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Abstract

Two cases of Refractory Periodontitis (RP) were studied over an 8-month time period. Both received a novel
regimen of “combination” Host-Modulation Therapy (HMT) (subantimicrobial-dose doxycycline plus low-dose
flurbiprofen adjunctive to traditional non-surgical periodontal therapy. Prior to beginning “combination” HMT, Case #1
was characterized by progressive periodontal deterioration; dramatically elevated levels of inflammatory mediators
(IL-1B) and tissue-destructive enzymes (collagenase activity) in periodontal pockets (GCF); and evidence of systemic
inflammation (high serum levels of hs-C-reactive protein), and mildly elevated LDL and total levels of cholesterol,
indicating an increased risk for cardiovascular disease (CVD). In contrast, Case #2 exhibited undetectable levels
of local biomarkers of inflammation and tissue destruction in their periodontal pockets (GCF), and much lower
levels of both serum hs-CRP and cholesterol indicating lower risk for CVD. Both cases, however, demonstrated the
characteristics of RP including progressive loss of bone and attachment despite repeated periodontal therapy.

During the 12-month regimen of, Case #1, who exhibited much higher levels of local and systemic biomarkers,
responded much more dramatically to the “combination” therapy than Case #2. We suggest that this novel
“combination” therapy may be particularly useful in a sub-set of RP patients who exhibit evidence of systemic
inflammation in their serum (or plasma) samples indicating increased risk for CVD; in these patients “combination”
therapy may dramatically reduce both periodontal disease activity and CVD risk. In order to test this hypothesis,
which proposes the development of more individualized therapeutic strategies, it clearly must be validated in future

randomized clinical trials.

Introduction

Of the different categories of inflammatory periodontal diseases,
Refractory Periodontitis (RP) is the most enigmatic and difficult to
treat. Fortunately it is relatively rare but still remains a significant
clinical challenge. RP is characterized by progressive breakdown of the
periodontal supporting tissues despite ongoing sanative/debridement,
surgical, and/or pharmacological treatments [1-3] i.e., conventional
therapy. A number of mechanisms have been proposed to explain the
unique features of this condition, especially in contrast to the much more
common chronic periodontitis which usually responds well to routine
treatment. Some investigators have suggested that the persistence of a
unique bacterial species might account for the inexorable progression
of this condition or that it has simply been treated inadequately [4,5].
However, based on observations at a specialized university clinic
dedicated to the diagnosis, management and investigation of RP
(SCRP), Bhide et al. [6] proposed: (i) that bacterial infection may not
play the pivotal role that has been traditionally proposed for this non-
responsive group of patients and; (ii) that patients with RP might be
hyper-responsive, from an inflammatory perspective, even to bacteria
that would ordinarily be considered non-pathogenic. In this regard,
elevated levels of CD4 + and CD8+T-cell receptor type, as well as
hyper-excitable PMN leukocytes, may play a role in the abnormal host
response which characterizes this condition [7].

Various inflammatory mediators generated by the host tissues
including, but not limited to, cytokines such as IL-1, TNFa, IL-6,
and tissue-destructive enzymes, the matrix metalloproteinases such
as collagenases (MMP-8, MMP-13), gelatinases (MMP-2, MMP-
9) and other neutral proteinases, e.g., neutrophil elastase, are widely
considered to be key participants in periodontal breakdown [8-12].
Importantly, a link between local inflammatory periodontal disease

and systemic inflammation, particularly as risks for Cardiovascular
Disease (CVD), has been highlighted, increasingly, within the context
of the impact of this common oral inflammatory disease on overall
health. In this regard, elevated levels of acute phase reactants in
serum, particularly C-reactive protein (CRP) but also others such as
haptoglobin and fibrinogen, are recognized as important risk factors
(likely even mediators) for CVD [13-15] and, in several clinical trials,
have been associated with severe periodontitis as well [16-19].

