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Traditionally, the dental profession has primarily treated periodontitis using a mechanical/surgical, rather than a pharma-
ceutical, approach. However, based on experiments several decades ago which demonstrated that tetracyclines, unexpect-
edly, inhibit collagen- and bone-destructive mammalian-derived enzymes (e.g. the collagenases), and through non-
antibiotic mechanisms, the concept of host-modulation therapy (HMT) was developed. Accordingly, two drug-develop-
ment strategies evolved: (i) the development of non-antimicrobial formulations of doxycycline; and (ii) the chemical
modification of tetracyclines to eliminate their antibiotic activity but retain (or even enhance) their anti-collagenase prop-
erties. Regarding the latter, these chemically modified tetracyclines (CMTs) showed efficacy in vitro, in animal models of
periodontal (and relevant systemic) disease, and in preliminary clinical trials on patients with Kaposi’s sarcoma (how-
ever, at the high doses used, photosensitivity was a significant side-effect). In the first strategy, subantimicrobial-dose
doxycycline (SDD) demonstrated safety and efficacy in human clinical trials and was approved by the U S Food and
Drug Administration (U S FDA) and in other countries for the treatment of periodontitis (20 mg, twice daily, i.e. once
every 12 hours) adjunctive to scaling and root planing, and for chronic inflammatory skin diseases (40-mg sustained-
release ‘beads’). SDD also showed efficacy in patients with systemic diseases relevant to periodontitis, including diabetes
mellitus and arthritis, and in postmenopausal women with local and systemic bone loss. Importantly, long-term adminis-
tration of SDD, of up to 2 years, in clinical trials did not produce antibiotic side-effects. SDD (and in the future, new
HMTs, such as low-dose CMT-3, resolvins and chemically modified curcumins) may shift the paradigm of periodontal
therapy from a predominantly surgical approach to the greater use of medicinal/pharmacologic strategies, ultimately to
benefit larger numbers of patients.
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INTRODUCTION

Historically, the dental profession has not treated
the most common chronic inflammatory disease,
periodontitis, using a pharmacological/biological app-
roach, even adjunctively. With this view in mind, plus
the ever-increasing sophistication of modern dental
research and its translation into clinical practice, the
current review addresses the biological and clinical
evidence, accumulated over several decades, support-
ing the use of a unique pharmacological (non-antibac-

terial) approach, called ‘host-modulation therapy’, as
an adjunct to the universally used mechanical debride-
ment, scaling and root planing (SRP) in the long-term
management of periodontal patients. This treatment
strategy is relevant considering the impact of periodon-
titis on overall health1–7. Moreover, evidence-based
guidelines, recently published by the American Dental
Association, support the use of host-modulation ther-
apy [subantimicrobial-dose doxycycline (SDD); see
below] as an adjunct to SRP8. The reader is also
referred to several recently published meta-analyses
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demonstrating the efficacy of this adjunct to non-surgi-
cal periodontal therapy37–39.

HOST-MODULATION THERAPY: A BRIEF HISTORY

In the past, several approaches have been proposed
to modulate the host response using adjunctive medi-
cations in patients with chronic periodontitis (Fig-
ure 1). Often, this strategy has involved the use of
drugs or compounds that either inhibit or, as dis-
cussed more recently, ‘resolve’ the inflammatory
response to the bacterial aetiological factors9,10.
These approaches have included the use of com-
pounds ranging from bisphosphonates (such as alen-
dronate), which inhibit osteoclast-mediated bone
resorption11, to natural products (such as polyunsat-
urated fatty acids, as found in fish oil rich in omega-
3 and docosahexaenoic acid derivatives), which pre-
serve the acute inflammatory response required to
combat infection and for normal wound healing, but
which prevent its prolongation (i.e. through the ‘re-
solvins’)12,13 and, finally, the non-steroidal anti-
inflammatory drugs (NSAIDs) – regarding this last
group of compounds, perhaps the greatest attention
has been paid to the propionic acid derivatives (e.g.

ibuprofen), particularly flurbiprofen. This NSAID has
been shown, in a number of studies on periodontitis
in the Beagle dog model and in clinical trials over
long periods of time (2 years), to reduce alveolar bone
loss when used adjunctively to non-surgical periodon-
tal therapy14. However, the well-known side effects
(cardiovascular and gastrointestinal, and on the kid-
neys and liver) of the long-term use of these com-
pounds, plus the ‘rebound’ effect after terminating
flurbiprofen treatment (i.e. accelerated bone loss), have
precluded their use clinically.
Historically, the first use of the term ‘host-modula-

tion’ as a novel therapeutic strategy for periodontal
disease was based on the unexpected non-antibiotic,
anti-collagenolytic properties of tetracyclines15, which
were described over two decades ago. This is the
theme of the current review.

