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Comments on “Clinical Value of Monitoring Plasma
Octreotide Levels During Chronic Octreotide
Long-Acting Repeatable Therapy inCarcinoid Patients”

To the Editor:
In the July 2008 issue of Fancreas,
Woltering et al’ have reported a decline
in serum octrectide levels for 86 patients
in their clinical practices compared with
“historic™ levels reported by Eubin et al’®
in 1999 and Woltering et al” in 2005, The
authors state that their analysis was
prompted by an apparent increase in
episodes of flushing, diarrhea, and
wheezing among their patients receiving
stable or increasing doses of Sandostatin
LAR (octwreotide acetate). Among the
hypotheses presented to explain their
observation of lower octreotide levels,
Woltering et al have suggested that a
change in the drug formulation or its
preparation has “dramartically decreased™
the bicavailability of Sandostatin LAR.
In pesponse to the gquestions raised by
Weltering et al, we conducted an exten-
sive review of the authors’ data, other
published reports, and internal records.
This review shows that
+ Sandostatin LAR guality and effica-
¢y have remained consistent since
approval;

= all Sandostatin LAR released for dis-
tribution has met specifications for all
process parameters and Good Manu-
facturing Practice (GMP) reguirements;

+ the authors’ data are incomplete, and
their conclusions cannot be verified,
and

* the purported decling in octrectide
levels between 2003 and the present
18 very likely an anomaly cacsed by
selection bias andior the effect of
patient characteristics described below.

Since Sandostatin LAR was ap-
proved in the United States in 1998, tens
of thousands of patients have used the
medication to control the svmptoms of
carcinoid tumors as well as acromegaly.
In acromegaly, efficacy is strongly cor-
related with octreotide plasma level,
whereas no such relationship exisis
for carcinoid svndrome as noted by
Woltering et al’ in their 2005 publica-
tion. This published finding is incon-
sistent with the authors’ present assertion
that “Early in owr clinical experience
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TABLE 1. Mean = 50 Trough Cctreotide Level {in pg/mL) After hMonthly Doses of

30 mg Sandostatin LAR

SMSE35] 1239
Third dose 4430 + 4370 =20 (14 M4 F) 3430 + 2320 n =215 (13 M/12 F)
Fourth dose 3093 + 1590 = 19 (14 U35 F) 4200 + 2820 o= 18 (9 M F)

M indicates male; F, female.

with octreotide level measurement, we
noticed that patients who had increasing
symptoms also had significant decreases
in their octreotide plasma levels.” In
current clinical practice, carcinoid pa-
tients are dosed to control symproms, not
to a target octreotide level. Data from
validated physician surveys beginning in
2003 and comtinuing until the present
time have shown consistent satisfaction
with Sandostatin LAR for the treatment
of both carcinoid syndrome and acro-
megaly. In addition, a review of pub-
lished data from multiple independent
sources has shown consistent clinical
efficacy with Sandostatin LAR in the
rreatment of patients with either carci-
noid syndrome of acromegaly.

Movartis Oncology has attempted
to understand the ‘Woltering et al obser-
vations by conducting our own inguiry
into this matter. Our first step was o
perform a detailed and comprehensive
review of the data penerated for the
Sandestatin LAR product’s batch release
and stability monitoring, This investiga-
tion determined that all data for drug
product released since 1998 and uniil the
present time met all specifications.
Furthermore, all GMP requirements for
the manufacturing, holding, distribution,
and monitoring of the product for
this same pericd were met. There is
no evidence of a pre- versus post-2005
change in manufacturing and guality
conteel procedures that would affect
the product’s bioavailability.”