With this background in mind, we have begun to assess the
therapeutic potential of a novel “combination” therapy in patients with
RP. This “combination” therapy consists of an orally (i.e., systemically)
administered MMP-inhibitor (sub antimicrobial-dose doxycycline ;
SDD) [11,12,19,20]), FDA-approved as an adjunct to scaling and root
planning for the management of chronic periodontitis, combined
with another host-modulating drug, the NSAID flurbiprofen, also
administered orally and also in low doses [11]. As background,
Lee et al. [11] demonstrated that pathologically-excessive matrix
metalloproteinase (MMP) activity in gingival tissues was reduced
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significantly when patients with Chronic Periodontitis (CP), who
required periodontal surgery, were placed on a regimen of SDD
3-weeks prior to the procedure. In a second group of patients in the
same study, the administration of low-dose flurbiprofen, by itself, had
no effect on these gingival tissue-destructive enzymes. However, when
a 3rd group of patients with CP were administered a “combination” of
SDD plus low-dose flurbiprofen 3-weeks prior to surgery, a dramatic
synergistic benefit was seen-the excessive activity of collagenase,
gelatinase and even PMN elastase were all reduced synergistically in
extracts of the surgically-excised gingival tissues. This clinical study
was carried out as a result of earlier studies testing this combination
approach for management of experimentally-induced rheumatoid
arthritis in rats where it was shown that this novel treatment resulted
in a synergistic inhibition of MMPs extracted from arthritic joints, as
well as reduced joint destruction based on radiographic analysis [21-
24]. The mechanism appeared to be related to the ability of the NSAID
to significantly increase the local uptake of the tetracycline compound
by the inflamed tissues of the joints, independent of the blood levels of
the drug which were unaffected by the NSAID [23,24]. Accordingly, we
now compare the clinical and biomarker responses of two RP patients
- one with evidence of systemic inflammation, the other without
- to a 12-month regimen of “combination” therapy as an adjunct to
traditional mechanical debridement procedures.

Case Report 1 and 2

Case report 1, characterized by elevated serum hs-CRP (i e,
systemic inflammation)

Clinical characteristics and clinical response to therapy:
Patient E (case #1) is a 42year-old male who originally presented to
the University of Toronto Specialized Refractory Periodontitis Clinic
(SCRP) in June 2007. Prior to his presentation, Mr. E’s dentist noted a
gradual increase in attachment loss and in bleeding-on-probing despite
regular non-surgical periodontal maintenance therapy. At the initial
assessment at the SCRP, profuse bleeding on probing was noted in over
50% of the sites examined. However, there was minimal evidence for the
presence of pathogenic bacteria based on immunofluorescence testing.
In addition to more intensive sanative therapy, Patient E was placed
on a course of SDD months before the current study. This treatment
dramatically improved the clinical measurements however the benefits
began to plateau within 18 months. Patient E then entered the clinical
trial described in this paper. Prior to the start of the trial, Patient E
had a mean of 3.68 mm attachment loss with a range of 2 mm to 7
mm. Bleeding on probing was noted at 2.49 sites /tooth at baseline. This
dramatically improved during the 8-month regimen of “combination”
therapy adjunctive to scaling and root planning reflecting no further
deterioration in attachment level. In fact, there was a small increase in
attachment levels (mean attachment loss 2.69 + 0.58 mm) noted at the
8 month time period. Additionally, there was a significant reduction in
bleeding on probing (down to 0.82 sites/ tooth at 8 months) noted at
the end of the trial compared to baseline values.

