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The management of short bowel syndrome is complex and frequently requires parenteral
nutrition support to ensure the sufficient administration of nutrients and fluids. Despite
advances in the provision of parenteral nutrition, this mode of nutritional support carries
with it significant risks to the patient, impairs quality of life and is very costly. Since
intestinal adaptation plays a key role in the successful management of patients with short
bowel syndrome, recent investigations have focused on the use of trophic substances to
enhance intestinal adaptation and increase the absorptive function of the remaining gut.
Published reports from a number of studies conducted in animal models and humans with
short bowel syndrome evaluating the efficacy of recombinant human growth hormone
(i.e., somatropin) in this regard have demonstrated conflicting findings. However,
substantial methodologic differences among the studies limit definitive conclusions
regarding the benefit of this therapy on intestinal adaptation. Subsequent studies in short
bowel syndrome patients have focused on the ability of recombinant human growth
hormone to allow reduction in parenteral nutrition requirements. In a recent randomized,
controlled trial of recombinant human growth hormone, glutamine and a specialized oral
diet, treatment with recombinant human growth hormone 0.1 mg/kg/day for 4 weeks
resulted in significant reductions in parenteral nutrition requirements compared with the
control group. These results led to the approval of somatropin by the US Food and Drug
Administration for use in patients with short bowel syndrome receiving specialized
nutrition support. Somatropin appears to be well tolerated with generally manageable
side effects. Fluid retention, gastrointestinal symptoms and injection site reactions occur
commonly; however, serious adverse effects are uncommon. Optimal clinical benefits
appear to be achieved when somatropin is administered in combination with a specialized
oral diet and, if possible, oral glutamine. It should be used under the guidance of clinicians
experienced in the management of short bowel syndrome, with the expectation that these
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Short bowel syndrome (SBS) occurs following
massive resection of the small bowel and results
in inadequate digestion and/or absorption of
nutrients and fluids. SBS can be either congeni-
tal or acquired. Necrotizing enterocolitis and
congenital intestinal abnormalities are often the
cause in infants. In adults, resections for inflam-
matory bowel disease (primarily Crohn’s dis-
ease), catastrophic mesenteric vascular events
(e.g., thrombosis, trauma and volvulus), carci-
noma and radiation enteritis are typical causes of
SBS (1]. These patients commonly experience
chronic diarrhea, dehydration and macro- and
micronutrient deficiencies.

The prevalence of SBS is difficult to estimate.
A 1997 European survey indicated a point prev-
alence of home parenteral nutrition (PN) use of

10.1586/14750708.3.1.55 © 2006 Future Drugs Ltd ISSN 1475-0708

patients need to be monitored closely during and after its use. Further study is needed
regarding the persistence of effect after treatment, optimal dose and length of
administration for subsequent courses of treatment with somatropin as well as its safety,
long-term benefit and use in the pediatric and geriatric populations.

approximately four/million, of whom nearly
35% had SBS [2]. In the USA, the annual preva-
lence of home PN use was estimated at approxi-
mately 120/million, of whom nearly 25% had
SBS (3. While SBS is clearly uncommon, it
remains an important clinical problem due to
the significant morbidity, mortality and high
associated costs.

Intestinal adaptation plays an important role
in the successful management of patients with
SBS. Adaptation is the process by which the
bowel, in response to a variety of internal and
external stimuli, attempts to increase fluid and
nutrient absorption to that occurring before
resection. Both morphologic and functional
intestinal adaptive changes can occur depending
upon the extent and site of the intestine removed
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and the nutrient components of the diet. Func-
tional adaptive changes include modifications of
the brush border membrane fluidity and perme-
ability and up- or downregulation of carrier-
mediated transport [4l. Most adaptation occurs
during the first year following resection.

The management of SBS is complex and fre-
quently necessitates long-term use of PN to
ensure the sufficient administration of nutrients
and fluids [5). It has been demonstrated using
nutrient absorption (i.e., balance) studies that
patients who absorb less than 1.4 kg/day of wet
weight or less than 84% of their calculated
energy needs will likely require parenteral fluid
and/or nutrition support [6]. While factors other
than bowel length are also important, this typi-
cally translates into a patient with less than 50 to
70 cm of small bowel when the colon is intact, or
less than 100 to 150 cm of small bowel when the
colon is absent [7].

Approximately 50% of SBS patients will be
unable to be weaned from PN within a year of
resection  using  conventional  treatment
strategies [7). Despite advances in the provision
of PN, this mode of nutritional support carries
with it significant risks to the patient such as
catheter sepsis, venous thrombosis and liver dis-
ease, impairs quality of life and is very costly. As
a consequence, there has been intense investiga-
tion, particularly over the past decade, to iden-
tify treatments that maximize intestinal
absorption/adaptation with the goal of eliminat-
ing or at least minimizing the need for PN sup-
port. Recent investigations in humans have
focused on the use of trophic substances such as
growth factors (e.g., growth hormone [GH] and
glucagon-like peptide-2) and nutrients (e.g.,
glutamine) to increase the absorptive function of
the remaining gut.

