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Treatment of Primary Sjogren’s Syndrome With
Low-Dose Human Interferon Alfa Administered by
the Oromucosal Route: Combined Phase III Results

MARTIN J. CUMMINS,' ATHENA PAPAS,” GARY M. KAMMER,® anp PHILIP C. FOX*

Objective. This study tested the safety and efficacy of human interferon (IFN) alfa for treatment of salivary hypofunction
and dry mouth symptoms in primary Sjogren’s syndrome patients.

Methods. Combined results are reported from 2 phase III clinical trials in which a total of 497 subjects with primary
Sjogren’s syndrome received 150 international units of human IFN alfa or matching placebo 3 times per day for 24 weeks
by the oromucosal route.

Results. Subjects given IFN alfa had a significantly (P = 0.01) greater mean increase in unstimulated whole saliva (UWS)
flow, compared with subjects given placebo. In IFN alfa patients, increases in UWS correlated positively and significantly
with improvements noted in 7 of 8 symptoms associated with oral and ocular dryness. The coprimary endpoints of
stimulated whole saliva flow and oral dryness were not significantly improved in the IFN alfa group relative to placebo.
No significant differences were found between the groups with respect to overall adverse event incidence or severity.
Conclusion. TFN alfa given at low dosage by the oromucosal route can significantly increase UWS flow in patients with
primary Sjogren’s syndrome, without causing significant adverse events.
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INTRODUCTION matoid arthritis (3). More than 1 million people in the
United States have primary Sjogren’s syndrome, with 90%
of these being women (3).

The characteristic histopathologic finding in the salivary
glands of patients with Sjogren’s syndrome is a focal,
periductal monocellular cell infiltrate (4—6). As the in-
flammatory disease progresses, the lymphocytic infiltra-
tion increases, leading to acinar gland degeneration, ne-
crosis, and atrophy and decreasing exocrine function (6).

Management of the xeroses associated with Sjogren’s

Sjogren’s syndrome is a chronic autoimmune rheumatic
disease characterized by salivary and lacrimal gland in-
flammation associated with symptoms of xerostomia (dry
mouth) and xerophthalmia (dry eyes) (1). Sjogren’s syn-
drome is a systemic disorder that can also affect the mus-
culoskeletal, pulmonary, gastrointestinal, hematologic,
vascular, dermatologic, renal, and nervous systems (2).
Primary Sjogren’s syndrome is defined by the presence of
salivary and lacrimal gland involvement as a sole systemic

disorder, whereas secondary Sjogren’s syndrome includes
involvement of 1 or both of these exocrine sites in associ-
ation with another connective tissue disease, such as rheu-
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syndrome is problematic (7-9). Dry eyes are treated by
protective measures, frequent ophthalmologic examina-
tion, and ocular wetting agents (10). Artificial saliva or
frequent ingestion of nonsugared liquids may provide dry
mouth relief for some; preventive measures such as sup-
plemental fluoride, avoiding sugar, and avoiding medica-
tions known to cause a dry mouth are recommended to
Sjogren’s patients (8,9,11). Pilocarpine and cevimeline
have both been shown to reduce symptomatic oral dryness
and produce transient increases in salivary flow (12—14).
However, neither drug addresses the underlying disease
process or leads to increases in basal, unstimulated sali-
vary flow.

Interferons are proteins derived from different cell types
in response to many stimuli including bacteria, foreign
cells, macromolecules, other chemical compounds, and
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viruses (15,16). In addition to their antiviral activities,
interferons have potent immunomodulating effects (16).
Interferon (IFN) has been shown to enhance phagocytic
antigen processing and immune regulatory activity of mac-
rophages (15), specific cytotoxicity of lymphocytes for tar-
get cells, and natural killer cell activity (17). The biologic
activity of IFN alfa given in low doses via the oromucosal
route has been examined in many species, including hu-
mans (18). Data from these studies suggest that IFN alfa
can trigger a systemic biologic response when adminis-
tered via the oral mucosa.

Shiozawa and colleagues first reported on the benefits of
oromucosal IFN alfa in the treatment of Sjogren’s syn-
drome (19-21). A consistent finding in these studies was
an increase in stimulated whole saliva (SWS) flow in a
proportion of patients given 150 international units (IU) of
IFN alfa 3 times per day in the form of orally dissolved
lozenges. Shiozawa et al performed minor salivary gland
lip biopsies in 9 subjects who experienced a 2-fold or
greater increase in saliva output in response to IFN alfa
treatment. Compared with pretreatment, salivary tissue
obtained posttreatment showed significant histopathologic
improvement, including reduced mononuclear infiltration
and increased histologically normal appearing epithelial
tissue (21). Subsequently, Ship et al reported on the results
of a double-blind, randomized, parallel phase II trial in
which 109 patients with primary Sjogren’s syndrome were
given 1 of 4 daily doses of oromucosal IFN alfa or placebo
for 12 weeks (22). Subjects given 150 IU IFN alfa 3 times
per day had a significant increase in SWS at the end of
treatment, compared with the placebo group.

The 2 present studies were intended to replicate the
results reported by Ship et al and to demonstrate the safety
and efficacy of 150 IU IFN alfa lozenges, compared with
placebo, when administered 3 times per day for 24 weeks
to subjects with primary Sjogren’s syndrome. Because the
2 studies used identical protocols, the results were pooled
for analysis.