Case report #2, serum hs-CRP within normal limits

Clinical characteristics and clinical response to therapy: Patient
W (case #2) is a 47 year old female who presented to the SCRP in 2007
for management of the continuous deterioration of her periodontal
condition despite appropriate suitable periodontal therapy, consisting
of scaling and root planning, followed by open flap debridement
in all four posterior sextants. She was then placed on a 3-4-month
maintenance recall appointments, alternating between her periodontist
and general dentist. Upon presentation to the SCRP, Patient W had

a mean attachment loss of 4.33 mm with a range of 2 mm to 8 mm,
with 2.68 sites/tooth showing bleeding on probing. Minimal counts of
pathogenic bacteria were noted based on the same assays noted for case
#1.Initial treatment in our clinic included 3-4-month recalls at her two
dentists, as well as a regimen of Periostat®, 20 mg every 12 hours. Slight
improvements were noted with the use of this regimen. It was at this
time that Patient W. was entered into our clinical study.

Patient W was placed on the combination of SDD plus low-dose
flurbiprofen for a period of 12 months. There was a dramatic decrease in
bleeding on probing compared to baseline values. The initial response
appears to be the most dramatic but overall the effects appear to be
have been maintained throughout the study. Also noteworthy - - there
appeared to be a slight increase in the level of bleeding on probing at
the first post-study follow-up appointment 4 months after the cessation
of drug therapy.

Clinical chemistry response to therapy: Local (gingival crevicular
fluid/GCF) and systemic (serum) biomarkers for case #1 and case #2:

Local response: GCF samples were collected on filter paper strips
inserted (10 seconds) into 4 pockets in each of the two patients. The
samples were pooled, extracted, then analyzed for the inflammatory
cytokine, Interleukin-1f (IL-1f@), and for collagenase activity as
described by us in detail previously [11,12,25]. The GCF samples (and
blood samples; see below) were collected at the baseline appointment
and at the 4 and 8 month appointments while the two patients were
prescribed the “combination” therapy (see above); note that the
patients were also assessed clinically (but not for biomarkers) at the
12-month and additional post-study appointments. In brief, Case #1
showed a progressive (and, ultimately, an 85%) reduction in GCF
collagenase activity during the 8-months of combination treatment
(Figure 1b) which was not seen in Case #2 because collagenase activity
in this patient was undetectable at time 0, 4 and 8 months. In addition,
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Figure 1: (a) IL-1B and (b) collagenase activity levels in pooled GCF from
case #1 during an 8-month time period of “combination” therapy. In a
pattern of response similar to that for the systemic response shown in Fig.2,
case #1 showed a dramatic reduction in these biomarkers of inflammation
& collagen destruction locally in the periodontal pocket (GCF), whereas the
level of these biomarkers were much lower, ie., undetectable in the GCF of
case #2.
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Case #1 showed a >95% reduction in GCF IL-1B levels over the
8-month treatment regimen (Figure 1a); again,in case #2 the levels of
this biomarker were too low to detect.

Systemic response: Blood samples were collected from the two
patients at baseline, 4 and 8 month time periods, and biomarkers of
systemic inflammation (high-sensitivity C-reactive protein and IL-6)
and total, LDL and HDL cholesterol were measured as described by
us previously [12,17,19-28]. On examination of systemic biomarkers
in the plasma samples of the two patients, a pattern of change similar
to that described for GCF biomarkers over the 8-month regimen of
combination therapy was seen. At the baseline appointment, Case
#1 exhibited a high level of hs-CRP in the plasma (4 mg/L) which
corresponds to a high risk for cardiovascular disease (CVD) [13-15],
and this systemic biomarker was progressively reduced at the 4 and
8-month appointments, while on combination therapy, to a plasma
level of <1 mg/L which reflects a low risk for CVD (Figure 2a). In
contrast, case #2 showed “low-risk” values for this biomarker of
systemic inflammation, i.e., 0.5 mg/L, at all three appointments during
the 8-month treatment protocol (Figure 2a). Interleukin-6 (IL-6), a
long-lived inflammatory cytokine known to stimulate the production
of acute phase proteins by the liver, was not detected in any of the
plasma samples from these two RP patients. Regarding lipid profiles in
the plasma samples, which (like hs-CRP) are important risk factors for
CVD, both patients had values for total cholesterol, LDL (Figures 2b
and ¢), and HDL cholesterol (the latter, a cardio-protective lipoprotein;
not shown) within “normal” limits, although case #1 showed higher
values for total cholesterol (180 mg/dl) and LDL cholesterol (130 mg/
dl) than case #2 (120 mg/dl and 62 mg/dl, respectively) at the baseline
appointment, and both of these lipid fractions were reduced for total
and LDL cholesterol during the 8-month period of treatment in case #1
but not in case #2 (Figures 2b and c).