Somatropin is a highly purified human
(h)GH preparation produced by recombinant
DNA technology that has recently been
approved for use in adules with SBS who require
PN support. In the pages that follow, the effi-
cacy of GH in both animal models and humans
with SBS will be reviewed and the role of this
therapy in the current management of SBS will
be discussed.

Pharmacodynamics

In order to better understand the potential role of
trophic substances on the gut adaptive process
following massive intestinal resection, an appreci-
ation of the differences in human versus animal
intestinal adaptation is needed. However, rodents

are commonly used as models of intestinal
adaptation and importantly, few studies have
confirmed these adaptive responses in humans.
Therefore, the clinical adequacy of the rat as a
model of human intestinal adaptation remains to
be determined. Furthermore, while animal intes-
tinal adaptation is characterized by epithelial
hyperplasia (increase in crypt cell depth, villus
height and enterocyte number), human intestinal
adaptation appears to be primarily associated
with an increase in the absorptive function of the
enterocyte  irrespective  of  morphologic
changes (8.9]. This is supported by a recent study
in humans with SBS treated with recombinant
()-hGH in  which postabsorptive plasma
citrulline levels, an indirect biomarker of entero-
cyte mass [10], increased nonsignificantly com-
pared with placebo, despite an enhancement in
intestinal absorption [11].

Somatropin produces its intestinal physiologic
effects by binding to specific receptors on the
intestinal epithelium. Many of its effects are also
mediated by insulin-like growth factor (IGF)-1,
which results in an inhibition of apoptosis and
stimulation of crypt cell proliferation [12]. Fur-
thermore, exogenous GH administration has
been shown to increase serum and tissue (small
intestine) IGF-1 concentrations and, in rodents,
administration of GH and IGF-1 increases small
bowel growth after resection [13].

Evidence of r-hGH efficacy in animal
models of SBS

A number of studies conducted in animal mod-
els of SBS have investigated the effect of GH,
either alone or combined with glutamine, on
intestinal adaptation. Glutamine is a highly
abundant amino acid and the major energy
source of the enterocyte that becomes condition-
ally essential in states of severe physiologic
stress [14,15]. In such conditions, without ade-
quate glutamine supplementation, gut atrophy
may occur. Although a variety of GH prepara-
tions, doses and animals have been used, the
exogenous administration of GH has generally
been shown to enhance mucosal hyperplasia and
to result in an increase in body weight, small
bowel length, colonic mass and biomechanic
strength [16-20]. Furthermore, it has been demon-
strated in the hypophysectomized rat that intes-
tinal atrophy and reduced absorptive capacity
develop and these changes can be restored by
GH [21]. Intestinal hypertrophy has been shown
to occur in transgenic mice over expressing
GH [221. In addition to its effects on structural
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adaptation, GH has been shown to exert specific
functional effects. In particular, GH resulted in
an increase in water, sodium, glucose, palmitic
acid and amino acid absorption in several studies
conducted in animals [23-25]. Nevertheless, it is
important to remember that other reports have
not supported an effect of GH on stimulating
intestinal adaptation [26-28].

In humans, the administration of GH has
inhibit the liberation of
from muscle

been shown to

glutamine during  catabolic
states [29], suggesting a role for combined GH
and glutamine in enhancing intestinal adapta-
tion. Indeed, the combination of GH and

glutamine has been shown to synergistically
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increase IGF-1 plasma levels, intestinal DNA
and villus growth in rodent models of
SBS [25.30-321. However, once again, not all stud-
ies have demonstrated positive effects of this

combination on intestinal adaptation [33].

Evidence of r-hGH efficacy in humans
with SBS

In the last 10 years, several clinical studies have
been conducted using r-hGH in humans with
SBS (Table 1). The following sections review the
specifics of the studies in humans with SBS,
focusing first on the effects of r-hGH on nutri-
ent and fluid absorption and then on a reduction
in parenteral support (i.e., PN weaning).