PATIENTS AND METHODS

Patients. Eligible patients were at least 18 years old, not
pregnant, and had a diagnosis of primary Sjogren’s syn-
drome according to the revised European Community (EC)
proposed criteria (23,24). All had a SWS flow rate of at
least 0.05 gm/minute and completed an institutional re-
view board approved written consent form. Exclusionary
criteria included current or anticipated use of a secreto-
gogue (e.g., bromhexine, anetholetrithione, pilocarpine) or
drugs known to be xerostomic, exposure to systemic ste-
roids 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 705 subjects
were screened for inclusion in the study. Of those, 497
from 51 clinical sites within the United States met eligi-
bility criteria, chose to enter the study, and were random-
ized at baseline.

Experimental design. This was a randomized, parallel
group, double-blind, placebo-controlled clinical trial. At

screening, patients underwent complete physical and oral
examinations, review of medical history, and pregnancy
testing (if applicable). At baseline, subjects were random-
ized to 24 weeks of daily treatment with either 150 IU IFN
alfa 3 times per day or placebo at a 3:2 ratio. Randomiza-
tion was performed by a central coordinating center in
blocks of 5. At the initial visit, subjects underwent an oral
examination, measurement of vital signs, review of con-
comitant medications, collection of saliva, and completion
of a series of 100-mm visual analog scales (VAS) concern-
ing oral and ocular symptoms. Subjects returned for eval-
uation at 6, 12, 18, and 24 weeks of treatment. Sample size
estimates were prepared for each study independently,
and the trials had approximately 100% power to detect an
effect on SWS equal to that seen in the phase II study (0.60)
and approximately 93% power to detect an effect on oral
dryness equal to that seen in the phase II study (0.44).

Saliva collection. Whole salivary flow rates were deter-
mined at each visit. Subjects were instructed not to eat,
drink, smoke, chew gum, or perform oral hygiene for at
least 60 minutes prior to saliva collection. To the extent
possible, saliva collections were conducted for a particular
patient within the same time period of the day (morning or
afternoon) at each visit. Subjects were seated in a comfort-
able examination chair for at least 5 minutes before initi-
ation of saliva collection.

First, unstimulated whole saliva (UWS) was collected
for 5 minutes utilizing the spitting technique, according to
established methods (25,26). Next, SWS was collected for
a total of 5 minutes. The subject chewed a preweighed
piece of unflavored chewing gum base 60 times/minute
(timed with a metronome), and accumulated saliva was
spit into a preweighed vial every minute, as previously
described (25,26). All flow rates were determined gravi-
metrically, assuming a specific gravity of saliva of 1.0, and
expressed as grams/5 minutes.

VAS for oral and ocular symptoms. At each visit, sub-
jects were instructed to provide a rating for each of the
following 8 items using a 100-mm VAS: oral dryness; oral
comfort; difficulty swallowing dry food without any addi-
tional liquids; difficulty swallowing any food without any
additional liquids; eye dryness; burning, stinging, and grit-
tiness of the eyes (burning eyes); nasal dryness; and throat
dryness.

Other patient questionnaires. At weeks 6, 12, 18, and
24, patients were asked to rate changes in their use of oral
and ocular comfort agents as increased, decreased, or un-
changed. At week 24, patients answered questionnaires
related to overall incidence of adverse events; the fre-
quency with which adverse events interfered with daily
activities; and their desire to continue study medication.

Safety parameters and adverse events. Patients re-
turned for oral (weeks 6, 12, 18, 24) and physical (week 24)
examinations, measurements of vital signs (weeks 6, 12,
18, 24), reviews of medical history, concomitant medica-
tions and adverse events (weeks 6, 12, 18, 24), hematology
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and blood chemistry tests (weeks 6, 24), and urinalysis
(week 24). The safety variables assessed were divided into
7 main categories: 1) hematologic variables of red blood
cells, hemoglobin, hematocrit, platelets, white blood cells,
segmented neutrophils, lymphocytes, monocytes, eosino-
phils, and basophils; 2) body weight; 3) vital signs of
temperature, heart rate, and blood pressure; 4) blood
chemistry variables of glucose, sodium, potassium, chlo-
ride, blood urea nitrogen, creatinine, uric acid, phospho-
rus, calcium, cholesterol, triglycerides, protein, albumin,
globulin, alkaline phosphatase, aspartate aminotransfer-
ase, alanine aminotransferase, gamma glutamyl transami-
nase, total bilirubin, and lactate dehydrogenase; 5) adverse
events as reported by each subject; 6) urinalysis variables
of pH, specific gravity, ketones, protein, glucose, bilirubin,
blood, leukocytes, red blood cell count, and microscopic
examination of urine; and 7) oral pathoses including fun-
gal infections and episodes of salivary gland enlargement.

Medication and placebo. All lozenges were identical in
appearance, taste, and smell, and contained 200 mg phar-
maceutical grade anhydrous crystalline maltose (carrier
for the IFN alfa) and magnesium stearate (lubricant/excip-
ient). Active drug lozenges also contained 150 IU IFN alfa.
IFN alfa was produced by Hayashibara Biochemical Labo-
ratories (HBL; Okayama, Japan) by in vitro induction of a
human cell line (BALL-1) using hemagglutinating virus of
Japan (also called Sendai virus) according to previously
described criteria (27). HBL IFN alfa is greater than 98%
pure and has a specific activity of approximately 2 X 10°
IU/mg protein, which is comparable to Food and Drug
Administration approved IFN alfa products. IFN alfa and
identical-appearing 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 daily at
approximately 8:00 aM, 2:00 pM, and 8:00 pMm. Subjects were
instructed to allow each lozenge to dissolve in the mouth
and not to chew or swallow the lozenge while it was
dissolving. They were further instructed to refrain from
eating, drinking, using oral wetting agents, or brushing
their teeth for 5 minutes before and 15 minutes after taking
each lozenge. Lozenges were not used within 60 minutes
of study visits.