Discussion

As observed by us prior to this study, the use of SDD as an adjunct
to scaling and root planning reduces clinical measures of periodontal
inflammation in patients with RP. However, as described in the
current case-study report, a novel combination of SDD plus low-dose
flurbiprofen appeared to result in an even greater improvement in
clinical parameters, compared to SDD alone, in this poorly-understood
category of periodontal disease.

Despite an indication of positive findings, it is important to
emphasize the primary limitation of this report, namely that it involves
only two case studies. However, the fact one of the subjects had
evidence of systemic inflammation based on elevated serum levels of
C-reactive protein (which large randomized clinical trials by Ridker et
al. [13-15] have repeatedly linked to increased risk for CVD), whereas
the second RP case showed normal values for this serum biomarker,
makes the contrast in response to the combination therapy, for these
two cases, intriguing for reasons that are described below.

Based on the Special Clinic’s experience, patients with RP are
typically in a treatment phase for many years yet still exhibit signs
and symptoms of severe and progressive periodontal disease leading
to continual loss of periodontal attachment. Hence, the beneficial
effects of adjunctive combination therapy in these cases can be viewed
as a favorable response in that the progression of disease appeared to
have been arrested, at the least. In this regard, by definition, patients
with RP are expected to show progressive loss of attachment and
periodontal breakdown despite vigorous traditional non-surgical and
surgical therapy. Yet during the current protocol, case #1 actually
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Figure 2: Systemic biomarkers in plasma of case #1 and #2: (a) hs-CRP;
(b) total cholesterol; (c) LDL cholesterol. Note that case #1 showed higher
levels of CRP, total & LDL cholesterol at baseline compared to case #2, and
case #1 showed dramatic reductions in these biomarker risk factors for CVD
at the 4 and 8 month time periods during “combination” therapy, whereas
case #2 did not.

exhibited an increase in clinical attachment (regeneration?) and
case #2 also benefited from the adjunctive combination therapy by
showing arrested attachment loss (disease stability). However, once
this novel 12-month therapy was stopped, progressive deterioration
of the periodontal breakdown appeared to activate again based on
an increase in bleeding-on-probing. Regarding possible mechanisms,
previous research by the SCRP has indicated that patients with
refractory periodontitis (compared to those with chronic periodontitis)
are characterized by elevated T-cell levels, particularly CD4+ cells,
which suggests that these individuals are “hyper-immune” [6].
Consistent with this view, others [29] have noted that elevated CD4+
levels may be associated with clonal expansion of both B-cells and
T-cells which could perpetuate the inflammatory state and prevent
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its “resolution”. Ultimately, this could lead to chronically-elevated
levels of inflammatory biomarkers in the bloodstream, including
such markers as C-reactive protein and other acute-phase reactants
produced by the liver. In addition, Lee et al. [26] have demonstrated
that levels of inflammatory mediators (e.g., cytokines such as IL-1p,
IL-6) are elevated locally in the gingival crevicular fluid derived from
patients with RP. In the current preliminary study, the combination of
SDD plus low-dose flurbiprofen appeared to reduce local levels of IL-
1B and MMPs (i.e., collagenase activity) in the periodontal pockets of
RP patients (which has also been seen in the gingival tissues of patients
with CP [11]), as well as reducing abnormally-elevated levels of hs-CRP
(and other biomarkers associated with CVD), namely total and LDL
cholesterol within the circulation compared to pre-treatment values.
Similar improvements in the levels of local and systemic biomarker
of inflammation that occurred as a result of host-modulation therapy
(i.e., SDD either with or without low-dose NSAID) have been observed
during the treatment of patients with CP including (but not limited
to) post-menopausal women who are vulnerable to CVD [11,19,25].
Thus, these benefits potentially could now be extended to the category
of patients who are considered refractory to traditional mechanical
debridement and surgical therapeutic procedures.

