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Treatment of DR
With Somatostatin
Analogues:

Where

Do We

Go From Here?
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revention is the best approach to diabetic retinopa-

thy. Intensive glucose management can delay onset

and progression of retinopathy in diabetic

patients,’ particularly in combination with hyper-
tension and lipid control.>* In patients failing this approach,
panretinal photocoagulation (PRP) is both clinically effective
and cost-effective in managing proliferative diabetic
retinopathy (PDR). Pharmacological approaches may repre-
sent an alternative to PRP in selected patients and may be
used in combination with PRP in patients who have failed
PRP alone.

PDR pathogenesis is multifaceted.> Pharmacological
therapies targeting multiple PDR mechanisms may provide
more efficacious treatment strategies. The best studied
approaches include protein kinase C (PKC) inhibition,®

tein coupled receptor subtypes SSTR1-5"" and affecting
hormone secretion, neurotransmission, cell proliferation,
smooth muscle contraction, nutrient absorption, inflam-
mation and angiogenesis. SST was found in markedly
reduced levels in the vitreous of PDR patients with active
neovascularization, suggesting that it is an endogenous
antiangiogenic factor. Short circulation half-life and mul-
tifaceted systemic effects have limited the therapeutic
use of the natural peptide.

Sandoz (Basel, Switzerland) initiated a program for
development of long-acting SST analogues. This led to
synthesis of octreotide (SMS 201-995)," a compound-
inhibiting GH, glucagon and insulin secretion more active-
ly than native SST with a half-life of 2 hours after subcuta-
neous administration (Figure 1). Octreotide (Sandostatin;

improvement of endothelial pre-
cursor function’® and growth
hormone (GH) and growth factor
antagonist.’ @—e
SOMATOSTATIN THERAPY

A promising area of pharmaco-
logical research is GH/insulin-like
growth factor-1 (IGF-1) blockade
with synthetic analogues of
somatostatin (SST). SST is a neu-
ropeptide with reported potent
inhibitory effects on pituitary GH
secretion.'® SST has multiple

Novartis, Basel, Switzerland) was
approved by the US Food and
Drug Administration for the
treatment of acromegaly and the
symptomatic treatment of
diverse hypersecretory neuroen-
docrine tumors.™1°
GH-hypersecretion was linked to
retinopathy when it was observed
that a diabetic patient with PDR
had spontaneous resolution of her
neovascularization following post-
partum pituitary infarction.'® DR
progression was delayed by con-

functions, acting via five G-pro-

Figure 1. Structure of octreotide (SMS 201-995).

trolling excess GH'"" through pro-
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cedures such as hypophysectomy, pituitary yttrium implan-
tation and alpha-particle pituitary radiation. The degree of
retinopathy regression was proportional to the degree of
GH deficiency achieved. GH-deficient dwarfs with diabetes
were free of microvascular complications over the course
of 3 decades.?’ There was a reduced retinopathy incidence
in diabetic patients with hemochromatosis and pituitary
dysfunction.”!

The mediator of GH’s mitogenic actions is IGF-1. Increases
in serum IGF-1 preceded the acute progression of retinopa-
thy in a prepubertal patient with chronic insulin deficiency.??
Intense insulin therapy increased serum IGF-1 between 70%
and 220% and worsened retinopathy.2? This observation was
independently confirmed in patients in the Diabetes Control
and Complications Trial (DCCT) on intensive insulin manage-
ment2%% |t was hypothesized that increasing insulin therapy
and improving blood glucose control in a poorly controlled
individual leads to liver insulinization (ie, increased hepatic
IGF-1 production and retinal neovascularization). 2%

Octreotide inhibited growth factor-stimulated prolifera-
tion and migration in endothelial cells.”” The direct antipro-
liferative effect of octreotide includes cell cycle arrest via
SSTR2, apoptosis via SSTR3 stimulation'" and SSTR1-
mediated effects on angiogenesis.?®

Octreotide was efficacious in the oxygen-induced

Treatment of Diabetic Retinopathy Study (ETDRS) fundus
photography. The Wisconsin Central Reading Center grad-
ed the fundus photographs according to ETDRS criteria. The
primary outcome was DR progression as defined by the
ETDRS retinopathy severity scale for one or two eyes. Key
secondary outcomes included change in overall visual acuity
that was defined as time to loss of = 15 letters on the ETDRS
visual acuity scale and changes in macular edema between
baseline and follow-up visits. Drug safety and tolerability
were also carefully monitored.

