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ABSTRACT

The purpose of this investigation was to examine the safety and efficacy of four dosages of natural human in-
terferon-o (nHulFN-o) delivered over a 12-week period orally in lozenges (150 IU and 450 IU, once [QD] or
three times [TID] daily) compared to placebo in subjects with primary Sjogren’s syndrome. This random-
ized, double-blinded clinical trial demonstrated that nHulFN-« at a dose of 150 IU administered TID by oral
lozenge significantly improved stimulated whole saliva output compared to placebo after 12 weeks of treat-
ment. The 150 IU TID dose also was suggestive of benefit for 5 of 7 subjective measures of oral and ocular
comfort. IFN lozenges demonstrated a good safety profile, with no serious adverse events found in any treat-
ment group. There were no significant differences between the placebo and the four doses of IFN for adverse
events by total number, organ system, severity, dropouts, and number judged to be related to treatment. In
conclusion, these results demonstrated that the use of 150 IU IFN lozenges TID for 12 weeks in subjects with
primary Sjogren’s syndrome improved salivary output and decreased complaints of xerostomia without caus-
ing significant adverse medical events.

INTRODUCTION

JOGREN’S SYNDROME is an idiopathic autoimmune disorder
S characterized by lymphocytic infiltration of multiple organs
and tissues as well as by the presence of autoantibodies, hy-
pergammaglobulinemia, and immunoregulatory abnormali-
ties.(1=3 Sjogren’s syndrome is primarily a disease of women,
with nearly 90% of all patients being female.*>) The disease
has a typical onset during the fourth or fifth decade of life,®
and it may be as prevalent as 1 out of every 2,500 females.”

Clinically, Sjogren’s syndrome presents in either primary or
secondary forms. Primary Sjogren’s syndrome is characterized

by xerostomia (dry mouth) and xerophthalmia (dry eyes) which
are the result of a progressive loss of salivary and lacrimal func-
tion.(') Secondary Sjogren’s syndrome includes involvement
of one or both of these exocrine sites in the presence of another
connective tissue disease such as rheumatoid arthritis, systemic
sclerosis, or systemic lupus erythematosus. ®-3% In both primary
and secondary forms, there are commonly multiple extraglan-
dular manifestations and serologic evidence of autoimmunity.

The presence of a focal, periductal mononuclear cell infil-
trate is the characteristic histopathologic finding in salivary
glands in Sjogren’s syndrome.!%-12) Lymphocytic infiltrates of
exocrine glands increase as the inflammatory disease pro-
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gresses, ultimately producing acinar gland degeneration, necro-
sis, and atrophy.(1?)

Management of the dry eyes and mouth in subjects with Sjo-
gren’s syndrome is problematic.®!3:19) Dry eyes are treated by
protective measures, frequent ophthalmologic evaluations, and
wetting agents to sustain a normal ocular surface.!> The treat-
ment of xerostomia is more difficult. Preventive measures such
as supplemental fluoride, avoiding sugar or medications known
to cause a dry mouth, and frequent dental checkups are rec-
ommended.® 1314 Artificial saliva or frequent ingestion of non-
sugared liquids may provide symptomatic benefit for some sub-
jects. Pharmacologic agents designed to increase salivary flow
(secretogogues), including bromhexine, anetholetrithione, and
pilocarpine, have been tested in subjects with Sjogren’s syn-
drome. They have been shown to increase salivary output tran-
siently, however, none have demonstrated sustained benefit in
controlled clinical trials.?-!4

IFNs have potent antiviral and immunomodulating ef-
fects,('® and five distinct classes of IFN have been designated,;
alpha, beta, gamma, omega, and tau.'”) IFN has been shown
to enhance phagocytic antigen processing and immune regula-
tory activity of macrophages,!”) regulate specific cytotoxicity
of lymphocytes for target cells, and enhance natural killer cell
activity.'®

The therapeutic utility of IFN-a by the parenteral route has
been well established. One natural and two recombinant forms
of human IFN are approved for clinical use in the United
States(!?) in doses ranging from 0.25 X 10° IU/lesion adminis-
tered twice weekly in condyloma acuminata up to 36 X 10° IU
given daily in AIDS-related Kaposi’s sarcoma. Other approved
indications for IFN treatment include hairy cell leukemia,
chronic hepatitis B, and chronic hepatitis C.?9 The adverse ex-
periences associated with parenteral IFN appear to be dose re-
lated, with the majority of subjects developing one or multiple
flu-like symptoms at doses greater than 1 X 10° IU/day.('?