Analysis. The coprimary efficacy endpoints were the
VAS for oral dryness and the SWS flow. Thirteen second-
ary outcome measures were analyzed. These were 1 addi-
tional objective measure, UWS flow, 7 additional VAS
items, and 5 other questionnaire items (see above).

Statistical assessments of efficacy and safety were di-
rected at contrasts between the treated group (150 IU 3
times per day) and the placebo group. Exploratory analysis
examined within-group changes from baseline to each of
the followup visits. All statistical tests were 2-sided and
conducted at the 5% level of significance. SAS (Cary, NC)
software was used for all analyses.

For each of the 2 primary variables (SWS and the VAS
for oral dryness) intent-to-treat analyses were carried out
based on data arising from the week 24 visit using analysis

of covariance on ranks. The independent variables were
the baseline value, age, ethnicity, treatment arm, and cen-
ter. Patients not evaluable at week 24 were assigned rank 0
regardless of treatment arm. Of secondary importance, as-
sessment of changes in SWS and the VAS for oral dryness
were carried out at weeks 6, 12, 18, and 24 on evaluable
patients without any episodes of study medication non-
compliance or other protocol violations using analysis of
covariance. The independent variables were the baseline
value, age, ethnicity, treatment arm, and center.

The secondary VAS variables and UWS flow were ana-
lyzed as continuously distributed variables with adjust-
ment for center and center by treatment interaction. For
the non-VAS questionnaires, patients were classified as
positive responders based on the following criteria and as
nonresponders otherwise: comfort agent use—report of de-
creased use; side effects severity—report of none or mild;
side effects interference—report of never or rarely; desire
to continue study medication—report of yes. Unadjusted
analyses of the dichotomized variables were carried out
with Fisher’s exact test.

UWS flow was analyzed also using a last observation
carried forward (LOCF) technique (28). Unlike the analysis
of covariance on ranks, which assigned a rank of 0 to all
patients who failed to complete the study, the LOCF ana-
lysis utilized a patient’s final UWS measurement prior to
leaving the study. Consequently, the LOCF analysis more
closely reflected the true clinical picture because it related
to changes in UWS flow in this study.

The correlation between changes in saliva flow (both
SWS and UWS) and changes in each of the VAS variables
was computed for each treatment group. The significance
of the interaction between changes in saliva flow, changes
in VAS variables, and treatment group were assessed.

The safety analysis included subjects who were enrolled
to treatment, took at least 1 dose of study drug, and had
evaluable data from at least 1 followup visit. Analysis of
continuously distributed variables was performed using a
2-tailed t-test on changes from baseline. Secondarily, each
variable was trichotomized to abnormally low, normal, or
abnormally high, and changes from baseline (low to nor-
mal, normal to low; high to normal, normal to high; and
low to high, high to low) were tabulated.

Oral pathoses were analyzed for incidence and severity.
Because pathoses may be present at baseline and not after
treatment, or not present at baseline and present after
treatment, these analyses were carried out using a matched
pair analysis in which only the subjects who experienced
a change in pathology contributed. The significance of the
association between adverse events and treatment group
was assessed at each evaluation week using a Fisher’s
exact test.

RESULTS

The groups were similar with respect to age, sex, and race
(Table 1). Most subjects were female (92.6%) and white
(93.4%), and they ranged in age from 26 to 88 years with a
mean age of 58.2 years. The groups were also similar at
baseline with respect to clinical characteristics such as
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Table 1. Study population at baseline and treatment

Table 3. Number of EC criteria used to qualify the study

daily (300)

* JU = international units; IFN = interferon.

salivary flow rates, Schirmer scores, percentage of patients
who were positive for SS-A/SS-B antibodies, and percent-
age of patients with a positive minor salivary gland biopsy
(Table 2). The groups were also similar in regard to the
number of EC diagnostic criteria satisfied (Table 3). Most
patients met 4 EC criteria and the majority were either lip
biopsy or SS-A/SS-B antibody positive (placebo = 75.6%;
IFN alfa = 71.3%). Loss to followup was not significantly
associated with treatment group. The reasons for patient
withdrawals in this study are detailed in Table 4. The
groups did not differ significantly with respect to the num-
ber of patients who dropped out of the study for any
particular cause.

Intent-to-treat analysis of the coprimary endpoints failed
to demonstrate a significant treatment effect based on ana-
lysis of covariance on ranks (data not shown). In evaluable
patients (those who completed all study visits), mean SWS
changes were greater in the IFN alfa group, albeit not
significantly, compared with the placebo group at each
visit (Figure 1A). A within-group analysis demonstrated a
significant increase in mean SWS flow over the baseline
level after 18 and 24 weeks of daily IFN alfa (data not
shown). A similar increase was not seen in the placebo
group. Mean changes in oral dryness VAS scores were
nearly identical in both groups. Both groups experienced
significant increases (improvement) in mean oral dryness
VAS scores at all visits, compared with baseline (Figure
1B).

Mean UWS flow was significantly (P = 0.01) increased at
week 24 in the evaluable IFN alfa group, compared with
the placebo group (Figure 1C). The IFN alfa group had a
significant increase (P < 0.001) in mean UWS flow at week
24, compared with baseline, whereas the placebo group
was not significantly changed relative to baseline (Figure
1D). Intent-to-treat analyses were carried out on UWS (Ta-
ble 5), although they had not been specified in the study
design. Analysis of covariance on mean ranks did not find

schedule* groups®
Age, years, Sex, Race, <4 4 5 6
Group (n) mean * SEM F/M white/other Group criteria criteria criteria criteria
Placebo (197) 58.3+0.9 187/10 182/15 Placebo 1(0.5)f 135 (68.5) 58 (29.4) 3 (1.5)
150 IU IFN alfa 3 times 58.0 + 0.7 273/27  282/18 IFN alfa 1(0.3)t 203 (67.7) 93 (31.0) 3 (1.0)

* Values represent number (%) of patients in each category. EC =
European community; IFN = interferon.
+ Patient met 3 criteria and was SS-A antibody positive.

a significant difference between the groups. However, an
LOCF technique applied to mean changes in UWS from
baseline to week 24 found a significant mean increase in
flow (P = 0.05) in the IFN alfa group.