Importantly, both studies had similar distribution of
retinopathy severity on the ETDRS scale with 20% to 25% of
patients already at low-risk PDR at study entry — and similar
distribution of ETDRS-rated visual acuity. Most patients
scored within or above 70 to 84 letters, whereas approxi-
mately 20% scored within or below 55 to 69 letters.

The demographics and baseline characteristics were com-
parable between the two studies. In Study 804, however,
patients had higher body mass index (two units), and more
patients had neuropathy, cataracts, macular edema and pho-
tocoagulation at study entry. The Study 804 octreotide
group included fewer smokers, and the placebo group dis-

TABLE 1. SUMMARY OF OCTREOTIDE

CLINICAL TRIALS CONDUCTED BY NOVARTIS

) ) e Parameters Study 802 Study 804
retinopathy (OIR) model.?? Systemic octreotide injection
in rats with variable hyperoxia exposure, however, did Number of 285 313
not significantly reduce retinal neovascularization.*® participants
These data suggest that systemic administration of SST Numbef of 61 36
analogues does not always result in sustained therapeu-  |testing sites
tic reduction of circulating IGF-1 levels, and subsequent Location Europe North America,
local treatment may be necessary. Additionally, long- Brazil
term therapy leads to desensitization.’ Treatment Placebo, 20 mg and Placebo and 30 mg
Several nonpeptide SSTR2 agonists with potencies groups 30 mg octreotide LAR  [octreotide LAR

comparable with octreotide have been developed.
They inhibited retinal neovascularization in a dose-
dependent manner when given systemically in the OIR
model and intravitreally in the choroidal neovascular-
ization model.3?

Progression to
retinopathy

No change vs control
30 mg (P=9067)

20 mg (P=.9436)

30 mg vs.20 mg
(P=9073)

Delayed (P=.00430)
30 mg vs control

CLINICAL TRIALS USING OCTREOTIDE
In 1999, Novartis initiated two phase 3 multicenter,
randomized, double-masked, placebo-controlled stud-

Progression to
macular edema

No difference vs
control
(P=8751)

No change vs control
30 mg (P=.7245)
20 mg (P=.9751)
30 mg vs 20 mg

ies in moderate-to-severe nonproliferative DR (NPDR) (P= 7242)

and low-risk PDR patients. They included the IargesF- Loss of visual  |Delayed 30 mg vs control [No difference vs
ever cohort of patients Yvho were at .moderate-.to-.hlgh e (P=0032) control

risk of progressing to V|S|on-th.reaten|ng. PDR within ETDRS scale N = e 20 T (P=1054)

the study time frame. The patients received therapy control

for an average 4 years, with a maximum treatment (P=6360);

duration of 6 years. Ophthalmologic assessments 30 mg vs 20 mg

included visual acuity measurements and semiquanti- (P=1137)

tative, stereoscopic, seven-field, color, 30° Early
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continued at a lower rate. In Study 804, the time to progres-
sion of retinopathy, but not the time to development/pro-
gression of macular edema, was significantly delayed in the
octreotide group (Table 1).

In Study 802, octreotide had no significant effect upon the
time to progression of retinopathy or macular edema; but
visual acuity loss was delayed in the 30-mg group (Table 1).In
both studies, octreotide groups had reduced serum IGF-1 lev-
els with fewer patients needing vitrectomy compared with
control. In conclusion, the primary objective was achieved in
Study 804 — octreotide LAR (30 mg) delaying the time to pro-
gression of retinopathy. Visual acuity improvement showed a
strong trend in both trials. The adverse event profile was simi-
lar to that reported with subcutaneous octreotide.