The use of high-dose injectable IFN-a for subjects with Sjo-
gren’s syndrome was first described in 1993. Shiozawa et al.??
reported that weekly intramuscular (i.m.) injections of IFN (1 X
10 1U/dose) resulted in a significant increase of saliva secre-
tion in subjects with primary Sjogren’s syndrome. Ferraccioli
et al.?? successfully treated Sjogren’s syndrome subjects with
3 X 10° TU IFN parenterally three times weekly. These inves-
tigators reported significant increases in lacrimal and salivary
function with IFN compared to subjects treated with hydroxy-
chloroquine. They also noted improvement in minor salivary
gland histopathology on repeat biopsy in 3 of the IFN-treated
subjects. Although few subjects experienced adverse effects at
these high doses, it is well established that higher doses can
cause a consistent and high percent of untoward effects. ?3:24-26)

Shiozawa and colleagues subsequently examined the poten-
tial benefit of mHu IFN-o in a low-dose lozenge form in two
open-label studies.?7-28) Using 150 IU IFN lozenges three times
daily, 5 of 7 subjects®” and 13 of 24 subjects with Sjogren’s
syndrome®® had >30% increase in stimulated whole saliva
output following treatment between 9 and 37 weeks (mean du-
ration = 22 weeks). Recently, these investigators reported the
effectiveness of 150 IU IFN lozenges given TID in 30 subjects
with Sjogren’s syndrome (28 with the primary form).(??) At 24
weeks, 15 (50%) of 30 subjects treated with 150 IU IFN
lozenges TID had a =100% increase from baseline in stimu-
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lated whole salivary flow, compared to only 1 (3%) of 30 con-
trol subjects given sucralfate (p < 0.001). No clinically signif-
icant adverse experiences were reported in this clinical trial.
Additionally, the investigators examined minor salivary glands
at the completion of the trial in 9 subjects who had responded
to treatment with at least a two-fold increase in saliva output.
A significant improvement in pathologic changes, including re-
duced mononuclear infiltration and increased histologically
normal epithelial tissue, was found compared to pretherapy
biopsies.

Therefore, it appears that low-dose IFN-o administered via
the oral-mucosal route may significantly increase salivary se-
cretions in subjects with Sjogren’s syndrome without causing
the troublesome adverse effects associated with high dose par-
enteral IFN administration. The purpose of the present inves-
tigation was to examine the safety and efficacy of four dif-
ferent dosages of IFN lozenges compared to placebo in
subjects with primary Sjogren’s syndrome over a 12-week pe-
riod.

MATERIALS AND METHODS

Study population

Eligible subjects were =18 years old, not pregnant, and had
a diagnosis of primary Sjogren’s syndrome according to the
revised European Community (EC) proposed criteria. 303D
All had a stimulated whole salivary flow rate of =0.05 g/min,
a dentition free from acute odontogenic or periodontal infec-
tions, and completed an Institutional Review Board (IRB)-ap-
proved written consent form. Exclusionary criteria included
current or anticipated use of a secretogogue (e.g., bromhex-
ine, anetholetrithione, pilocarpine), exposure to systemic
steroids within 30 days of initiation of study treatment, and a
history of antineoplastic chemotherapy or radiotherapy for
treatment of head and neck tumors. A total of 180 subjects
were screened for inclusion in the study. Of the 119 who met
eligibility criteria, 111 chose to enter the study and were ran-
domized at baseline from 12 clinical sites within the United
States. Of these, 109 were evaluable at baseline and 1 week,
102 at week 4, 96 at week 8, and 90 were evaluable at week
12.

