassayg; reagents were obtained from Anawa 
Laboratorien, Wangen, Switzerland. 

Paired Student's t tests were applied when appropriate. A P 
value less than 5% was considered significant. All results are the 
mean _+ SEM. 

RESULTS 

Serum Octreotide, GH, and IGF-I 

A detai led account of the pharmacokinet ics  of  the new 

octreotide formulat ion is p resen ted  elsewhere in this vol- 

ume for the entire mult icenter  population.  6 The nine 

pat ients  participating in Denmark  also exhibited very con- 
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Fig 1. Mean + SEM of average 8-hour serum GH levels and of two 
fasting IGF-I samples in nine acromegalic patients. The first point at 
left was obtained during previous subcutaneous octreotide therapy 
(100 to 200 I~g three times daily); the second corresponds to time 
point zero after 2 days' withdrawal of the above treatment; the third 
and fourth, 28 and 60 days after the first intramuscular injection (Inj.) 
of microsphere-encapsulated octreotide; the fifth, 42 days after the 
second injection; and thereafter, every 28 days after the following 
injections. 

s t an t  8- o r  12-hour  s e r u m  o c t r e o t i d e  and  G H  levels ( d a t a  

no t  show n)  a f te r  t h e  first  14 days,  wi th  a s low bu i l d -up  

t h e r e a f t e r  o f  s e r u m  o c t r e o t i d e  wi th  t ime ,  l ead ing  to  s tab le  

s t e a d y - s t a t e  cond i t i ons  a f t e r  t h e  th i rd  in jec t ion.  
A v e r a g e  8 -hour  s e r u m  p a t t e r n s  o f  G H  and  fas t ing  I G F - I  

a re  s h o w n  in Fig  1. In  Fig  2, t he  indiv idual  prof i les  are  seen ,  

inc lud ing  ave rage  8 -hour  o c t r e o t i d e  to  i l lus t ra te  t h e  t ime  

cour se  over  t h e  first  yea r ' s  t r e a t m e n t  whi le  o c t r e o t i d e  doses  

w e r e  ad jus ted .  G H  s u p p r e s s i o n  w a n e d  dur ing  t h e  42 to 60 
days a f te r  t h e  first  in jec t ion.  T h e r e  w e r e  no  s ignif icant  

d i f f e r ences  b e t w e e n  G H  or  I G F - I  levels a t t a i n e d  wi th  

t h e  two t h e r a p y  r e g i m e n s  (2.5 --- 0.5 v 2.2 - 0.8 Ixg/L for  

Fig 2. As in Fig 1. (A) and (B} Average 8-hour serum octreotide 
(ng/L, log scale), GH (l~g/L, log scale), and fasting IGF-I (l~g/L) 
including all profiles obtained until now in each of the nine patients, 
([]) Range of serum IGF-I in a normal population of the same age 
decennium. Octreotide dosage is shown below. 
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GH and 200 -+ 30 v 207 ~ 36 ~xg/L for IGF-I), whereas 
both were significantly lower than those obtained after 
washout (13.0 + 3.3 ~ g / L  for GH and 364 _+ 32 Ixg/L for 
IGF-I). 
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Fig 3. Relationships between 
serum octreotide and GH, octreo- 
tide and IGF-I, and GH and IGF-I 
in pa t i en t s  no.  2 and  3. 
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Patient no. 1 was a relatively poor responder to both 
subcutaneous and intramuscular octreotide therapy, barely 
fulfilling inclusion criteria. Eight-hour serum GH was just 
above 5 Izg/L and IGF-I  was above the normal range for 
age; no real improvement was attained after an increase of 
the octreotide dose to 60 mg/28 days. For the remaining 

eight patients, two achieved GH suppression to below 3 
t~g/L (no. 4 and 6) and serum IGF-I  just above the normal 
range for age, and GH in the remaining six was suppressed 
to below 2 ixg/L with normal serum IGF-I.  Two of them 
(no. 7 and 8) attained serum IGF-I  near the normal lower 
limit and had their octreotide dose reduced from 30 to 20 
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Variations in mean fasting serum total extractable IGF-i, Fig 4. 
total IGF-II, IGFBP-3, IGFBP-1, free IGF-I, and free |GF-II in samples 
obtained (left to right) during subcutaneous injections, after with- 
drawal, and 28 days after the fifth, seventh, and ninth intramuscular 
injection (|nj.) of microsphere-encapsulated octreotide. 

rag/too. (In patient no. 7, this induced an increase in serum 
GH from 1.15 to 2.38 ~g/L, without significant change in 
serum IGF-L) 

In Fig 3, typical examples are presented for the relation- 
ships between octreotide and GH, octreotide and IGF-I, 
and GH and IGF-I (patients no. 2 and 3). Little if any 
additional effect on GH and IGF-I was attained by increas- 
ing serum octreotide beyond 2,000 ng/L. This result was 
similar to that in all nine patients. 