Table 1. Principal studies investigating the efficacy of rhGH on intestinal absorption and parenteral

nutrition weaning in short bowel syndrome patients.

n Study Mean remnant Colon Mean Treatment Results Ref.
design small bowel present  time on (duration)
length (cm) (n) PN (years)
(range)
12 RCCT 48 (0-120) 9 7.5 r-hGH (0.05 mg/kg/d),  Improved nitrogen, [11]
hyperphagic diet energy and carbohydrate
(3 weeks) absorption; increased
body weight and lean
body mass; no change in
plasma citrulline
10 Open 37 (8-90) 10 6 r-hGH (0.14 mg/kg/d),  Improved nutrient and [34]
glutamine, HCLF diet water absorption;
(3—4 weeks) decreased stool output
10 RCCT 130 (90-170) 4 Only 1 r-hGH (0.024 mg/kg/d)  Increased body weight, [37]
patient (8 weeks) lean body mass, total
on PN body potassium, bone
mineral content; no
change in energy or fluid
absorption
8 RCCT 71 (55-120) 2 12.9 r-hGH (014 mg/kg/d), Transient increase in [38]
glutamine (3 weeks) body weight and lean
body mass; increased
sodium and potassium
absorption
8 RCCT 104 (30-150) 4 7 r-hGH (0.14 mg/kg/d),  No improvement in [39]
glutamine (4 weeks) intestinal absorption;
increased body weight
61(49  Open 61 (0-183) 37 4 r-hGH (0.09 mg/kg/d),  41% off PN, 51% on [45]
on PN) glutamine, reduced amount of PN,
individualized diet 8% no change in PN
(4 weeks) after 1 year
41 RCPGT 73 (NR) 36 4 r-hGH (0.1 mg/kg/d), Reduced PN [48]
glutamine, requirements (9 off PN);
individualized diet stable body weight
(4 weeks)
d: Daily; HCLF: High carbohydrate, low fat; NR: Not reported; PN: Parenteral nutrition; RCPGT: Randomized, controlled, parallel-group trial;
r-hGH: Recombinant human growth hormone; RCCT: Randomized, controlled, crossover trial.
www.future-drugs.com 57



DRUG PROFILE - DiBaise

58

Effect on nutrient & fluid absorption

In the first published report on the use of r-hGH
in humans with SBS, Byrne and colleagues ana-
lyzed the effects of the combination of r-hGH,
glutamine and a modified diet on nutrient and
fluid absorption [34]. In this open-label study, fol-
lowing a 1-week control period, ten patients
received a high-carbohydrate, low-fat diet either
alone (n=2) or in combination with r-hGH
(0.14 mg/kg/day) and supplemental enteral or
parenteral glutamine (n = 8) for an additional
3 weeks. A third group of patients (n=5)
received either r-hGH alone or glutamine alone
for 3 to 4 weeks while on a standardized diet. All
patients received an oral rehydration solution
and antimotility medications according to their
clinical need. Sodium and protein absorption
were unaffected by diet modification alone or
when combined with glutamine. In contrast,
while treatment with r-hGH and diet resulted in
minor improvements in sodium and protein
absorption, treatment with r-hGH, glutamine
and the modified diet enhanced overall energy
(from 60 to 74%) and wet weight (from 51 to
68%) absorption. Carbohydrate (from 60 to
82%) and protein (from 49 to 63%) absorption
also increased. Fat absorption was unaltered. A
nonsignificant increase (37%) in sodium absorp-
tion was also shown. Although stool output
increased slightly with dietary modification
alone and was unaffected by glutamine plus diet,
it decreased nonsignificantly (16%) with r-hGH
plus diet and decreased significantly with
r-hGH, glutamine and diet (32%).

A more recent open-label study using similar
methodology demonstrated improvements in
body weight, p-xylose absorption, stool nitrogen
loss and stool frequency in nine PN-dependent
SBS patients [35]. Similarly, Wu and colleagues
found that a 3-week course of -hGH combined
with oral glutamine and an individualized diet
led to improvements in macronutrient absorp-
tion; however, the effects were not sustained
beyond the treatment period [36].

Ellegard and colleagues reported results of the
first randomized, controlled, crossover study of
the efficacy of a lower dose of r-hGH without
glutamine in ten patients, nine of whom were not
PN-dependent, with SBS due to Crohn’s
disease (37.  Patients were treated  with
0.024 mg/kg daily of -hGH and placebo for two
8-week periods, separated by a washout period of
at least 12 weeks. Patients remained on their usual
diets, with the exception that during the meta-
bolic balance studies (before treatment and at the

end of each 8-week treatment period), patients
received a low-fat, high-carbohydrate diet. Non-
significant increases in the absorptive capacity of
water, energy and protein were observed following
r-hGH administration. Compared with baseline,
r-hGH significantly increased body weight
(2.3 kg). Using dual-energy x-ray absorptiometry
(DXA), an increase in lean body mass (2.5 kg),
decrease in fat mass (0.1 kg) and increase in total
body potassium (5%) after r-hGH was demon-
strated. Fat-free mass and total body water
increased by 6%. Treatment with r-hGH also
increased total bone calcium and bone mineral
content by an average of 1%. Only total body
water increased with placebo treatment.