Experimental design

This was a randomized, parallel group, double-blind,
placebo-controlled clinical trial. At baseline, subjects were ran-
domized to 12 weeks of daily treatment in one of 5 groups
(Table 1), and underwent an oral examination, measurement of
vital signs, review of medical history and concomitant med-
ications, pregnancy test (if applicable), collection of saliva, and
completion of a series of 100-mm visual analog scales con-
cerning oral and ocular symptoms. Subjects returned for eval-
uation at 1, 4, 8, and 12 weeks.

Saliva collection

Whole salivary flow rates were determined at baseline, 4, 8,
and 12 weeks. Subjects were instructed not to eat, drink, smoke,
chew gum, or perform oral hygiene for at leat 60 min prior to
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TaBLE 1. STUDY POPULATION AT BASELINE AND TREATMENT SCHEDULE
Group (n) Age? Sex (F/M) 8 am 2 pm 8 pm Daily dose Total dose/person®
Placebo (22) 583 + 2.1 19/3 0 0 0 0 0
150 IU® once daily (21) 558 =29 21/0 150 0 0 150 12,600
150 IU three times daily (22) 633 + 3.1 22/0 150 150 150 450 37,800
450 IU once daily (23) 59.2 + 2.7 2172 450 0 0 450 37,800
450 IU three times daily (21) 56.7 = 3.0 18/3 450 450 450 1,350 113,400

#Age in years, mean = SEM values.
Total dose/person for 12 weeks of treatment.
¢All doses in International Units (IU).

saliva collection. Saliva collections were conducted within a
specified time period of the day (preferably between 8 and 11
am) at each visit. Each subject was seated in a comfortable ex-
amination chair for a least 5 min before initiation of saliva col-
lection.

First, unstimulated whole saliva (UWS) was collected for
5 min utilizing the spitting technique, according to estab-
lished methods.(32:33) Next, stimulated whole saliva (SWS)
was collected for a total of 5 min. The subject chewed a
preweighed piece of unflavored chewing gum base 60
times/min (timed with a metronome), and accumulated saliva
was spit into a preweighed vial every minute, as previously
described.233) All flow rates were determined gravimetri-
cally, assuming a specific gravity of saliva of 1.0, and ex-
pressed as g/5 min.

Visual analog scales for oral and ocular symptoms

At each visit, subjects were instructed to provide a rating for
each of the following seven items using a 100-mm visual ana-
log scale (VAS): (1) oral dryness, (2) oral comfort, (3) diffi-
culty swallowing dry food without any additional liquids, (4)
difficulty swallowing any food without any additional liquids,
(5) difficulty speaking without drinking liquids, (6) dry eyes,
and (7) burning eyes.

Safety parameters and adverse events

Subjects returned for oral (weeks 1, 4, 8, 12) and physical
(week 12) examination, measurement of vital signs (weeks 1,
4, 8, 12), review of medical history and concomitant med-
ications (weeks 1, 4, 8, 12), and hematology and blood chem-
istry tests (weeks 4, 12). The safety variables assessed were
divided into seven main categories: (1) hematologic variables
of RBC, hemoglobin, hematocrit, platelets, WBC, segmented
neutrophils, lymphocytes, monocytes, eosinophils, basophils,
and ESR; (2) body weight; (3) vital signs of temperature,
heart rate, and blood pressure; (4) blood chemistry variables
of total bilirubin, LDH, ALT, alkaline phosphatase, total pro-
tein, IgG, albumin, calcium, inorganic phosphorous, uric acid,
total cholesterol, and creatinine; (5) medical events as re-
ported by each subject; (6) clinical symptoms including nau-
sea, vomiting, diarrhea, dizziness, fatigue, fever, headache,
myalgia, arthralgia, appetite loss, dry cough, dry throat, dry
nasal passages, and poor sleep; and (7) oral pathoses includ-
ing fungal infections and episodes of salivary gland enlarge-
ment.