DISCUSSION

SST analogues are safe and effective for the treatment of
severe diabetic retinopathy, however, clinical results with
octreotide for DR have been variable but furnished some
critical information. Good results were observed in patients
with severe NPDR and low-risk PDR receiving high dosage
regimens. Also, patients with ischemic eyes and iris neovas-
cularization responded particularly well to octreotide, possi-
bly due to the IGF-1-driven character of the condition. The
need for high doses in some patients suggests a direct effect
on SST receptors (SSTRs) in ocular tissues. Systemic
octreotide may inadequately penetrate the blood retinal bar-
rier (BRB). Local administration of SST analogues could be a
better approach. Additionally, it is crucial to identify the
most responsive patient populations.

For optimal systemic effect, the drug must cross the BRB,
and drug levels in the retina must be high enough to diffuse
to the ischemic areas, preventing the release of proangio-
genic factors and subsequent neovascularization. While
octreotide blocks local and systemic production of proan-
giogenic GH and IGF-1, studies also support that retinopathy
cessation and/or regression with improvements in visual acu-
ity may occur without significant changes in serum GH or
IGF-1 levels. Thus, the autocrine and paracrine effects of SST
may be particularity important, as SST analogues can act
directly on retinal endothelial cells and RPE cells, which are
known to express SSTRs.

Clinical trial results support the use of octreotide long-act-
ing release (LAR) for patients with advanced disease to
decrease vision impairment. Octreotide LAR remains the only
therapeutic alternative for patients who fail PRP. A better
understanding of retinal SSTR pharmacology and of retinopa-
thy will allow optimization of future PDR treatment. |

Stela S. Palii, PhD, and Maria B. Grant, MD are both from
the University of Florida in Gainesville. Dr. Grant is a profes-
sor of pharmacology and therapeutics. She may be reached

DIABETES

at grantma@pharmacology.ufl.edu. The work described
was supported in part by grants from the Juvenile Diabetes
Foundation (JDF 4-2000-847) and the National Eye Institute
(EY012601 and EY007739).

1. DCCT. The effect of intensive treatment of diabetes on the development and progression of
long-term complications in insulin-dependent diabetes mellitus. The Diabetes Control and
Complications Trial Research Group. N Engl J Med. 1993;329:977-986.

2. DCCT. Retinopathy and nephropathy in patients with type 1 diabetes four years after a trial
of intensive therapy. The Diabetes Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications Research Group. N Eng/ J Med. 2000;342:381-389.

3. UKPDS. Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33).
UK Prospective Diabetes Study (UKPDS) Group. Lancet. 1998;352:837-853.

4. Klein R, Klein BE, Moss SE, Cruickshanks KJ. The Wisconsin Epidemiologic Study of dia-
betic retinopathy. XIV. Ten-year incidence and progression of diabetic retinopathy. Arch
Ophthalmol. 1994;112:1217-1228.

5. Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature.
2001;414:813-820.

6. Way KJ, Katai N, King GL. Protein kinase C and the development of diabetic vascular com-
plications. Diabet Med. 2001;18:945-959.

7. Urbich C, Dimmeler S. Risk factors for coronary artery disease, circulating endothelial pro-
genitor cells, and the role of HMG-CoA reductase inhibitors. Kidney Int. 2005;67:1672-1676.
8. Vasa M, Fichtlscherer S, Adler K, et al. Increase in circulating endothelial progenitor cells
by statin therapy in patients with stable coronary artery disease. Circulation. 2001;103:2885-
2890

9. Grant MB, Caballero S, Jr. The potential role of octreotide in the treatment of diabetic
retinopathy. Treat Endocrinol. 2005;4:199-203.

10. Brazeau P, Gullemin R. Editorial: Somatostatin: newcomer from the hypothalamus. N Eng/
J Med. 1974;290:963-964.

11. Patel YC. Somatostatin and its receptor family. Front Neuroendocrinol. 1999;20:157-198.
12. Hernandez C, Carrasco E, Casamitjana R, Deulofeu R, Garcia-Arumi J, Simo R.
Somatostatin molecular variants in the vitreous fluid: a comparative study between diabetic
patients with proliferative diabetic retinopathy and nondiabetic control subjects. Diabetes Care.
2005;28:1941-1947.