A further two randomized and controlled
crossover studies failed to confirm the benefits
of the combination of r-hGH and oral
glutamine on intestinal absorption in SBS
patients [38,39]. In the study by Scolapio and col-
leagues, eight SBS patients were treated for a
3-week period during which they consumed a
standardized 1500 kcal/day high-carbohydrate,
low-fat diet (38]. The use of antimotility medica-
tions was not allowed. Balance studies were per-
formed at the end of each treatment period. In
the study by Szkudlarek and colleagues, eight
SBS patients were treated for 4 weeks and con-
sumed an unrestricted diet [39]. Balance studies
were performed 5 days after discontinuing treat-
ment. Neither study demonstrated significant
improvements in macronutrient or water absorp-
tion. Significant reductions in stool sodium and
potassium were noted in patients who received
r-hGH plus glutamine in one study [38]. Further
analysis of body composition in patients from
both studies using DXA revealed significant
increases in body weight and lean body mass
with r-hGH plus glutamine compared with pla-
cebo; however, the development of edema while
receiving active treatment was common and the
effects on body composition were not main-
tained after discontinuing treatment [40,41]. This
has led to the suggestion that the increased body
weight seen during these studies after active
treatment may be due to increased extracellular
water and the presence of edema. Jeppesen and
colleagues found no differences in 24 h urinary
creatinine excretion (an index of muscle mass)
after active treatment [41]. The study of Scolapio
was the only one to assess intestinal morphologic
and transit changes after treatment. No signifi-
cant increase in villus height or crypt cell prolif-
eration was identified; however, a significant
decrease in gastric emptying was noted [38].

Therapy (2006) 3(1)
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In the most recent randomized, double-blind,
placebo-controlled crossover study of the effects
of r-hGH without glutamine, 12 patients with
SBS were treated with a medium dose of r-hGH
(0.05 mg/kg/day) and placebo for two 3-week
periods separated by a 1-week washout
period [11]. No changes were made to the
patients’ usual hyperphagic, hypercaloric diets.
Treatment with r-hGH significantly increased
intestinal absorption of energy (54 vs 39%;
p < 0.002), nitrogen (39 vs 25%; p < 0.04) and
carbohydrate (75 vs 66%; p < 0.04) compared
with placebo (Figure 1). A nonsignificant increase
in fat absorption was observed (12 + 8%). The
increases in nutrient absorption corresponded
to an increase in mean net intestinal absorption
of 427 + 87 kcal/day during treatment with
r-hGH compared with placebo. Body weight
and lean body mass increased by 4% with
r-hGH compared with less than 1% with pla-
cebo (p < 0.01); however, the effects on body
composition were not maintained during the
washout period.

The discrepant findings from the above stud-
ies have contributed to the continuing contro-
versy regarding the benefit of r-hGH with or
without glutamine and has led some to conclude
that the beneficial effects demonstrated may be
related to the dietary modification rather than
from the addition of GH and glutamine [42].
Nevertheless, it is also likely that the mixed
results are, at least partly, attributable to differ-
ences in study design and patient characteristics
(see Expert commentary). Indeed, methodologic
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differences among the studies prevent definitive
conclusions regarding the benefit (or lack
thereof) of this therapy on intestinal absorption.

Effect on parenteral nutrition weaning

On the basis of the encouraging early results
from animal models and humans with SBS,
Byrne and colleagues conducted an open-label
study in which 47 SBS patients received r-hGH
(mean  daily dose, 0.11 mg/kg; range:
0.03-0.14) with oral glutamine (30 g/day) and a
high-carbohydrate, low-fat diet for 4 weeks
while admitted to a clinical research facility [43].
The primary end point of this study was on PN
weaning not intestinal absorption or body com-
position. Following treatment, patients were dis-
charged and instructed to continue with oral
glutamine and the modified diet. Patients were
allowed to continue the use of other standard
treatments used in SBS such as antimotility and
antisecretory medications and oral rehydration
solution. Follow-up data were reported for
1 year. Most patients (n = 39) were dependent
on PN, while several patients (n=8) were
referred due to the lack of central venous access
and progressive malnutrition in order to prevent
the need to initiate PN. After 4 weeks of treat-
ment, 27 patients (57%) had eliminated PN use,
14 (30%) were able to reduce their PN require-
ments and six (13%) experienced no change in
PN requirements. Inability to make any reduc-
tion in PN requirements was only seen in end-
jejunostomy patients. A year later, 19 patients

(40%) remained off PN while 19 (40%) others

Figure 1. Intestinal absorption of energy, carbohydrates and fat after treatment with

r-hGH or placebo in short bowel syndrome patients.
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*p < 0.002 vs placebo; **p < 0.04 vs placebo.
r-hGH: Recombinant human growth hormone.

Reproduced with permission from [11], © 2003 American Gastroenterological Association.
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were on reduced PN and nine (19%) were
receiving PN at levels similar to their initial
pretreatment requirements.