Medication and placebo

All lozenges were identical in appearance, taste, and smell,
and contained 200 mg of a pharmaceutical grade anhydrous
crystalline maltose (carrier for the IFN) and magnesium stearate
(lubricant/excipie nt). IFN-a was produced by Hayashibara Bio-
chemical Laboratories (HBL; Okayama, Japan) by in vitro in-
duction of a human cell line (BALL-1) using hemagglutinating
virus of Japan (also called Sendai virus) according to previously
described criteria. 3 HBL IFN-« is greater than 98% pure and
has a specific activity of approximately 2 X 10% IU/mg protein,
which is comparable to other FDA-approved IFN products. IFN
and identical-appearin g placebo lozenges were individually
strip-wrapped in plastic-lined foil, and subjects were asked to
keep them refrigerated.

Subjects were instructed to take the lozenges at approxi-
mately 8 am, 2 pm, and 8 pm. Subjects were instructed to al-
low the lozenge to dissolve in their mouth and not to chew or
swallow the lozenge while it was dissolving. They refrained
from eating, drinking, using oral wetting agents, or brushing
their teeth for 30 min before and after taking the lozenge.
Lozenges were not used within 60 min of saliva collection dur-
ing study visits.

Analysis

The primary efficacy end point was a combination based on
changes from baseline in both the VAS for oral dryness and the
UWS flow. Response was defined as complete if the patient ex-
perienced at least a 25-mm increase (improvement) in the VAS
for oral dryness and an increase of unstimulated whole salivary
flow of at least 0.05 g/min. A partial response was achieved if
the patient experienced either of these improvements, but not
both. Seven secondary outcome measures were analyzed. These
were one additional objective measure (SWS), and six addi-
tional VAS items (see above).

All statistical assessments of efficacy and safety were di-
rected at contrasts between each of the four treated groups (150
IU QD, 150 IU TID, 450 IU QD, 450 IU TID) and the placebo
group. All statistical tests were two-sided and conducted at the
5% level of significance. SAS™ software was used for all analy-
ses and graphics.

The statistical analyses of the primary efficacy variable were
conducted with Chi-square tests on each of three binary out-
comes (complete versus none, partial versus none, any versus
none) at weeks 4, 8, and 12. Statistical analyses of continuously
distributed outcome variables (UWS, SWS, and VAS scores)
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assessed the significance of treatment group differences with
placebo on the average of within-subject differences from base-
line to weeks 4, 8, and 12; pairwise contrasts with placebo were
carried out using a linear model.

Statistical analyses of continuously distributed safety vari-
ables assessed the significance of treatment group differences
with placebo on the average of within-subject differences
from screening to weeks 4 and 12; pairwise contrasts with
placebo were carried out using a linear model. Continuously
distributed laboratory variables were additionally analyzed
using Chi-square tests on matched-pair tables. Changes from
abnormally low to normal and conversely, abnormally high
to normal and conversely, and abnormally low to abnormally
high and conversely were assessed. Body weight was ana-
lyzed based on pairwise contrasts with placebo on averages
of within subject changes from week 0 to week 12. The in-
cidence and severity of oral pathoses and medical events were
analyzed with Chi-square tests. Changes from baseline in
clinical symptoms were analyzed using Chi-square tests on
matched-pair counts (present at baseline, not present at sub-
sequent evaluation; not present at baseline, present at subse-
quent evaluation). A search for outliers was conducted using
standard methodology.>

RESULTS

All groups were similar with respect to number, age, sex,
and race (Table 1). Most subjects were female (92.6%) and
white (95.4%) and they ranged in age from 30 to 86 years, with
a mean age of 58.7 years. Loss to follow-up was not signifi-
cantly associated with treatment group at weeks 1, 4, 8, or 12.
Of the 21 subjects who were not evaluable at the conclusion of
the study, 8 were withdrawn due to various protocol violations
(noncompliance ), 7 experienced nonserious medical events (3
in the 150 IU IFN QD group and 1 in each of the other groups),

25

4/19

% subjects with complete response

Placebo 150 x1 150x 3 450 x 1 450 x 3

FIG. 1. Percentage of subjects in each group demonstrating
a complete response on the primary outcome measure at week
12. Numbers above columns represent the number of individ-
uals who were responders in each group/total number of sub-
jects in the group. The one responder in the placebo group was
determined to be a statistical outlier (see Materials and Meth-

ods and Results).
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% subjects with positive response