Serum IGF-II, IGFBP-3, IGFBP-1, Free IGF-I, 
and Free IGF-II 

Figure 4 shows the average fluctuations in these param- 
eters in fasting samples obtained at selected time intervals: 
during conventional subcutaneous therapy, after 2 days' 
withdrawal (washout), and 28 days after the fifth, seventh, 
and ninth injection. IGFBP-3 follows the pattern already 
shown for GH and IGF-I. Neither total IGF-II nor free 
IGF-II displays significant fluctuations during the study. In 
contrast, fasting serum IGFBP-1 is significantly lower after 
washout than during either treatment regimen; and nota- 
bly, the value after the ninth intramuscular octreotide 
injection is significantly higher than during subcutaneous 
injection therapy (7.9 + 1.9 v 4.9 - 0.9 ~g/L, P = .043). 
Fasting serum free IGF-I is significantly lower after the 
ninth (and seventh) intramuscular injection than during the 
subcutaneous injection regimen (660 -+ 153 v 1,150 _+ 262 
ng/L, P = .009)--corresponding to 29% of the washout 
value of 2,290 _+ 265 ng/L (P < .0001). Figure 5 depicts the 
very similar alterations in serum free IGF-I in all patients. 
Compared with the normal range of free IGF-I for the age 
decennium, all patients attained circulating concentrations 
below the upper limit during intramuscular octreotide 
therapy, except for patient no. 1. However, her value 
declined from 3,017 ng/L (washout) to 1,785, 1,246, and 
1,176 ng/L (fifth, seventh, and ninth injection) as compared 
with the upper limit for 60- to 70-year-old normal subjects 
of 880 ng/L. During subcutaneous therapy, five patients 
(no. 1, 4, 5, 7, and 9) were above normal limits; at washout 
all patients were above normal limits except no. 8, and after 
the ninth injection all but no. 1 and 9 were below the 
upper-normal limit and two patients (no. 2 and 8) were 
below the norrnal range. 

Serum IGF-I and free IGF-I in the nine patients were 
positively related at all specified time intervals. Figure 6 
illustrates the relationship at washout and after the seventh 
injection. 
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Fig 5. As in Fig 4, Variations in fasting serum free IGF-I in each of 
the nine patients. 
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Fig 6. Relationship between total extractable serum IGF-I and serum free IGF-I in nine acromegalic patients at washout (after withdrawal of 
octreotide for 2 days, r = .853, P = .003) and 28 days after the seventh intramuscular injection (Inj,) of octreotide (r = .738, P = .023). 

There were no changes in thyroid function (data not 
shown), no changes in glucose tolerance (data not shown), 
nor any changes in body weight (average, +2.5 kg during 
the study) different from those found in nine randomly 
selected patients who had been successfully adenomecto- 
mized (data not shown). Two patients developed asymptom- 
atic biliary sludge in the study. 

None of the patients had developed antibodies against 
octreotide 1° 1 year after the first intramuscular depot 
injection. But four patients had low-titer antibodies already 
at entry (Table 1). 

Patients complained rarely of local tenderness at the 
injection site lasting up to a few days. However, all patients 
were eager to continue on treatment with the new formula- 
tion. 

DISCUSSION 

Microsphere-encapsulated octreotide (Sandostatin 
LAR ®) appears to be a major breakthrough in the medical 
treatment of acromegaly as judged by the ongoing multi- 
center trials. Our experience throughout 1 year's therapy in 
nine patients is totally favorable, and this is also the 
patients' opinion. 

Our data do not provide evidence of a greater suppres- 
sive effect on serum GH or total IGF-I, but previous results 
with subcutaneous pump infusion 2-4 indicate that continu- 
ous release is superior to intermittent subcutaneous injec- 
tions two to four times daily in terms of suppression of 
serum GH levels and maintenance of stable serum octreo- 
tide levels, as well as efficacy of average serum octreotide 
concentrations. 3 The advantages for the patients of replac- 

ing several daily subcutaneous injections with only one 
intramuscular injection per month are obvious. 

It must be noted that we studied only nine patients who 
were selected to be relatively good responders to subcutane- 
ous octreotide and to have a serum GH level above 5 ~tg/L 
in the untreated condition. We cannot therefore conclude 
that our results are totally applicable in intramuscular 
octreotide treatment of less responsive acromegalic pa- 
tients, or patients with lower untreated serum GH levels, 
who may require different doses of octreotide or exhibit a 
different relationship between serum octreotide and GH or 
IGF-I. 