Woltering et al have reported that
in their patients who received 30 mg/mo
of octreatide by contimaous subcutaneous
infusion, plasma octrectide levels were
3819 = 3105 pg/mL. In the 2 pivotal
studies in acromegaly patients (C201 and
C202) conducted by MNowvartis, the
relative bioavailability of Sandostatin
LAR in comparison to subcutineous
octreotide was 43%5; other studies
showed the range to be 530% to 60% in
healthy subjects. The relative bioavail-
ability of Sandostatin LAR in carcinoid
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patients is not known but should parallel
that observed in acromegalic patients
rather than healthy subjects. Therefore,
the data of Woltering et al support an ex-
pectation of approximately 2500 pg/mL
(043 = 3800) in the average octreotide
steady-state level of intramuscularly
administered Sandostatin LAR. In the
authors™ patients, monthly dosing with
30 me intramuscular Sandostatin LAR
peoduced trough levels of 2205 + 1793
pe/mL. Clinical data show that trough
levels of Sandostatin LAR are 10% to
12% lower than average levels. There-
fore, the expected trough level based
on the subcutaneous infusion data of
Woltering et al would be 0.9 = 2500 =
2250 pg/mL, demonstrating no decline in
the product’s bicavailability.

This conclusion is further sup-
ported by the octreotide levels ob-
served in an onpgoing clinical trial,
CRADDOIC2239, a prospective, well-
controlled study comparing the efficacy
and safety of Novartis® developmental
compound BEADOD] in combination
with Sandesiatin LAR in the treatmernt
of neurcendocrine tumors. The follow-
ing table (Table 1) compares the steady-
state trough octreotide levels in this
study with SMSE351, the registration
study for Sandostatin LAR, which was
conducted in 1996/1997 and reported by
Rubin et al® in 1999.

There was no meaningful differ-
ence in steadv-state octrectide levels
between the 2 studies. Nowvartis On-
cology considers this finding to be sig-
nificant because C2239 was conducted
at the same time as the observations of
Woltering et al. It is unlikely that
RADOD] would affect octrectide levels,
because the 2 compounds are cleared
from the svstemic circulation by different
mechanisms and are not extensively
bound to plasma proteins.

In the study of Waltering et al’
in 2008, the authors have suggested that
the patient composition in their report
is similar te that in “2 previously

published reports.” However, the authors
provided no data perfaining to patient
charactenstics (o support this statement.
Their clinical practices include many
clinically challenging patients who have
been referred by other physicians
throughowt the United States, resulting
in a level of self-selection that can
reinforce the influence of interpatient
variability. This is very significant be-
cause high interpatient variability in
octrectide levels has been recognized
since the earliest trials of Sandostatin
LAR in patients with carcinoid syn-
drome. Women and older patients had
higher mean levels of cctreotide than
men and younger patients, and the rise
o steadv-state octreotide level was
slower for women than for men.”

In their 2005 swdy, Weltering
et 21’ noted the impact of sex and body
welght on octrectide levels. However,
they have not categonzed patients in
their 2008 study according to these
criteria. We have confirmed the signifi-
cance of these demographic covariates
in a mixed-effects modeling analysis of
767 patients in 7 Sandostatin LAR
sindies conducted between 1996 and
2007, including the abovementioned
stndies SMSE35] and C2239. In our
analysis, we observed that, in addition to
sex and body weight, a patient’s age,
hepatic function, renal function, and lean
body weight affect octreotide levels."
Therefore, the varation in mean octreo-
tide levels when grouped by time
inte small data sets of as low as 8 or
10 patients per set (see tables 1-3 of
Woltering et al’) may be explained by
interset differences in these important
patient covariates. The authors’ data set
of 162 actrectide level determimations in
86 patients, of whom 60 provided
“multiple measurements,” is clearly too
small to derive meaningful conclusions
based on intrapatient values.