Placebo 150 x 1 150x 3 450 x 1

% subjects with positive response

450x3

Placebo 150x 1 150x3 450 x1

FIG. 2. Individual components comprising the primary out-
come measure at week 12. (A) Percentage of subjects in each
group demonstrating an increase of >0.05 g/min of unstimu-
lated whole saliva. After removal of the statistical outlier in the
placebo group, 23.5% of subjects (4 of 17) had a positive re-
sponse. (B) Percentage of subjects in each group demonstrat-
ing >25 mm improvement in VAS for oral dryness. Numbers
above columns represent the number of individuals who were
responders in each group/total number of subjects in the group.

and 6 were terminated for starting a prohibited medication dur-
ing the study (4 used a systemic corticosteroid and 2 an anti-
depressant).

Analysis of the primary end point failed to demonstrate a
significant treatment effect based on complete responses. How-
ever, there was a suggestion of a benefit in group 150 IU IFN
TID, in which 4 of 19 subjects (21.1% ) experienced a complete
response compared to only 1 of 18 subjects (5.5%) in the
placebo group (Fig. 1).

The components of the primary end point were further ana-
lyzed independently. The UWS did not yield any significant
treatment effects, yet groups 150 IU TID and 450 IU TID
demonstrated a greater percentage of subjects with positive re-
sponses for UWS compared to the placebo group at 12 weeks
(Fig. 2A). The UWS analyses were influenced by 1 subject in
the placebo group who had an unusually large increase in UWS
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flow. This response, as determined by influential point method-
ology, was considered to be an outlier. Removal of this single
data point revealed a borderline significant (p = 0.06) increase
in UWS in group IFN 450 IU TID (0.08 = 0.03 g/5 min;
mean * sem) and a trend (p = 0.13) of an improvement in
group IFN 150 IU TID (0.06 = 0.02 g/5 min) at week 12 com-
pared to placebo (0.02 = 0.01 g/5 min). After removal of this
outlier in the primary end point analysis, there were no subjects
in the placebo group who demonstrated a complete response.
Additionally, the pairwise comparison between group 150 IU
TID (4/19 complete responses) and placebo (0/17) then yielded
a trend toward significance (p = 0.1).

No significant treatment effects were found with regard to
the VAS for oral dryness (Fig. 2B). Although not statistically
significant, a trend was apparent for increasing benefit over
time in groups 150 IU TID and 450 IU TID, and an appar-
ent loss of response over time in the placebo group (data not
shown).

SWS flow rates were significantly (p = 0.04) increased in
the 150 IU IFN TID group compared to placebo at week 12
(Fig. 3). The mean SWS increase in group 150 IU TID was
0.79 = 0.46 g/5 min, compared to 0.06 = 0.11 g/5 min in the
placebo group. Mean changes at other time points and doses
were not significantly different among the groups. SWS flow
rates diminished in the placebo group over the study period,
while the 150 IU TID group maintained an increased output
over the same time period (Fig. 3).

The VAS for oral comfort (Fig. 4A), difficulty swallowing
any food without additional liquids (Fig. 4B), difficulty speak-
ing without drinking (Fig. 4C), and eye dryness (Fig. 4D) did
not demonstrate significant differences among the treatment
groups. However, results demonstrated consistent trends over
time for the active dosages compared to placebo (Fig. 4). Specif-
ically, the placebo group showed smaller responses over time,
while the 150 IU TID group showed an increasing improve-
ment. Further, the 150 IU TID group appeared to provide the
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greatest benefit for these four measures compared to other
groups. The VAS for the ability to swallow dry food without
additional liquids and for burning eyes did not demonstrate any
significant differences nor trends among the treatment groups
(data not shown).

Responses of the individual subjects in the 150 IU TID group
for oral and ocular symptoms are shown in Fig. 5. Responses
on the VAS for oral dryness (Fig. 5A) were ranked from the
highest (most improved) to lowest for all subjects at 12 weeks.
Positive changes on the VAS denote a reduction in the symp-
tom. Responses on the other VAS measures of oral symptoms
(Fig. 5B, oral comfort; Fig. 5C, difficulty swallowing any food;
Fig. 5D, difficulty speaking; Fig. SE, difficulty swallowing dry
food) were consistent, with the same individuals, in general, re-
porting improvement on each measure.