The incidence of biliary sludge (two patients) was similar 
to what would be expected in traditional octreotide treat- 
ment)  I We initially suspected that weight gain was greater 
than expected, but when comparing body weight changes in 
nine successfully adenomectomized patients we likewise 
found widelyvarying gains and losses 2 years after neurosur- 
gery, at a time when the shift between muscle and fat is 
probably important and very dependent on patients' aware- 
ness of food intake and activity. The only adverse effects we 
encountered were the well-known gastrointestinal symp- 
toms, which occurred when octreotide therapy was reintro- 
duced after washout, and local tenderness in a few percent 
of the injections, present for a maximum of a few days. 

Thyroid function and glucose tolerance were unaffected 
during the study, in keeping with previous data on long- 
term octreotide therapy. 12 In contrast, glucose tolerance is 
impaired if assessed shortly after a subcutaneous octreotide 
injection, although 24-hour mean glucose is usually unaf- 
fected. 2,3,12'13 In a previous study with continuous subcutane- 
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ous octreotide infusion, oral and intravenous glucose toler- 
ance were also unchanged, 3 demonstrating again that 
continuous octreotide release ensures better intermediate 
metabolism than intermittent injections. 

As expected, serum IGFBP-3 concentrations paralleled 
the variations in serum GH and IGF-I and were also similar 
in subcutaneous and intramuscular therapy. Serum IGF-II 
and serum free IGF-II were unaffected by the kind of 
treatment and by withdrawal of octreotide, indicating that 
the rather long-term metabolic events occurring in the 
present study were compensated for by yet-unidentified 
regulatory mechanisms. This is in contrast to acute fluctua- 
tions such as those occurring after short-term starvation 
and during a glucose tolerance test, where serum free IGF-I 
and IGF-II variations are closely related and inversely 
related to variations in serum IGFBP-1. 8 

In our opinion, the most interesting and novel facets of 
our study are the variations in serum IGFBP-I and in free 
serum IGF-I, with these being probably interdependent as 
in the case of the acute metabolic situations mentioned 
above. Ezzat et a114-16 recently demonstrated that octreotide 
increased serum IGFBP-1 acutely 1 to 2 hours after 
injection, and that octreotide in vitro enhanced IGFBP-1 
mRNA in human hepatoma cells. We found 17J8 that this 
ability is shared by native somatostatin, as well as lanreo- 
tide, another synthetic somatostatin octapeptide analog, 
and that the effects were independent of the almost- 
inavoidable concomitant suppression of insulin release. 
However, the IGFBP-1 increase was abolished with con- 
comitant hyperinsulinemia. 18 This is why we decided to 
study fasting samples, which showed that long-term octreo- 
tide treatment over several months also maintains the 
stimulatory effect on IGFBP-1 release. 

It is tempting to speculate that the observed tonic 
increase in serum IGFBP-1 is responsible for the concomi- 
tant octreotide-induced reduction in serum free IGF-1, and 

that these effects may be important extra bonuses in 
octreotide therapy as already foreseen on a theoretical 
basis. ~448 This may explain the clinical impression that 
octreotide therapy sometimes achieves better control of 
acromegalic symptoms than expected from the attained 
reductions in serum GH and total IGF-I. The observed 
effects on serum IGFBP-1 and free IGF-I were significantly 
greater than with traditional subcutaneous octreotide admin- 
istrations. 

Finally, the stimulatory effect of somatostatin analogs on 
IGFBP-1 has previously been shown to be dose-depen- 
dent, 17 so this may also be the case for the suppressive 
action on serum free IGF-I. If these effects are as important 
as we hypothesize, they should probably be considered 
when trying to establish optimum doses of intramuscular 
octreotide in each individual patient. Considerable suppres- 
sion of serum free IGF-I and an increase in IGFBP-1 may 
be achieved by administration of large doses even in 
patients whose adenoma is quite octreotide-resistant. This 
is indicated by our findings in patient no. 1, who closely 
approached the upper-normal limit for free IGF-I despite 
grossly elevated total serum IGF-I and an average serum 
GHjust  above 5 ixg/L. 

In conclusion, the sustained slow release obtained with 
microsphere-encapsulated octreotide induces very constant 
suppression of serum GH and IGF-I, at least as great as 
with subcutaneous injections of octreotide three times 
daily. These actions persist, so that monthly injections 
ensure constant serum octreotide and GH levels in respon- 
sive patients. The adverse effects are minimal and thus 
comparable to those in traditional octreotide treatment. 
The sustained elevation of IGFBP-1 was important, as was 
the (related?) drastic reduction in serum free IGF-I, which 
may imply an additional benefit at the cellular level during 
octreotide therapy. 
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