For each of the treatment groups, the Pearson correlation
is provided (Table 6) between changes from baseline to
week 24 in UWS flow and each of the 8 VAS. In the IFN
alfa group, a significant (P =< 0.05) positive correlation was
found between change in UWS and changes in 7 of the 8
VAS measures at week 24 (all but burning eyes). Although
these r values are low, the pattern of positive correlations
was consistent. In the placebo group, change in UWS was
significantly and positively correlated with change in oral
dryness, but not other symptoms. A similar pattern was
noted for SWS (data not shown). In the IFN alfa group,
change in SWS from baseline to week 24 correlated posi-
tively and significantly (P = 0.05) with changes in 5 of 8
symptomatic measures (all but eye dryness, burning eyes,
and nasal dryness; data not shown). In the placebo group,
changes in SWS did not correlate significantly with
changes in any of the VAS questionnaires.

Among the remaining secondary variables, mean
changes in the VAS scores for oral comfort, difficulty swal-
lowing dry food, difficulty swallowing any food, and
throat dryness were similar in both groups. Mean VAS
values for oral comfort, difficulty swallowing dry food,
and throat dryness were significantly increased (im-
proved) over baseline levels in both groups at all followup
visits (Figure 2). Mean changes in the VAS for nasal dry-
ness were also similar between the groups. Mean followup
scores were higher in both groups at all visits compared
with baseline, but at week 24, neither group was signifi-
cantly improved (data not shown). Mean changes in the
VAS for eye dryness and burning eyes favored the placebo
group. At weeks 6 and 18, the placebo group had border-
line significantly greater mean increases (improvement) in

Table 2. Patient clinical characteristics at baseline*

SS-A/SS-B  Lip biopsy
SWS, UWS, Schirmer score, positive positive
Group (n) gm/5 min gm/5 min mm/5 min n (%) n (%)
Placebo (197) 2.16 = 0.17  0.48 =* 0.05 2.1 + 0.1t 130 (66.0) 26 (13.2)
IFN alfa (300) 2.05 + 0.13  0.44 + 0.03 2.1+ 0.1% 185 (61.7) 45 (15.0)

unstimulated whole saliva; IFN = interferon.
T n = 144.
+n = 229.

* Data reported as mean = SEM unless otherwise noted. SWS = stimulated whole saliva; UWS =
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Table 4. Reasons for early study termination*
Group
IFN alfa, Placebo,
n = 300 n =197
Reason no. (%) no. (%)
Adverse event 23(7.7) 8 (4.1)
Lost to followup 9 (3.0) 3 (1.5)
Perceived lack of efficacy 4 (1.3) 4 (2.0)
Protocol violation 15 (5.0) 12 (6.1)
Withdrew consent 17 (5.7) 18 (9.1)
Total 68 (22.7) 45 (22.8)
* [FN = interferon.

eye dryness scores, compared with the IFN alfa group.
Changes in mean eye dryness from baseline to week 24
were similar in both groups, however (Figure 3A). The
placebo group had a significantly greater increase (im-
provement) in mean VAS score for burning eyes at week 6,
compared with the IFN alfa group, and borderline signifi-
cantly greater increases at weeks 12 and 18. Changes in the
mean burning eyes VAS score from baseline to week 24
did not differ significantly between the groups (Figure 3B).

No significant differences were found between the
groups in the responses to the non-VAS questionnaires
utilized in the study (data not shown). An approximately

g/5 minutes + SEM
-+ |FNa (n=221)
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equal percentage of subjects in each group expressed a
desire to continue their treatment at the conclusion of the
study (IFN alfa group = 72.2%, placebo group = 67.1%).

With respect to changes in clinical and laboratory safety
variables, no detrimental effects of IFN alfa treatment were
observed, and some beneficial effects on disease-associ-
ated markers were found with IFN alfa treatment. Of 173
patients in the IFN alfa group who started the study with
elevated serum globulin, a common finding in primary
Sjogren’s syndrome patients, 31 (17.9%) decreased to
within normal ranges during treatment, compared with 6
of 105 (5.7%) placebo patients (P = 0.004). Overall, no
differences were found between the groups with regard to
the percentage of patients experiencing adverse events by
severity or relation to test article (all P = 0.29). A signifi-
cantly higher percentage of IFN alfa patients (34.3%) ex-
perienced 1 or more adverse events related to the gastro-
intestinal (GI) body system, compared with patients in the
placebo group (25.9%; P = 0.05). However, no particular
GI adverse event was observed with a significantly greater
incidence in the IFN alfa group. A significantly (P < 0.001)
greater percentage of patients in the placebo group (40.1%)
experienced 1 or more adverse events related to the mus-
culoskeletal body system, compared with the IFN alfa
group (25.0%). Within the musculoskeletal body system,
adverse events seen more commonly in the placebo group,
compared with the IFN alfa group, included chest pain

mm = SEM
- |[FNa (n=225)
-o- Placebo (n=145)

32 .

281 ..