There were no serious adverse events encountered. Results
of the safety analyses revealed no significant differences be-
tween groups for adverse events by total number, by organ sys-
tem, severity, dropouts, or by number judged to be related to
treatment (data not shown). The average number of adverse
events (per subject) over the 12-week investigation was not sig-
nificantly different among the five treatment groups (Fig. 6).
Laboratory and clinical safety measures demonstrated no clin-
ically significant changes in any of the groups over the dura-
tion of the study (data not shown).

DISCUSSION

Results from this 12-week randomized, double-blind clini-
cal trial demonstrated that IFN delivered in lozenges at a dose
of 150 IU administered TID significantly increased SWS flow
rates in subjects with primary Sjogren’s syndrome. This is con-
sistent with earlier reports by Shiozawa et al.,**) who used a
saliva collection method (Saxon test) that is similar to the stim-
ulated whole saliva collection performed in the present study.

1.0

p=0.04

mean change (g / 5 min) £ SEM

Week 4

Week 12

[%’/éPlacebo 150 x 1 EEM 150 x 3 FRR450x 1 &

450 x 3

FIG. 3.

Mean change (g/5 min * sem) in stimulated whole saliva flow rates in all groups at weeks 4, 8, and 12. The 150 IU

IFN TID group had a significant increase in output at week 12 (p = 0.04) compared to the placebo group.
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FIG. 4. Mean change (mm = SEM) in responses to VAS measures in all groups at weeks 4, 8, and 12. (A) Oral comfort.

(B) Difficulty swallowing any food. (C) Difficulty speaking. (D) Eye dryness. Positive numbers denote improvement in the

symptom.

Additionally, the 150 IU TID dosage was suggestive of bene-
fit for five of seven subjective measures of oral and ocular dry-
ness. None of the other three dosages tested (150 IU QD, 450
IU QD, and 450 IU TID) showed the consistency of response
observed for the 150 IU dose given TID. All doses of the IFN-
o had good safety profiles. The overall safety analysis of IFN-
o lozenges demonstrated no significant differences between the
four dosages of IFN-a and placebo.

In the present study, none of the treatment groups achieved
statistically significant improvement compared to placebo in the
analysis of the components of the primary outcome measure.
Analysis was complicated by the presence of one subject in the
placebo group whose UWS response was found to exceed the
range of responses experienced by other study subjects. Sub-
sequent analyses using influential point methodology % deter-
mined this response to be a statistical outlier. Post hoc removal
of this subject from the analysis of the primary outcome mea-
sure eliminated the sole responder in the placebo group. Com-
parison of the 150 IU IFN-a TID with the placebo group with
the outlier removed resulted in a trend toward improvement in
the 150 IU IFN-a TID group. Further analyses of UWS alone
with the outlier removed suggested improvement in the 150 IU
IFN-a TID group compared to the placebo group for this mea-
sure as well.

The finding of a significant increase in SWS output after 12
weeks of 150 IU mHu IFN-a TID suggests that there were ef-
fects at the level of the affected salivary gland. In Sjogren’s

syndrome, it is well recognized that a chronic inflammatory in-
filtrate and loss of acinar (fluid-producing) cells lead to a loss
in secretory capabilities. The increase in stimulated output of
saliva found with IFN treatment may be associated with
histopathologic improvement. One previous study demon-
strated that the amount of histologically normal salivary gland
tissue was increased in 9 subjects with Sjogren’s syndrome
treated with 150 U IFN-a TID for 6 months.?® A second
study®? demonstrated histologic evidence of decreased sali-
vary inflammation after parenteral IFN-o therapy in labial mi-
nor glands of subjects with Sjogren’s syndrome. It is possible
that IFN, through its immunomodulatory capabilities, may re-
duce the lymphocytic infiltration that characterizes the salivary
glands affected by Sjogren’s syndrome.! "' This may, in turn,
explain the clinical finding of increased salivary output in the
present study and previous investigations, (21:22:27.28)

The mechanism by which small amounts of orally adminis-
tered IFN can exert biologic actions remains unclear. IFNs are
not circulatory proteins©®*® and they work physiologically in
minute concentrations 7 in a localized fashion. IFN has been
detected in nasal secretions of humans and animals, and is
thought to serve as a marker of viral replication.®® The fate of
most nasal IFN is ingestion through swallowing, where it is
thought to be inactivated rapidly by enzymatic activity within
the intestines.