Our analysis suggests that the
unusuwally high “historic” octreotide
level of 3200 pg/mL with 30 mg
Sandoestatin LAR in the 20035 study
of Woltering et al,” which is used as
a comparater to the 2008 stody of
Woltering et al,” may be due to the pre-
ponderance of female patients in this
data set. Other patient variables as well
as the analytical characteristics of the
I[5] radioimmunoassay [0 measure
octreptide could also have contributed
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to the apparently lower current octrectide
values in comparison o the “historic”
values. Thus, the assertion of Weoltering
et al in 2008 of no statistically significant
change in the I5] octreotide assay
between 2003 and their present study
requires further substantiation, given the
clearly lower levels for the current
analyses, some by more than 20%, in all
but one of the specimens analyzed (see
figure 1 of Woltering et al').

When first informed of the
Woltering et al’ 2008 observations, we

requested the data for inclusion in our
i wod _afTants mmeda]l analooic Tha Aata
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set provided to us by Woltering et al
contained numerous inconsistencies and
was missing information that we have
not been able to reconcile despite our
many requests for assistance. We there-
fore have not been able to accurately
reproduce from their data set the
means and SDs shown in tables 1 o 3
of Woltering et al.” Despite these limita-
ticns, the incomplete data set provided
by Woltering et al sogpests that sex
effects and the other abovementioned
patient characteristics could explain
at least some of the apparent differ-
ences between the authors” current and
“historic™ data.

In summary, there is no evidence
supporting the claims of Woltering et al
suggesting a change in the bioavailability
of Sandostatin LAR. Given this, the
averall tone of the Weltering et al article
is regrettable becawse it could create
confusion for physicians and undue anxi-
ety among patients who are being treat-
ed successfully with Sandestatin LAR.

Horst F. Schran, PhD*

Douglas F. Hager, PhD¥
*Clinical Pharmacology

and *3zndostatin LAK Speczl Project
Novartis Oncology

Flotham Park, NI

douglas haperEnovartis com
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Renly:

We appreciate the opportunity to
respond to the letters to the editor that
our recent article engendered. Im re-
sponse to the letter from Drs Schran and
Hager, we would like to make the fol-
lowing points,

We are happy that our article
prompted an extensive review of changes
in the manufacthuring practices for octreo-
tide LAR that occurred after 2004 and are
delighted that you can assure the readers
that the changes in drug levels that we
observed are not due to chamges in your
manufacturing processes. Unfortunately,
this is only one of several potential con-
ditions that could account for our ob-
servations. We feel that we also must
investigate the other proposed potential
mechanisms for lower plasma drug lev-
els before attributing these changes to
patient selection bias and “incomplete™
data. Unforunately, the Novartis team
did not help shed light on these aother
possible causes of the current plasma
levels of octreotide that we are currently
absarving.

The Movartis Oncology team criti-
cizes our calculation based on bioavail-
ability of expected plasma drug levels
for LAR at a dose of 30 mg/mo. In the
Movartis retort, they claim that our cal-
culation of theoretic plasma levels based
on bicavailability and a monthly dose of
30 mg of octrectide obtained prospec-
tively in patients undergoing continuous
administration of octreotide by subcuta-
neous infusion of 1 mg of octrectide per

day (30 mg/mo) was not correct. They
claim that bioavailability of LAR when
compared with immediate-release oc-
treptide should be 43%%, not the 60%
figure we used for our caleulation. In our
article, we have noted that patients re-
ceiving octreptide by subcutaneous in-
fusion had a mean octreotide level (not
trough because the infusion was con-
stant) of 5819 £ 3105 pg/mL. When this
15 multplied by a 63% bioavailability,
the theoretic plasma level should be
3666 pg/mL, not 2500 pg/mL, as claimed
by the Novartis team.” The data provided
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approved for distribution as a package
insert by the FDA claim that the bio-
availability of LAR is 60% to 63% when
LAR was compared with immediate-
release octreatide.” We used these data
fior cur calculations, assuming that it was
accurate.