20 L — ———
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0.8
5 == Placebo (n=147)

Week 12 Week 18 Week 24

Week 0 Week 6

Figure 1. A, Mean changes in stimulated whole saliva (grams/5 minutes * SEM) in evaluable patients. There were no significant
differences between the groups. B, Mean oral dryness visual analog scale scores (mm *= SEM) in evaluable patients. Both groups had
significantly increased scores (improvement) at all visits compared with baseline (*P < 0.001, **P < 0.0001). C, Mean changes in
unstimulated whole saliva (grams/5 mm + SEM) in evaluable patients. The interferon alfa (IFNa) group had a significant increase (*P =
0.01) in output at week 24 compared with placebo. D. Mean unstimulated whole saliva (grams/5 minutes = SEM) in evaluable patients.
The IFNa group had significantly greater flow at weeks 12, 18, and 24 compared with baseline. The placebo group was significantly

increased at week 18 only (*P < 0.05; **P < 0.01; ***P < 0.001).
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Table 5. Results of intent-to-treat analyses on unstimulated whole saliva*
ANCOVA on mean ranks at week 24 LOCF on mean changes at week 24
Group n Meant SEM P Group n Meant SEM P
Placebo 197 244.2 10.0 — Placebo 197 0.114 0.036 —
IFN alfa 300 252.2 8.4 0.54 IFN alfa 300 0.248 0.049 0.05

1 Data in gm/5 minutes.

* ANCOVA = analysis of covariance; LOCF = last observation carried forward; IFN = interferon.

(4.1% versus 1.0%; P = 0.03) and arthropathy (2.5% ver-
sus 0.3%; P = 0.009). Other contrasts between the groups
with respect to incidences of adverse events by body sys-
tem were nonsignificant.

DISCUSSION

This 24-week study failed to confirm the finding of an
earlier 12-week study in which 150 IU IFN alfa lozenges
given 3 times per day led to significantly greater increases
in SWS flow relative to matching placebo (22). The present
study found instead a significant and beneficial effect of
treatment on UWS flow. The failure of the current study
with regard to SWS and oral dryness can be traced to a
somewhat reduced beneficial response in the treated group
and much greater response in the placebo group, com-
pared with the prior study. In the current trial, the IFN alfa
group had a mean = SEM SWS increase of 0.525 * 0.134
gm/5 minutes at the end of treatment, a 34% reduction
from the increase found in the prior study (0.79 = 0.46)
(22). Conversely, the placebo group experienced a 462%
increase in mean SWS in the current study (0.337 = 0.117
versus 0.06 * 0.11) at the end of treatment compared with
the earlier 12-week study. Although the IFN alfa group still
had a greater mean increase in SWS than the placebo
group, the study was not powered sufficiently to overcome
such a dramatic placebo effect.

The other coprimary endpoint, oral dryness VAS, failed
to achieve significance for the same reason. At the end of
treatment in the current study, the IFN alfa group demon-
strated a mean = SEM increase (improvement) in oral
dryness score of 9.75 = 1.25 mm, a 29% reduction from

Table 6. Correlation between changes in UWS and 8
VAS questionnaires in evaluable patients at week 24*

Placebo group IFN alfa group

Correlation Correlation
VAS coefficient P  coefficient P
Oral dryness 0.176 0.03 0.224 0.0008
Oral discomfort 0.134 0.11 0.131 0.05

Swallow dry food 0.030 0.70 0.173 0.01
Swallow any food 0.125 0.14 0.170 0.01

Eye dryness 0.113 0.18 0.130 0.05
Eye burning 0.141 0.09 0.081 0.23
Nasal dryness 0.035 0.68 0.196 0.004
Throat dryness 0.071 0.40 0.177 0.009

* UWS = unstimulated whole saliva; VAS = visual analog scale;
IFN = interferon.

the previous study (13.79 = 6.61 mm). In contrast, the
placebo group exhibited a 109% increase in effect, having
a mean * SEM oral dryness score increase of 9.55 = 1.64
mm in the current study versus 4.56 = 4.66 mm in the
prior trial (Michalek JE, Cummins MJ, unpublished obser-
vations). Again, this study had insufficient power to allow
for such a vigorous placebo response.

The robust improvements in VAS scores observed in the
placebo group in this study were unprecedented. Previous
controlled studies of IFN alfa treatment in this patient
population have shown consistently lower placebo re-
sponses (21,22). The significance of the findings in the
placebo group in this study is punctuated by the fact that
two-thirds of the patients receiving placebo expressed a
desire to continue treatment at the end of the trial. That
two-thirds of primary Sjogren’s syndrome patients with
documented dry mouth who received no other treatment
except 200-mg maltose lozenges 3 times per day for 6
months would express satisfaction with that therapy was
completely unexpected. The only explanation the authors
can provide for this finding is that the maltose lozenges,
being held in the oral cavity and allowed to slowly dis-
solve 3 times per day, did provide some benefit to the
patients. The fact that placebo patients reported such ben-
efits at study visits that were at least 1 hour removed from
treatment is particularly striking.

It is accepted that saliva can be stimulated nonspecifi-
cally by lozenges or other objects placed in the mouth.
Both sweet and sour tastes are known to increase salivary
flow, as well. To avoid this expected stimulation having an
effect on the results, patients were instructed not to take
their study medications or use anything by mouth for at
least an hour prior to examination and measurement of
salivary output during study visits. However, it is likely
that patients did experience some salivary response to the
placebo lozenges. The use of lozenges for symptomatic
relief in Sjogren’s syndrome is well recognized. Dietary
analysis of Sjogren’s patients, as well as other xerostomic
patients, has shown that consumption of sugar, especially
in the form of slowly dissolving candies, is significantly
increased (29-31). The patients use these candies to
soothe their dry erythematous mucosa. Thus, it is not
surprising that a lozenge with maltose would be soothing
and stimulate saliva. It would not be expected, however,
that the effect would last much beyond the time that the
lozenge was being used. This raises the issue as to whether
the maltose was inducing other, more long-lasting changes
in the oral cavity or whether the data collection instru-
ments failed to capture the acute versus chronic nature of
the treatment response with sufficient sensitivity.