The same group of investigators then evalu-
ated the SBS patients who were able to eliminate
or reduce PN and compared them with those
who were unable to reduce their parenteral sup-
port after 4 weeks of treatment [44]. They found
that the patients who were unable to be weaned
from PN were slightly older (p = 0.02) and had
Crohn’s disease as the underlying cause for resec-
tion (p = 0.04). In addition, patients who had no
change in their PN requirements tended to have
larger stool output (p < 0.002). The most dis-
criminating predictor of successful PN elimina-
tion was a bowel length-body weight ratio of
0.5 cm/kg or more. Interestingly, no significant
difference among the three groups based on
remaining bowel length was observed.

In follow-up to this study, these investigators
conducted a larger open-label study involving
61 SBS patients who were treated daily with a
mean r-hGH dose of 0.09 mg/kg plus oral
glutamine 30 g in combination with an indi-
vidualized diet based upon their remaining
bowel anatomy (45]. This treatment continued
for 4 to 6 weeks, once again while admitted to a
clinical facility for intense monitoring and edu-
cation, afterwards patients were discharged
with instructions to continue on the glutamine
and modified diet. PN status after 1 year of fol-
low-up was the primary end point. Of the 61

enrolled patients, 49 were PN-dependent and
12 were treated to prevent initiation or resump-
tion of PN. Of the 49 patients infusing PN at
study entry, 20 (41%) were completely weaned
from PN and remained off PN at 1 year, 25
(51%) had a reduction in PN requirements and
four (8%) had no change in PN requirements
(Figure 2). In patients without a colon, elimina-
tion of PN occurred only in those patients who
had 100 cm or less of remaining small bowel.
Of the 12 patients not on PN at study entry,
75% remained PN-free at 1 year.

These results have recently been confirmed in
open-label case series published by other investi-
gators. Zhu and colleagues treated 27 SBS
patients with r-hGH, glutamine and modified
diet (46]. Interestingly, these patients were treated
much earlier in relation to the onset of SBS
compared with the other studies (mean:
86 + 105 days). Of 13 patients followed for
more than 1 year, ten (77%) were weaned com-
pletely from PN prompting the investigators to
conclude that early initiation of this therapy
promotes intestinal adaptation and increases
patients ability to wean from PN. More recently,
Weiming and colleagues treated 37 SBS patients
with r-hGH and oral glutamine for 4 weeks in
addition to a high-carbohydrate, low-fat diet and
supplemental enteral nutrition support via a feed-
ing tube [47]. Most were treated within 2 years of
the onset of SBS. Of the 23 patients followed for
more than 2 years, 21 were weaned completely

Figure 2. Parenteral nutrition use 1 year after treatment.
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r-hGH: Recombinant human growth hormone.
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Reproduced with permission from [45], © 2002 Elsevier, Inc.

(n=12)
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from PN — 18 of these were maintained on an
oral diet supplemented with enteral nutrition,
while the other three were on oral diet alone.

While encouraging, these studies are clearly
limited by their uncontrolled design, making it
difficult to determine the relative importance of
the individual components of this bowel rehabil-
itation regimen (i.e., diet/education, oral rehy-
dration solution and glutamine or r-hGH) in
helping to wean patients from PN. The conflict-
ing findings from the randomized, controlled tri-
als on intestinal absorption also contribute to the
lack of certainty on the clinical utility of this
treatment program. To address some of these
concerns, Byrne and colleagues recently com-
pleted a randomized, double-blind, controlled
trial of r-hGH combined with an individualized
specialized oral diet (SOD) and oral glutamine
in 41 patients with PN-dependent SBS requiring
3000 calories/week or more 48]. These patients
were admitted to a clinical facility and were sta-
bilized for 2 weeks on a SOD, antimotility med-
ications, oral rehydration solution and the PN
formula they were receiving at home. Following
the stabilization period, they randomly received
one of three treatments:

* Oral glutamine (30 g/day) + r-hGH placebo
(control group [n = 9])

* Glutamine placebo + r-hGH (0.1 mg/kg/day)
(n=16)

¢ Glutamine + r-hGH (n = 16)

Treatment
additional weeks. After this period, the patients
were discharged with instructions to continue
on the SOD and glutamine or glutamine pla-
cebo for 12 additional weeks. The primary end
point was the change from baseline in
the weekly total PN volume (PN + lipids + sup-
plemental intravenous fluids). Secondary end
points included the reduction from baseline
in weekly PN calories and frequency of PN
administration. Intestinal absorption studies

continued ‘in-house’ for 4

were not performed in this study, nor were
morphologic assessments of the small intestine.