Schran and Hager claim that “the
analytical characteristics of the 151 ra-
dicimmunoassay to measure cctreotide
could also have coniributed to the ap-
parently lower current octreotide values
in comparison to the ‘historic” values.”
T determine if this statement might
be true, we investigated the performance
of our current assay versus previously
published Novartis'Sandoz octreotide
assavs. One of our authors (T.ALOY)
published the octrectide radicimmunc-
assay using the Marbach-Sandoz octrec-
tide antibody in 1987." We repeated our
assays using identical parameters for
incubate volumes and compared the
results of the current dav assay with
the historic Sandoz-Movartis assays. The
curves were esseniially identical I:r:! -
11.997), ruling out a defect in our current
assay as the cause of the low plasma
octrectide levels that we are currently
observing.

We will have to assume that
RAD 001 has no effect on the plasma
levels of octrectide because there are no
published data on this drug-drog inter-
action to confirm these Novartis claims.

The Novartis Oncology team states
that differences in our stody’s sex split
may be responsible for our observations.
A 5050 sex distribution is noted in
their C223%9 study, and a 70% prepon-
derance of males is seen in the SMSE351
study; despite these differences, the
SMSE had a numerically higher octrec-
tide level after 3 doses than the C2239
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study with a higher percentage of fe-
males. Despite this, they claim that “there

was no meaningful difference in steady-
gtate petrentide levele hetwepn the 3

dahe  AednilL (R s e i

stdies (C2239 and SMESE3S1). Novartis
Oncology considers this finding to be
significant because C2239 was con-
ducted at the same time as the ob-
servations of Woltering et al.”™ Our
current stady has a 53% female versus
4T% male sex split, essentially identical
o the C2239 study.

Finally, we completely agree with

Tire Hanoe and Qehean that fiethoe onl
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stantiation of our observations is required
and believe that an unbiased prospec-
tive phase I'V clinical trial of plasma oc-
treotide levels, symptoms, tumor growth,
and biochemical markers should be
conducted.

Eugene A, Woltering, MD*
Thomas M. O'Dworisio, MDY
Arthur ¥Vinik, MD}

Vay Liang V. Go, MD§
Gang Li, PhD||

Gregg Mamikunian, M5
*Department of Surgery
Loulsizna State University
Health Sciences Center

Mear Orleans, LA

Dmision of Endocrinolopy & Metabolism
University of lowa

Loz Caty, 10

TSireletz Diabetes [nstituie
Eastern Virgimia Medical School
Norfolk, VA

§Department of Medicme

David Creffen School of Medicine at UCLA
| Department of Public Health

and Biostatistics

UCLA, Los Angeles

and Ylnter Scence [nstiute
Inglewood, CA
EWaltefgl=uhsc.edu
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Octreotide LAR in
Carcinoid
How to Dose?

To fhe Editor:

In the July issue of Pancreas,
Woltering et al” described their expern-
ence with the measurement of octreotide
blood levels among patients with carci-
noid syndrome. The authors described a
decline of cctreotide level in the blood,

avhinkh swne aloorroed ot warcaie dacasos
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of octreotide LAR. We read the article
with interest but are troubled by a
number of observations and conclusions
made by the authors.

Based on in vitro studies, the
authors have concluded that octrectide
acetate binds to the sst? receptor with an
affinity of approximately | nM and that it
is desirable to achieve a trowgh octrectide
blood level of 10,000 pg/mL among
patients with carcinoid syndrome. This
line of reasoning, however, is not based
in data.

First, none of the cited articles
used human neurcendocrine tumor cells,
and nene claimed the caloulated K, was
fior ssi2 1'11n:|f:r:nt|::ur.2 * These studies, using
breast cancer, neuroblasioma, and piiu-
tary adenoma models, were conducted
before full characterization of 5 known
spmatostatin receptor subtypes. In fact, a
wide range of Ky for octrectide has been
reported in the literature. For example,
some have reported a K for octreotide
as high as #0 nM using a pituitary tumor
cell line.” However, in a model where
only the human ssi2 recepilor was
expressed, investigators have reporied a
Ep of 0.057 aM for octreotide.”