Of particular interest are the systemic implications of the
observations in the current case-report study. In this regard, one
of the two RP patients (case #1) exhibited abnormally high levels of
hs-CRP in the circulation (4 mg/L), prior to initiating combination
therapy, and these levels have been interpreted, based on previous
extensive clinical trials, as a “high risk” for CVD [13-15,19]. The other
RP patient (case #2) exhibited much lower baseline hs-CRP levels,
0.5 mg/L, indicating a “low-CVD risk”. A similar CVD risk pattern
was observed for the blood cholesterol values - - case #1 showed
substantially higher level of both total and LDL cholesterol than case
#2 prior to initiating combination therapy. Also of interest, case #1,
with the higher levels of CVD risk factors, responded to combination
therapy with dramatic reductions in serum levels of both CRP and
total and LDL cholesterol (as well as reductions, locally, in clinical
and biomarkers of periodontal disease severity) during the current
study. In contrast, case #2, who showed much lower levels of serum
biomarkers of CVD, including CRP and cholesterol, did not respond
as dramatically to “combination” therapy. Given the controversy
that currently exists regarding the relationship between periodontal
disease and cardiovascular disease risk, the current (albeit preliminary)
report suggests the following intriguing possibility: namely, that a
sub-set of refractory (or other categories of) periodontitis patients
who are characterized by elevated levels of circulating high-sensitivity
C-reactive protein (or by high levels of other biomarkers of systemic
inflammation) may be those periodontitis patients who (i) are at high
risk for CVD, and (ii) would benefit, both locally and systemically, from
a “combination” of SDD and low-dose NSAID adjunctive to traditional
non-surgical periodontal therapy - - whereas those RP patients with
normal levels of systemic biomarkers may not be more susceptible to
CVD, and aggressive (or other) periodontal therapy would be of value
locally but not systemically. It should be noted that findings, consistent
with our preliminary observations, were recently reported in a major
NIH-funded clinical trial testing long-term administration of SDD
adjunctive to periodontal maintenance therapy, in osteopenic post-
menopausal women with chronic periodontitis, a category of patients
considered vulnerable to cardiovascular disease [19].

It is also noteworthy that the patients who participated in this
limited case-study purchased their own medications, with no financial
assistance, indicating a high level of motivation (as well as their

determination to keep their own teeth), the availability of implant
(or other restorative) treatment notwithstanding. Additionally, no
side-effects were noted with the combination therapy and, based on
repeated interviews; the patients were substantially compliant with
daily use of the medication. Clearly, the proposals presented here are
only preliminary and require extensive testing by future randomized
placebo-controlled clinical trials.

Summary: A novel combination therapy (subantimicrobial-dose
doxycycline plus low-dose flurbiprofen) adjunctive to repeated scaling
and root planning may produce systemic as well as local benefits at
least in a cardiovascular disease-susceptible subset of refractory
periodontitis patients.

Summary

A novel combination therapy (subantimicrobial-dose doxycycline plus low-
dose flurbiprofen) adjunctive to repeated scaling and root planning may produce
systemic as well as local benefits at least in a cardiovascular disease-susceptible
subset of refractory periodontitis patients.

Key Findings

We suggest that a novel “combination” therapy may be particularly useful in a
sub-set of refractory periodontal disease patients who exhibit evidence of systemic
inflammation in their serum samples indicating increased risk for CVD; in these
patients “combination” therapy may dramatically reduce both periodontal disease
activity and CVD risk.
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