Oromucosal IFN Alfa Treatment of Sjogren’s Syndrome

591

38 mmi—SrEMr

= {FNo (n=223)
-~ Placebo (n=144)

24

Week 0 Week 6 Week 12 Week 18 Week 24
A
4 MME SEM
;=& |[FNa (n=223)

40 | O Placebo (n=142)

28 . .
Week 0 Week 6

Week 12

C

Week 18 Week 24

mm + SEM
| = IFNa (n=223)
-o= Placebo (n=141)

28

24 .

20

16 - -

Week 0 Week 6 Week 18

Week 12 Week 24
B
4 MME SEM
= |FNa (n=223)

-o= Placebo (n=144)

24+ . .
Week 0 Week 6

Week 18

Week 12

D

Week 24

Figure 2. Mean visual analog scale scores (mm = SEM) in evaluable patients. A, Oral comfort. B, Difficulty swallowing dry food. C,
Difficulty swallowing any food. D, Throat dryness. Significantly greater than baseline at *P < 0.05, **P < 0.01; ***P < 0.001; **** P <
0.0001.) An increased score denotes improvement in the symptom. INFa = interferon alfa.

The ability of IFN alfa lozenges to significantly increase
UWS flow as demonstrated in this study is an important
observation. UWS flow represents the basal salivary out-
put patients generate more than 90% of the day. Adequate
unstimulated saliva flow is important for the preservation
and maintenance of oral health (32,33). Importantly, UWS
increases in patients given IFN alfa correlated significantly
and positively with improvement in 7 of 8 symptom mea-
sures, suggesting that patients were able to perceive a
clinical benefit related to this treatment.

The finding of increased UWS flow in the IFN alfa group
was not an artifact of pooling the data from the 2 studies,
since the same effect was noted in both of the trials inde-
pendently. In 1 of the individual studies, the mean UWS
increase observed at week 24 was significantly greater (P <
0.05) in the IFN alfa group, compared with placebo; and in
the other study a similar trend (P < 0.10) was observed.

An increase in UWS flow after 24 weeks of 150 IU IFN
alfa treatment 3 times per day suggests an effect at the level
of the affected salivary glands. It is well recognized in
Sjogren’s syndrome that loss of secretory capacity is the
result of chronic inflammatory infiltrate and a loss of fluid-
producing acinar cells. The mechanism by which low
doses of IFN alfa administered into the oral cavity bring
about increases in UWS flow is unknown. In a previous
study, 9 Sjogren’s patients given 150 IU lozenges 3 times
per day for 6 months had an increase in the amount of
histologically normal saliva gland tissue observed upon
biopsy (21). Thus, IFN alfa may be reducing salivary in-
flammation in an immunomodulatory manner, thereby re-

sulting in greater salivary output. An immunomodulatory
activity of the IFN alfa lozenges is consistent with the
finding that a significantly greater number of patients had
normalization of their elevated serum globulin concentra-
tion following IFN alfa than placebo.

In another study, human parotid gland tissue cultured in
the presence of low doses of IFN alfa expressed augmented
aquaporin-5 (AQP5) transcription and protein production
(34). Consequently, the increased UWS flow seen follow-
ing IFN alfa treatment may be due to an upregulation of
AQP5, with highly selective water channel proteins re-
ported to be abnormally distributed in lacrimal and sali-
vary glands of Sjogren’s syndrome patients (35,36).

The secondary endpoint questionnaires related to sever-
ity of side effects and the interference of side effects in
daily activities showed no differences between the groups.
Along with the absence of deleterious effects on laboratory
variables and physical findings, and the finding of no
differences between the groups in overall adverse event
rate or severity, these results demonstrate the excellent
safety of 150 IU IFN alfa lozenges in Sjogren’s syndrome
patients. In fact, the observation that significantly more
patients in the IFN alfa group experienced normalization
of serum globulin levels, compared with placebo patients,
suggests an immunologic benefit of IFN alfa lozenge ther-
apy.

In summary, this study failed to demonstrate a signifi-
cant effect on the a priori primary endpoints. However,
150 IU IFN alfa lozenges given 3 times per day for 24
weeks did lead to a statistically significant increase in
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Figure 3. Mean visual analog scale changes (mm *+ SEM) in
evaluable patients. A, Eye dryness. B, Eye burning. The placebo
group had significantly or borderline significantly greater mean
increases (improvement) at labeled time points (*P < 0.10; **P <
0.05). IFN« = interferon alfa.

mean UWS flow in patients with primary Sjégren’s syn-
drome. In IFN alfa-treated patients, increased UWS flow
correlated with improvements in 7 of 8 common sicca
symptoms of Sjogren’s syndrome. IFN alfa treatment was
safe and free from significant side effects.

Further research into the use of low-dose IFN alfa as a
treatment for Sjogren’s syndrome is clearly warranted. No
other treatment has shown the ability to increase basal
salivary flow, as IFN alfa lozenges did in this trial. A study
aimed at replicating the histologic improvements demon-
strated by Shiozawa et al (21) would further define the
benefit of IFN alfa lozenges in treating Sjégren’s syndrome.