After 4 weeks of treatment, patients receiving r-
hGH and SOD with or without glutamine
showed significantly greater reductions in total PN
volume, calories and frequency compared with
patients receiving glutamine and SOD (i.e., the
control group) (Figure 3). Importantly, the patients
receiving all three interventions (i.e., r-hGH,
glutamine and SOD) achieved the greatest reduc-
tions in these parameters with a mean reduction in

PN volume (r-hGH + glutamine + SOD: -7.7;
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vs -hGH + SOD: -5.9; vs glutamine + SOD:
-3.8 I/week), PN calories (-5751 vs -4338 vs -2633
kcal/week), and PN infusions (-4.2 v. -3.0 vs.
-2.0 days/week) compared with baseline. After
12 additional weeks, only patients who had
received r-hGH with glutamine and SOD main-
tained  statistically  significant
PN (Figure 3), and nine patients eliminated PN
use. Despite these PN reductions, the patients
who received r-hGH with glutamine and SOD
were able to maintain body weight, body water

reductions in

and adequate urine output suggesting stability of
their nutritional and fluid status. These most
recent data suggest:

e While treatment with -hGH and a SOD is
effective in reducing PN requirements in SBS
patients, glutamine is of additional benefit

* The effects of -hGH treatment with glutamine
and a SOD persist after discontinuation of

r-hGH

A 2-year retrospective follow-up of 55% of the
original cohort found that 78% of patients
(seven out of nine) who were weaned entirely
from PN at week 18 remained PN-free [48]. Of
the two patients who did not remain PN-free,
one resumed PN temporarily and the other
resumed PN at a reduced level.

Pharmacokinetics, dose

& administration

Data concerning the pharmacokinetics of
somatropin were obtained from the manufac-
turer’s prescribing information [49]. Somatropin
has a bioavailability of 70 to 90% following
subcutaneous injection with a maximal serum
concentration achieved in 5 h and a mean elim-
ination half-life (¢;,,) of 4 h. No significant
accumulation of somatropin occurred after
repeat administration for 6 weeks. Somatropin
primarily undergoes proteolysis in the kidneys,
although some hepatic metabolism also occurs.
It is degraded into peptides and amino acids,
which are then returned to the systemic circula-
tion. The recommended daily dose is
0.1 mg/kg (maximum 8 mg/day), administered
subcutaneously once daily for 4 weeks. The
somatropin dose may need to be reduced by
half temporarily, stopped temporarily or dis-
continued altogether if adverse events occur.
Somatropin should be used in conjunction with
a specialized nutrition program with constitu-
ents depending upon the patient’s bowel anat-
omy and caloric needs, as well as optimal
conventional medical management of SBS.

61



DRUG PROFILE - DiBaise

Figure 3. Changes from baseline in parenteral nutrition requirements after 4 weeks of treatment.
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(A) Reduction in parenteral nutrition volume per week, (B) Reduction in parenteral nutrition calories per week and (C) Reduction in
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*p < 0.05 vs diet + glutamine control.
GLN: Glutamine; r-hGH: Recombinant human growth hormone; SOD: Specialized oral diet.
Reproduced with permission from [48], © 2005 Serono, Inc.
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Safety & tolerability

It is not uncommon to observe adverse events
with the dose of somatropin used for SBS. In the
study of Byrne and colleagues, the most com-
monly reported adverse event was fluid retention,
manifested as peripheral edema and arthralgia (34].
Reducing the r-hGH dose, limiting fluid intake
or administering diuretics were reported to mini-
mize these effects. In the study of Ellegard and
colleagues, in which a lower dose of r-hGH was
used, no serious adverse events relating to -hGH

occurred; however, five patients reported slight
stiffness of muscles or joints, two experienced
gynecomastia, one reported hand paresthesias and
one experienced nightmares, nasal obstruction
and an exanthema during the first week of
treatment [37]. No patients developed clinical
edema or arthralgia. In the study of Seguy and
colleagues, in which a dose between those of
Byrne and Ellegard was used, the most commonly
reported adverse events were arthralgia and
myalgia [11]. No serious adverse events relating to
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r-hGH occurred. There were no occurrences of
edema or glycosuria during active treatment.
Clinically significant peripheral edema, some-
times requiring diuretic administration or a
reduction in parenteral fluid administration, was
encountered commonly in the studies reported by
Scolapio and Szkudlarek (3839. In fact, all
patients in the Szkudlarek trial experienced
adverse events including one with gynecomastia
requiring a lumpectomy and one who underwent
surgery for carpal tunnel syndrome. Sleep distur-
bance, headache, nausea, fatigue and low-grade
fever were also reported by patients in the Scola-
pio study. Finally, in the study of Byrne and col-
leagues, all of the patients who received r-hGH
reported at least one adverse event [48,49). Periph-
eral and facial edema, arthralgias, gastrointestinal
symptoms, rhinitis and injection site reactions
were the most commonly reported adverse events.
While edema and arthralgias were more common
in patients receiving r-hGH # glutamine com-
pared with glutamine alone, the incidence of
gastrointestinal disturbances was not significantly
different for -hGH + glutamine compared with
glutamine alone. Serious adverse events reported
during treatment included chest pain, purpura,
fungal infection and pharyngitis in recipients of
r-hGH. All drug-related symptoms resolved with
dose reduction or drug discontinuation.