13. Bauer W, Briner U, Doepfner W, et al. SMS 201-995: a very potent and selective octapep-
tide analogue of somatostatin with prolonged action. Life Sci. 1982;31:1133-1140.

14. Blanchin M, James-Deidier A, Chaumet-Riffaud PD, Chayvialle JA. Use of octreotide in
the treatment of digestive endocrine tumors. A French multicenter study. Presse Med.
1992:21:697-702.

15. Racine MS, Barkan AL. Somatostatin analogs in medical treatment of acromegaly.
Endocrine. 2003;20:271-278.

16. Poulsen J. The Houssay phenomenon in man: recovery from retinopathy in a case of dia-
betes with Simmonds' disease. Diabetes. 1953;2:7-12.

17. Alzaid AA, Dinneen SF, Melton Lr, Rizza RA. The role of growth hormone in the develop-
ment of diabetic retinopathy. Diabetes Care. 1994;17:531-534.

18. Hyer SL. Growth hormone suppression in diabetic retinopathy. Diabetologia.
1987;30:534A.

19. Kohner EM, Oakley NW. Diabetic retinopathy. Metabolism. 1975;24:1085-1102.

20. Merimee TJ. Metabolic and clinical studies in growth hormone deficient dwarfs: a ten year
follow-up. N Engl J Med. 1978;298:1217-1222.

21. Griffiths JD, Dymock IW, Davies EW, Hill DW, Williams R. Occurrence and prevalence of
diabetic retinopathy in hemochromatosis. Diabetes. 1971;20:766-770.

22. Chantelau E, Eggert H, Seppel T, Schonau E, Althaus C. Elevation of serum IGF-1 pre-
cedes proliferative diabetic retinopathy in Mauriac's syndrome. BrJ Ophthalmol. 1997;81:169-
170.

23. Chantelau E. Evidence that upregulation of serum IGF-1 concentration can trigger acceler-
ation of diabetic retinopathy. BrJ Ophthalmo/1998;82:725-730.

24. Daneman D, Lobes LA, Becker DJ, Drash AL. Diabetic retinopathy in Mauriac’s syndrome.
Paradoxical deterioration with improved metabolic control. Refina. 1981;1:84-87.

25. Davis MD, Fisher MR, Gangnon RE, et al. Risk factors for high-risk proliferative diabetic
retinopathy and severe visual loss: Early Treatment Diabetic Retinopathy Study Report #18.
Invest Ophthalmol Vis Sci. 1998;39:233-252.

26. Hyer SL, Sharp PS, Brooks RA, Burrin JM, Kohner EM. Serum IGF-1 concentration in dia-
betic retinopathy. Diabet Med. 1988;5:356-360.

27. Grant MB, Caballero S, Millard WJ. Inhibition of IGF-I and b-FGF stimulated growth of
human retinal endothelial cells by the somatostatin analogue, octreotide: a potential treatment
for ocular neovascularization. Regul Pept.1993;48:267-278.

28. Lamberts SW, de Herder WW, Hofland LJ. Somatostatin analogs in the diagnosis and
treatment of cancer. Trends Endocrinol Metab. 2002;13:451-457.

29. Higgins RD, Yan Y, Schrier BK. Somatostatin analogs inhibit neonatal retinal neovascular-
ization. Exp Eye Res. 2002;74:553-559.

30. Averbukh E, Halpert M, Yanko R, et al. Octreotide, a somatostatin analogue, fails to inhibit
hypoxia-induced retinal neovascularization in the neonatal rat. /nt J Exp Diabetes Res.
2000;1:39-47.

31. Lamberts SW. A guide to the clinical use of the somatostatin analogue SMS 201-995
(Sandostatin). Acta Endocrinol Suppl. (Copenh) 1987;286:54-66.

32. Grant MB, Caballero S, Mames RN, Shapiro G. Designer Drugs: Peptidomimetics of
Somatostatin Specifically Target Ocular Neovascularization. /nvest Ophthalmol Vis Sci.
2005;46:E-Abstract 4171.

FALL 2006 | RETINA TODAY | 17