NON-ANTIBACTERIAL TETRACYCLINES AS
HOST-MODULATORS: THE EARLY ‘DISCOVERY’
EXPERIMENTS

The discovery of the previously unrecognised ability of a
common antibiotic family, the tetracyclines (particularly
doxycycline), to function as a host-modulating drug, not

Figure 1. The therapeutic target of various host-response modulators including the government ‘approved’ non-antibacterial doxycycline formulation
(SDD), as well as CMTs, such as inhibitors of matrix metalloproteinase (MMP) and of inflammatory mediators. IL, interleukin; PGE2, prostaglandin E2;
PUFAs, polyunsaturated fatty acids. Significantly modified from Golub LM, Ryan ME and Williams RC (1998). Modulation of the host response in the

treatment of periodontitis. Dent. Today, 17:102-109.
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only for bacteria-induced periodontitis but also for other
‘collagenolytic’ diseases (many unrelated to any micro-
bial insult), has been described in detail16–19 and is well
known in the periodontal literature (see Kornman
et al.20). In brief, Ramamurthy et al.21 were the first to
demonstrate that experimental induction of diabetes
increases the production and activity of gingival (and
other) tissue (i.e. host-derived) collagenolytic matrix
metalloproteinases (MMPs). They proposed that this
metabolic abnormality, which was reversed by insulin
therapy to reduce the severity of hyperglycaemia, could
explain, at least in part, the increased severity of peri-
odontitis as well as other diabetic complications associ-
ated with this all-too-common disease17,18. During
follow-up experiments using systemic tetracycline ther-
apy in an attempt to suppress the periodontal pathogens
present in the microbial biofilm of diabetic rats, it was
discovered that this pathologically excessive gingival col-
lagenase activity was reduced by this antibiotic, not only
in conventional rats harbouring a typical oral microflora,
but also in germ-free rats16. Moreover, they found the
same pattern of change, caused by tetracycline treat-
ment, in extra-oral connective tissues not associated with
any diabetes-induced alteration in the microbial flora.
That is, diabetes increased the MMP activity and colla-
gen loss in skin (as well as in gingiva) and, once again,
tetracycline (i.e. minocycline or doxycycline) therapy
reduced collagenolysis, even in the absence of any effect
on the severity of hyperglycaemia, and by non-antibac-
terial mechanisms16,18.
This series of studies: (i) demonstrated, for the first

time, that tetracyclines possess an unexpected ability
to inhibit host-derived MMP activity and connective
tissue destruction in various tissues, and by mecha-
nisms unrelated to their antibiotic properties; and (ii)
led to the concept of host-modulation therapy in the
management of periodontal patients15. [The biology
of the host-derived MMPs, and their potential impor-
tance for the development of new diagnostic
approaches for periodontal disease, was recently
detailed by Sorsa et al.22].

THE DEVELOPMENT OF GOVERNMENT
REGULATORY AGENCY-APPROVED,
TETRACYCLINE-BASED, MMP-INHIBITOR DRUGS
FOR DENTAL AND MEDICAL DISEASES

After decades of research that resulted in the identifi-
cation of several mechanisms by which tetracyclines
inhibit pathologically excessive MMPs (including sup-
pression of the synthesis, activation and activity of
these host-generated proteinases), two pathways of
drug development were pursued to reduce connective
tissue breakdown during periodontitis and in other
dental and medical diseases: non-antibacterial tetracy-
cline formulations and novel compositions.