In summary, it is not uncommon to observe
adverse events with the relatively high dose of
somatropin used for SBS. The most common
adverse events include peripheral/facial edema,
nausea, flatulence, arthralgias and injection site
reactions. Serious adverse events appear to occur
infrequently. Importantly, many adverse events
may be attributable to these patients’ underlying
condition or to a complication of PN.

Expert commentary

The optimal management of the SBS is based on
balancing a minimal dependence on parenteral
support with maximal dietary and pharmacologic
modification. In order to ensure compliance, the
diet should be individualized based upon the
individual’s and personal
taste [50); however, perhaps the most important
element of the diet is for it to be a high-calorie,
hyperphagic diet [11,51. Pharmacologic treat-

bowel anatomy

ments mainly consist of antisecretory and anti-
motility agents together with micronutrient
supplementation and antibiotics as necessary [5].
Recently, somatropin has been added to the SBS
pharmacologic armamentarium. The primary
objective of somatropin is to enhance intestinal
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adaptation, thereby allowing a reduction of PN
support. Despite encouraging results on PN
weaning, the role of r-hGH remains controver-
sial, mainly due to conflicting results obtained
from the studies investigating its effects on
nutrient absorption.

It is difficult to reconcile the modest benefits
of the intestinal absorption studies with the dra-
matic findings from the PN weaning studies.
Part of the difference may be related to one or
more of a number of factors including numerous
study methodologic differences, such as:

¢ Small number of patients studied

* Dose of r-hGH wused (from 0.024 to
0.14 mg/kg/day)

* Length of treatment (3-8 weeks)

* Use of a modified diet (none, hyperphagic,
high-carbohydrate, individualized
and based on bowel anatomy)

low-fat,

* DPatient characteristics (presence of colon,
etiology of SBS and length of time on PN)

* Addition of glutamine

The difficulty in performing high-quality,
reliable balance studies may also be a factor. Cer-
tainly, it should be recognized that the contribu-
tion from an optimized diet can be substantial,
particularly with patients with colon-in-continu-
ity, and in the studies described previously, these
patients were most likely to be successfully
weaned from PN.

The explanation for the difference in durabil-
ity of the treatment effect
absorption [11,37-39]  compared with PN
weaning [43,45-48] also remains unclear. Clearly,

on nutrient

the use of PN weaning as the primary (clinically
relevant) end point is taking into account not
only alterations in nutrient and fluid absorption
but also other effects, known or unknown, that
may relate to other aspects of SBS patient care,
such as conventional SBS dietary and medica-
tion optimization and compliance. Nevertheless,
despite the difficulties of performing balance
studies, it has been suggested that the use of PN
weaning as the sole clinical end point after intro-
duction of new treatments in the SBS patient is
inappropriate and not to be recommended [52].
Appropriate patient selection appears to be
critical for the successful use of r-hGH as an
adjunct to PN weaning in SBS patients [53]. In
particular, while not absolute, those SBS
patients with at least a portion of colon remain-
ing, those without underlying mucosal disease in
the remaining bowel (e.g., Crohn’s disease and
radiation enteritis) and those without evidence
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of malnutrition at the onset of r-hGH therapy
appear to be the best candidates for this
therapy [11,54].

Another factor that may have played an
important role in the successful outcomes of the
studies of Byrne and colleagues [43-45.48] is their
conduct in a controlled in-patient-like setting
that allowed close monitoring of the patient sta-
tus and intensive dietary, education and behav-
ior modifications. This likely enhanced
compliance with the program both during and
after completion of the r-hGH administration
period. Despite the administration of somatro-
pin in an in-patient-like setting in the Wilmore
study, there is no US Food and Drug Adminis-
tration (FDA) restriction on out-patient somat-
ropin administration. It remains to be seen
whether similar results can be achieved in an
out-patient setting.

The study by Byrne and colleagues suggests
that the combination of glutamine with r-hGH
and a specialized diet is more effective than
r-hGH and diet alone (48]. Although it remains
controversial whether glutamine coadministra-
tion is necessary, given evidence of a potential
synergistic role of glutamine and r-hGH in ani-
mals and humans, at the present time, the use of
glutamine as was used in the clinical trial
(i.e., 30 g/day from the first day of r-hGH
administration to at least 12 weeks following the
end of r-hGH therapy) should be considered.

The gain of approximately 300 to 550 ml/day
in fluid and 250 to 450 kcal/day in energy ver-
sus the control group in the Byrne study (48] is
consistent with the gain observed in the study
by Seguy and colleagues (427 kcal/day), in
which balance studies were performed [11]. On
the basis of these findings, it can be extrapolated
that PN may be able to be reduced by one or
two infusions per week with this treatment.
Therefore, this approach seems best suited for
the ‘borderline’ PN-dependent patients. The
ability to wean patients completely from seven
infusions per week with this therapy in some of
the studies suggests that factors other than
r-hGH = glutamine are playing a role in those
patients” success [42].