ACKNOWLEDGMENTS

The authors wish to thank the patients, investigators, and
staff at the 51 clinical centers who participated in these
studies (see Appendix). The authors also thank Dr. Joel
Michalek for his assistance with study design and statisti-
cal analyses. The IFN alfa and maltose in the studies were
graciously donated by Hayashibara Biochemical Laborato-
ries, Okayama, Japan.

REFERENCES

1. Anaya JM, Talal N. Sjogren’s syndrome comes of age. Semin
Arthritis Rheum 1999;28:355-9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Anaya JM, Talal N. Sjogren’s syndrome and connective tissue

diseases associated with other immunologic disorders. In:
Koopman W, editor. Arthritis and allied conditions. 13th ed.
Philadelphia: Williams & Wilkins; 1997. p. 1561-80.

. Fox PC, Brennan M, Pillemer S, Radfar L, Yamano S, Baum J.

Sjogren’s syndrome: a model for dental care in the 21st cen-
tury. ] Am Dent Assoc 1998;129:719-28.

. Daniels TE, Fox PC. Salivary and oral components of

Sjogren’s syndrome. Rheum Dis Clin North Am 1992;18:571—
89

. Fox RI. Sjogren’s syndrome: immunobiology of exocrine

gland dysfunction. Adv Dent Res 1996;10:35—40.

. Fox PC, Speight PM. Current concepts of autoimmune

exocrinopathy: immunologic mechanisms in the salivary pa-
thology of Sjogren’s syndrome. Crit Rev Oral Biol Med 1996;
7:144-58.

. Fox RI, Maruyama T. Pathogenesis and treatment of Sjogren’s

syndrome. Curr Opin Rheumatol 1997;9:393-9.

. Atkinson JC, Fox PC. Sjogren’s syndrome: oral and dental

considerations. ] Am Dent Assoc 1993;124:74—86.

. Wu AJ, Fox PC. Sjogren’s syndrome. Semin Dermatol 1994;

13:138—-43.

Friedlaender MH. Ocular manifestations of Sjogren’s syndrome:
keratoconjunctivitis sicca. Rheum Dis Clin North Am 1992;18:
591-608.

Fox PC. Management of dry mouth. Dent Clin North Am
1997;41:863-76.

Papas AS, Fernancez MM, Castano RA, Gallagher SC, Trivedi
M, Shrotriya RC. Oral pilocarpine for symptomatic relief of
dry mouth and dry eyes in patients with Sjogren’s syndrome.
Adv Exp Med Biol 1998;438:973-38.

Vivino FB, Al-Hashimi I, Khan Z, LeVeque FG, Salisbury PL,
Tran-Johnson T, et al. Pilocarpine tablets for the treatment of
dry mouth and dry eye symptoms in patients with Sjogren’s
syndrome: a randomized, placebo-controlled, fixed-dose,
multicenter trial. Arch Intern Med 1999;158:174—81.

Fox RI, Petrone D, Condemi J, Fife R, Delgin P. Randomized,
placebo-controlled trial of SNI-2011, a novel M3 muscarinic
receptor agonist, for treatment of Sjogren’s syndrome [ab-
stract]. Arthritis Rheum 1998;41 Suppl 9:S80.

Stewart WE II. The interferon system. New York: Springer-
Verlag; 1979.

Witherspoon LR. The interferons—oclinical applications and
new technologies. ] Nucl Med 1984;25:817-21.

Djeu JY, Stocks N, Zoon K, Stanton GJ, Timonen T, Herber-
man RB. Positive self regulation of cytotoxicity in human
natural killer cells by production of interferon upon exposure
to influenza and herpes virus. ] Exp Med 1982;156:1222-34.
Cummins JM, Beilharz MW, Krakowka S. Oral use of inter-
feron. J Interferon Cytokine Res 1999;19:853—7.

Shiozawa S, Kuroki Y, Yoshihara R, Chihara K, Hirata M,
Tanaka T, et al. Increasing effect of oral interferon alpha in
saliva secretion of Sjogren’s syndrome patients. Annual Meet-
ing of the Japan Rheumatology Association; 1993; Abstract
W-12-10.

Shiozawa K, Tanaka Y, Yoshihara R, Hirata M, Kabebuma S,
Shiozawa S. Effect of orally administered interferon alpha on
saliva production in Sjogren’s syndrome. Annual Meeting of
the Japan Rheumatology Association; 1994; Abstract F586.
Shiozawa S, Tanaka Y, Shiozawa K. Single-blinded con-
trolled trial of low-dose oral IFN-alpha for the treatment of
xerostomia in patients with Sjogren’s syndrome. J Interferon
Cytokine Res 1998;18:255—62.

Ship JA, Fox PC, Michalek JE, Cummins MJ, Richards AB, IFN
Protocol Study Group. Treatment of primary Sjogren’s syn-
drome with low-dose natural human interferon-a adminis-
tered by the oral mucosal route: a Phase II clinical trial.
J Interferon Cytokine Res 1999;19:943-51.

Vitali C, Bombardieri S, Moutsopoulos HM, Balestrieri G,
Bencivelli W, Bernstein RM, et al. Preliminary criteria for the
classification of Sjogren’s syndrome: results of a prospective
concerted action supported by the European community. Ar-
thritis Rheum 1993;36:340-7.

Vitali C, Bombardieri S, Moutsopoulos HM, Coll J, Gerli R,



Oromucosal IFN Alfa Treatment of Sjogren’s Syndrome

593

Hatron PY, et al. Assessment of the European classification
criteria for Sjégren’s syndrome in a series of clinically defined
cases: results of a prospective multicentre study: the Euro-
pean Study Group on Diagnostic Criteria for Sjogren’s Syn-
drome. Ann Rheum Dis 1996;55:116—-21.