With a greater than thousand-fold
difference in K reported in the litera-
ture, it 15 evident that there 15 consider-
able variation in the expression profiles
of somatostatin receptor subtypes. Clin-
ical experience with indium In 111
pentetreotide scintigraphy also suppests
tremendous heterogensity. We believe
that it is not possible to estimate the
blood concentration needed to achieve
complete saturation of the sst2 receptor
based on existing data.

Indeed, there are no clinical data to
suggest that complete saturation of
somatostatin receptors is even desirable
or needed. Existing data suggest so-

matostatin receplors are ransmembrane
O protein-coupled receptors that most
lmely signal by inhibiting adenocyclase,

Ca |HH|1'|.' and chn-'m'l-ﬂ'lnrr nhnmhnh.l_
................... o poospholy

rosing phnsph:ltase " The s:.'stem likely
interacts in a complex and dependent
wiy with other celiular pathways. There
are no data to suggest that 100% of
membrane somatostatin receptors need
to be saturated to trigger downstream
events.

Furthermaore, tissue concenirations
of drugs fmquentl:.f differ substantially

Frryry mlaorms coanesenfestion Thors aes oo
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data to tell us what intratumoral concen-
tration of octreotide would be achieved
by a plasma level of 10,000 pg/mL.

Since l'.hv.=; original publication by
Rubin et al.” octreotide LAR has been
effectively used for the comtrol of
carcinoid syndrome in thousands of
patients. We have not noted any recent
changes in the rate of symptom control
among our patients treated with octreo-
tide LAR. While the authors gquoted
blood levels achieved in the study of
Rubin et al® the authors should also
remind readers that in the cited smdy,
there was no association between drug
dose and symptom control rates.

As for the reported changes in
octrectide blood levels, we are disap-
pointed that the known factors associated
with the variability in octrectide blood
levels including ape, sex, and weight
have mot been reported in the present
study. The high proportion of patients
requiring dose escalation or receiving a
dose greater then 30 mg every 4 weeks
suggests that the study involved a
resistant population. Development of
drug resistance among patients with
malignant cancer i common. [Data
from such a population should not be
compdared with initial registration study
involving patients who have never been
exposed to octrectide LAR. In peneral,
control over known covariates is espe-
cially important in small single-arm
studies. The lack of pertinent informa-
tion in a small retrospective study that
involved multiple cohorts with less then
30 patients is unfortunate,

Analyses from the Surveillance,
Epidemiology, and End Results database
have shown improvements in survival of
patients with advanced neurcendocrine
tumors contemporaneous with the com-
mercial intreduction of octreotide.” We
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believe this, to a large part, is due w
the improved contrel of carcinoid syn-
drome, which changed the natural his-
tory of neuroendocrine tumors (NETs).
For example, carcinoid crisis with severe
flushing, diarrhea, and hemodynamic
instability, which was a major cause of
morbidity and mortality in the past, now
oceurs rarely. Organ failure, which tends
to oceur later in the course of illness, is
now the major cause of mortality.
Whereas many researchers have specu-
lated that octreotide has a disease-
stabilizing effect in patients with NETs,
conclusive data from randomized human
studies are lacking.

Although octreotide has proven to
be a safe and efficacious drug for
carcineid svndrome, it nenetheless can
cause adverse events including steator-
rhea, cholelithiasis, and hyperglycemia.
Until eonclusive data from randomized
studies are available to show that octreo-
tide has a disease-stabilizing effeet and at
what dose this effect occurs in humans,
we advocate titrating the octreotide LAR
dose according to symploms rather than
to an arbitrary blood level. Moving back
o intermittent subcutaneocus dosing or
eontinuous infusion delivery of octreo-
tide is a major step backward. We believe
such a move would decrease the quality
of life experienced by these cancer
patients and cannot be justified based
on existing data.