Oral ingestion is not generally used as a route of adminis-
tration for IFN because of this inactivation by digestive en-
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A. Oral Dryness

_| B. Oral Comfort

C. Swallowing Any Food

D. Speaking Difficulty

mm of change in visual analog scale

E. Swallowing Dry Food

ABCDEFGHIJKLMNOPQRS
Patient ID

FIG.5. Responses of individual subjects (n = 19) in the 150
IU IFN TID group to the oral symptom VAS measures at week
12. (A) Oral dryness. (B) Oral comfort. (C) Difficulty swal-
lowing any food. (D) Difficulty speaking. (E) Difficulty swal-
lowing dry food. Positive numbers denote improvement in the
symptom.

zymes. Indeed, IFN is not detectable in the bloodstream after
oral ingestion. ®® However, studies in several species, includ-
ing humans,®% suggest that IFN can trigger a systemic bio-
logical response in very low doses when administered via the
oral cavity.#®

Although direct evidence is not presently available, it is hy-
pothesized that low-dose orally-administe red IFN may bind to
IFN receptor-bearing cells in the oral pharynx before being
swallowed, which could presumably act as the initiator of a cas-
cade of events resulting in increased immunologic activity.#®
Orally administered IFN has been shown to exert biologic ac-
tivity in vivo in several clinical conditions*!#?) in addition to
Sjogren’s syndrome. Importantly, the oral route of drug ad-
ministration is often preferable to the parental route due to a
lower incidence of adverse medical events.

Interestingly, in the present study, 450 IU IFN TID did not
demonstrate a consistently greater objective or subjective re-
sponse than 150 IU IFN TID. This is consistent, however, with
evidence from previous clinical studies that suggests that higher
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average number of adverse events per subject

150 x 1 150 x 3 450 x 1 450 x 3

Placebo

FIG. 6. Mean number of adverse events per subject in all
groups for the 12-week study period.

dosages of parenteral or lozenge-delivered IFN may not neces-
sarily lead to a greater clinical response.*3~4%) On the basis of
the results of the present study, 150 IU IFN TID appears to be
the more efficacious dose for the treatment of salivary dys-
function and xerostomia in subjects with primary Sjogren’s syn-
drome. Furthermore, the results indicate that administration of
IFN in lozenges three times daily is preferable to once-a-day
dosing.

The safety analysis results suggest that low-dose use of IFN
in lozenges is safe and without clinically significant untoward
effects. Parenteral IFN treatment is a well-accepted therapeutic
modality for several medical conditions.?® However, it is ac-
companied by severe and medically serious adverse side ef-
fects,?3-2% including a flu-like syndrome, central nervous sys-
tem depression, and myelosuppression. Detailed examination
of the safety analyses of all subjects receiving active treatment
in the present investigation did not reveal any of these unto-
ward events or serious side effects leading to withdrawal from
the study. Low-dose administration of IFN-o by lozenges ap-
pears safe and well tolerated.

In conclusion, lozenges containing 150 IU mHu IFN-a given
three times daily for 12 weeks to subjects with primary Sjogren’s
syndrome led to a significant increase in SWS output and sub-
jective improvement in measures of oral and ocular dryness. The
IFN doses administered in this study appeared safe and were not
associated with the significant side effects seen with high-dose
parenteral IFN treatment. Additional clinical trials are required
to confirm the safety and effectiveness of low-dose lozenges of
IFN for the treatment of salivary gland dysfunction and xerosto-
mia in subjects with primary Sjogren’s syndrome.
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