25. Navazesh M. Methods for collecting saliva. Ann N'Y Acad Sci
1993;694:72-7.

26. Mulligan R, Navazesh M, Wood GJ. A pilot study comparing
three salivary collection methods in an adult population with
salivary gland hypofunction. Spec Care Dentist 1995;15:
154-7.

27. Sugimoto K, Yuen S. Interferon and preparations containing
interferon. 1981. U.S. Patent No. 4,276,282.

28. Senn S. Statistical issues in drug development. New York:
John Wiley & Sons; 1997. p. 158.

29. Southie C, Papas A, Stack K, Harrinton D. Dietary patterns in
a drug induced xerostomic population. ] Dent Res 1998;77:
283.

30. Papas A, Palmer C. Do women with Sjogren’s have diets with
high cariogenic potential? 1st International Women in Dental
Education Conference, Cannes, France; 1998.

31. Calvo ], Papas A. Do medication-induced xerostomia subjects
have more caries prevalence than non-medicated subjects? ]
Dent Res 2002;81:Abstract 985.

32. Mandel ID. The function of saliva. ] Dent Res 1987;66:623-7.

33. Mandel ID. The role of saliva in maintaining oral homeostasis.
J Am Dent Assoc 1989;119:298-304.

34. Smith JK, Siddiqui AA, Modica LA, Dykes R, Simmons C,
Schmidt J, et al. Interferon upregulates gene expression of
Aquaporin-5 in human parotid glands. J Interferon Cytokine
Res 1999;19:929-35.

35. Tsubota K, Hirai S, King LS, Agre P, Ishida N. Defective
cellular trafficking of lacrimal gland aquaporin-5 in Sjogren’s
syndrome. Lancet 2001;357:688—9.

36. Steinfeld S, Cogan E, King LS, Agre P, Kiss R, Delporte C.
Abnormal distribution of aquaporin 5 water channel protein
in salivary glands from Sjogren’s syndrome patients. Lab In-
vest 2001;81:143-8.

APPENDIX A. Investigators and Staff Who
Participated in the Study

Ibtisam Al-Hashimi, BDS, MS, PhD, Salivary Dysfunction
Clinic; Herbert Baraf, MD, Center for Rheumatology and
Bone Research; David Chang, MD, University of Pennsyl-
vania; Walter Chase, MD, Capital Medical Clinic; Cynthia
Clinkingbeard, MD, America’s Doctor; Selwyn Cohen, MD,
Clinical Research Consultants; Ronald Collins, MD, Co-
lumbia Arthritis Center, PA; John Condemi, MD, AAIR
Research; Paul Dalgin, MD, Stamford Therapeutics Con-
sortium; Raphael Dehoratius, MD, Thomas Jefferson Uni-

versity; Francis Dega, MD, PC3 Inc.; Stephen Desidero,
MD, Discovery Research International, LLC; Thomas Dyk-
man, MD, Fayetteville Diagnostic Clinic; Adahli Estrada,
MD, Renstar Medical Research; Rose S. Fife, MD, Indiana
University School of Medicine; Guy Fiocco, MD, Gun-
dersen Clinic, LTD; Joseph Forstot, MD, Rheumatology
Associates of South Florida; Lance Forstot, MD, Corneal
Consultants of Colorado, PC; Beatrice Gandara, DDS, Msd,
University of Washington; Geoffrey S. Gladstein, MD,
Stamford Therapeutics Consortium; Oscar S. Gluck, MD,
Phoenix Center for Clinical Research; Allan Goldman, MD,
Rheumatic Disease Center; Shirley Ingram, MD, Northwest
Rheumatology Associates; Ken Isaacman, DDS, S. Michael
Jones, MD, Little Rock Diagnostic Clinic; Jeffrey Jundt,
MD, Scott and White Clinic; Jeffrey Kaine, MD, Sarasota
Arthritis Research Center; Gary Kammer, MD, Wake Forest
University Baptist Medical Center; Michael 1. Keller, MD,
San Diego Arthritis and Osteoporosis Medical Clinic; Alan
Kivitz, MD, PC, Altoona Center for Clinical Research;
Thomas E. Lafferty, MD, Renstar Medical Research; Mark
W. Layton, MD, South Puget Sound Clinical Research Cen-
ter; Richard Lies, MD, Wichita Clinic; Peter B. Lockhart,
DDS, Carolinas Medical Center; James Loveless, MD, Med-
ical Center Physicians; James McKay, DO, FACR, Health-
care Research Consultants; David McLain, MD, Alabama
Research Center, LLC; Larry Moreland, MD, University of
Alabama; Carter Multz, MD, Arthritis Care Center; Mah-
vash Navazesh, DMD, University of Southern California;
Kerry J. Neal, DDS; Athena Papas, DMD, PhD, Tufts Uni-
versity School of Dental Medicine; Dianne Petrone, MD,
Research Associates of North Texas; Nelson L. Rhodus,
DMD, MPH, University of Minnesota School of Dentistry;
Jonathan Ship, DMD, University of Michigan; Daniel
Small, MD, Sarasota Arthritis Research Center; Eugene
Spiotta Jr, MD, Southern Medical Research; Jon Stevenson,
MD, Arthritis Northwest; Charles Streckfus, DDS, Univer-
sity of Mississippi Medical Center; Gary Sultany, MD,
Northwest Rheumatology Associates; William Surbeck,
DDS, MS, Healthcare Research Consultants; Gene Watson
II, DDS, PhD, University of Rochester; Nathan Wei, MD,
Arthritis & Osteoporosis Center of Maryland; Michael A.
Weitz, MD, Center for Arthritis; Craig Wiesenhutter, MD,
Coeur d’Alene Arthritis Clinic.