James C. Yao, MD*

Larry K. Kvols, MD+
*Department of Gastrointestinal
Medical Oncology

University of Texas M. D.
Anderson Cancer Center
Houston, TX and

#Department of Gastroantestinal Oncology
H. Lee Moffitt Cancer Center
Tampa, FL
Jyaofrmdanderson.ong
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Reply:

Thank you for also allowing us to
comment on the letter from Drs James
C. Yao and Larry K. Kvols regarding
our article.

We have clearly stated that the
measurement of plasma octrectide levels
should be undertaken when the patient’s
symptoms are pootly controlled, or the
patient’s biomarkers are pmgms.swel#
rising, or the patient’s fumor is growing,.
These are essentially the same conditions
that would prompt any reasonable clin-
ician to consider increasing the octrec-
tide long-acting release (LAR) dose. We
believe that understanding the relation-
ship between plasma octreotide levels
and the clinical/radiological/biochemical
scenarios helps the physician determine
if increasing symptoms or biomarkers
are due to propressive disease or inade-
quate drug therapy. Currently, rescue
medications are used for patients on
LAR therapy who have poorly controlled
SYMPLOMmS,

In contrast to our observations
that recently patients have had increas-
ing symptoms on stable doses of LAR,
Ewvols and Yao claim that “We have not
noted any recent changes in the rate
of symptom confrol among our patients

treated with octreotide LAR™ In a
recent study by Anthony and Vinik in
392 patients with carcinoid, just over
65% (n = 256) of the total population
changed octreotide treatment (dosing)
during the study peried (Z000-2006).
Lack of efficacy was cited as a reason
for modification in most patients
(65.3%) who chanpged repimens (per-
sonal communication with Drs Arthur
Winik and Lowell Anthony, July 2008).
Thus, it seems that others have seen the
same change in symptoms that we have
reported.

Drs Yao and Kvols imply that ad-
ministering octrectide by subcutansous
infusion is “a major step backwards™ and
imply that these patients would have an
inferior quality of life. We disagres totally
and have chserved a significant decrease
in symptoms and concomitant increase
in the guality of life experienced by
patients receiving occtrectide by contin-
uous infusion. This is worsened by our
inability to achieve consistent blood
levels of more than 10,000 pg/mL even
when the patient is given 30 mg of LAR
weekly (120 mg/me). In fact, iff one
looks carefully at the drug registration
trial by Rubin et al” 70% of patients
needed rescue (octreotide administered
subcutanecusly 3 times a day for 2 days)
at some point in the trial, and 40%%
required subcutanecus octrectide at least
weekly., Our use of subcutansous infu-
sions 1s consistent with the subcutaneous
dosing patterns of octrectide that was
required in this drug registration tral
This does not seem o ws as “going
backwards™ especially if this method of
drug administration provides significant
improvement in symptoms and allows us
to adjust drug doses until plasma octreo-
tide levels of greater than 10,000 pg/mL
can be reached.

Finally, we agree with Drs Yao and
KEvols that there must be variations in the
£y among human tumors; however, we
know of no studies that measured the K,
of each individuals tumor and used these
data to adjust the clinical cctreotide drug
dose. Those of us who have been active in
this clinical field for the last several
decades use a | nM K, and 1Cs; as rea-
sonable estimates of these numbers.
Higher £, values would only strengthen
our argument that drog levels of 10,000 1o
15,000 pg/mL or higher (if K, is higher)
are required 1o saturate the sst2 receptor.

2008 Lippincort Billiams & Wilkins
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We appreciate the opportunity (o
respond to this review of our article and
hope that these interchanges promots
further stedies of octreotide levels and
how they affect drog dosing, tumor
growth, symptoms, and biemarker
levels. We believe that an unbiased
prospective phase I'V clinical trial corre-
lating plasma octreotide levels with
biochemical markers, tumor growth
rates, and symptom conirol should be
conducted.
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