While findings from the initial studies of
Byrne and colleagues suggest that -hGH can be
used to prevent the need for PN in SBS
patients [43-45], further studies are needed before
this preventative approach can be recommended
as -hGH resistance (and a lower likelihood of
response) may be seen in patients with baseline
protein calorie malnutrition [11,54]. At this time,

r-hGH should only be used in SBS patients on
PN who are unable to eliminate PN use despite
an optimized diet and conventional medical
management program.

Somatropin appears to be tolerable when
used in the doses and duration described in the
studies presented. Fluid retention, gastrointes-
tinal symptoms and injection site reactions
occur commonly; however, serious adverse
effects appear to be uncommon. How long the
benefit of somatropin will last remains
unknown. Although the FDA approval of
somatropin is based on a 4-week administra-
tion period, the balance studies indicate that
the duration of effect is limited to the treat-
ment period and the safety of long-term con-
tinuous treatment or intermittent 4-week
treatment with GH needs to be considered. In
particular, the potential for promoting the
development of colon cancer with long-term r-
hGH needs to be considered [55]. In this regard,
it should be noted that patients receiving r-
hGH replacement therapy (in which the IGF-1
levels are maintained in the normal range) do
not have an increased rate of colon cancer [56].
Moreover, mice with transgenic overexpression
of GH do not develop colon cancer [57]. This
may be related to GH-dependent upregulation
of suppressor of cytokine signaling (SOCS)-2,
with subsequent inhibition of the proliferative
effects of IGF-1 [58].

Outlook
Somatropin is the first pharmacologic treat-
ment for the treatment of PN-dependent SBS
patients approved by the FDA. While conflict-
ing data regarding its benefits exist, -hGH has
been shown to enhance intestinal absorption of
nutrients in SBS patients and seems to play a
role in allowing many of these patients to be
weaned from PN completely or to reduce their
PN requirements [59-61]. It appears that the
optimal clinical benefits are achieved when
patients are treated with r-hGH in combination
with glutamine and a SOD. Whether these
results can be reproduced when patients are not
treated in an in-patient-like facilicy and by less
experienced practitioners remains to be seen.
Given the findings from the intestinal
absorption studies, somatropin would appear to
be a useful adjunct, along with dietary modifi-
cations and other standard pharmacologic ther-
apies in the borderline SBS patient on PN. At
this time, somatropin is only approved for
adults with SBS who require PN support. It
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should be used under the guidance of a physi-
cian, and preferably a dietitian also experienced
in the management of SBS, with an expectation
that these patients need to be monitored closely
during and after its use. Further study is needed
regarding the persistence of effect after treat-
ment and the need for optimal dosage and
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length of administration for subsequent courses
of somatropin as well as its safety, long-term
benefit and use in the pediatric and geriatric
populations. Despite many unanswered ques-
tions, the FDA approval of somatropin in the
USA has opened the door to the clinical use of
trophic gut factors in SBS.

Highlights

intestinal adaptation.

¢ The management of short bowel syndrome is complex and frequently requires parenteral nutrition support to ensure the
sufficient administration of nutrients and fluids. Despite advances in the provision of parenteral nutrition, this mode of nutritional
support carries with it significant risks to the patient, impairs quality of life and is costly.

¢ Intestinal adaptation plays a key role in the successful management of patients with short bowel syndrome. Recent investigations
have focused on the use of trophic substances to increase the absorptive function of the remaining gut.

e Published reports from a number of studies using animal models and humans with short bowel syndrome have demonstrated
conflicting findings regarding the efficacy of recombinant human growth hormone (-hGH) to stimulate intestinal absorption.
Substantial methodologic differences among the studies prevent definitive conclusions regarding the benefit of this therapy on

¢ In a recent randomized, controlled trial of somatropin (i.e., -hGH), glutamine and a specialized oral diet in patients with

parenteral nutrition-dependent short bowel syndrome, treatment with somatropin resulted in significant reductions in parenteral
nutrition requirements compared with the control group.

Somatropin appears to be well tolerated with generally manageable side effects. Fluid retention, gastrointestinal symptoms and

injection site reactions occur commonly; however, serious adverse effects appear to be uncommon.

Optimal clinical benefits appear to be achieved when somatropin is administered in combination with glutamine and a specialized
oral diet. It should be used under the guidance of clinicians experienced in the management of short bowel syndrome, with the
expectation that these patients need to be monitored closely during and after its use.

Further study is needed regarding the persistence of effect after treatment and the optimal dosage and length of administration
for subsequent courses of somatropin as well as its safety, long-term benefit and use in the pediatric and geriatric populations.
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