Subantimicrobial dose doxycycline

The first strategy involved the systematic and progres-
sive reduction of the amount of doxycycline per cap-
sule, from 100 mg to 20 mg. This formulation,
referred to as SDD, given orally at 12-hour intervals
(i.e. twice daily), yielded peak serum levels of 0.3–
0.7 lg/mL. Doxycycline serum levels of less than
1 lg/mL are considered too low to have an antibacte-
rial effect17–19,23. In contrast, the doses of doxycycline
traditionally recommended – 100 mg, once or twice
daily – produce peak serum levels of 2–5 lg/mL and
have been demonstrated to result in the rapid emer-
gence of bacteria, both intra- and extra-orally, with
resistance to >4 lg/mL of doxycycline23–26. Based on
the data from these studies, clinical trials were con-
ducted on subjects with chronic periodontitis using
SDD as an adjunct to non-surgical periodontal ther-
apy. As reviewed by Golub et al.17,18 and
others19,27,28, the novel SDD formulation (20 mg,
twice daily) in contrast to the traditional antibiotic
dose (100 mg, once or twice daily), has been shown
not to induce the development of antibiotic-resistant
bacteria27,29–32, or other antibiotic side-effects, even
after long-term administration of up to 2 years for the
management of diseases such as periodontitis,
rheumatoid arthritis (RA) and acne33,35.
To satisfy the requirements of the U S Food and

Drug Administration (U S FDA), and the regulatory
agencies in other countries (the UK and Canada), a
number of safety studies on humans were required for
SDD (20 mg, twice daily). These double-blind pla-
cebo-controlled clinical trials were conducted on the
subgingival flora, the intestinal flora, the vaginal flora
and the skin flora. In all cases, there were no statisti-
cally or microbiologically significant differences
between the subjects who received SDD and those who
received placebo. In addition, there were no significant
differences in the composition of the bacterial biofilm
or its susceptibility to doxycycline or other antibiotics at
the end of the study relative to baseline values27,29–32.
More recently, a once-daily formulation of SDD has
been developed, tested for safety and efficacy, and
approved by the government agencies of several coun-
tries (e.g. the U.S. FDA) for the treatment of the chronic
inflammatory skin disease, acne rosacea.35 This formu-
lation of doxycycline consists of a novel, sustained-
release capsule (10-mg slow-release doxycycline ‘beads’
coating 30 mg of traditional doxycycline) designed to
release slowly, over a 24-hour time period, low non-
antimicrobial levels of the drug (so that ‘peak’ blood
levels are less than 1 lg/mL), to prevent the develop-
ment of antibiotic-resistant bacteria.
In addition to the safety issues just addressed, the use

of the SDD formulation has been found to produce sig-
nificant evidence of efficacy in reducing the severity of
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periodontitis, in a number of randomised clinical trials
in the USA and other countries18,19,34,36, a conclusion
confirmed by several review publications that carried
out meta-analyses of the data37–39. The measurements
used to assess clinical efficacy included gingival bleed-
ing scores, probing depth, clinical attachment loss/gain
and radiographic measurements of loss of alveolar
bone height (subtraction radiography) and bone density
(computer-assisted densitometric image analysis). The
biological mechanisms involved in these observed bene-
ficial clinical responses have been addressed in numer-
ous studies on human subjects and in animal models. In
this regard, administration of SDD has been found to
result in a significant reduction in the levels of inflam-
matory mediators [e.g. cytokines such as interleukin
(IL)-1b and tumour necrosis factor-alpha (TNF-a)],
markers of alveolar bone resorption (ICTP, a bone type
I collagen degradation fragment) and mediators of col-
lagenolysis and connective tissue destruction (collage-
nase activity; MMP-8, MMP-9 and other proteinases)
in human gingiva and in the gingival exudate [gingival
crevicular fluid (GCF)] in the periodontal pocket17–19.
Recently, SDD has also shown an ability to reduce
oxidative stress in gingival tissues, including the inhibi-
tion of lipid peroxidation and the ‘normalisation’ of
antioxidant enzymes, such as superoxide dismutase,
providing additional mechanisms by which this host-
modulating therapy can inhibit alveolar bone loss dur-
ing periodontitis40.
As a result of their systematic analysis of this

topic, the American Dental Association recently pub-
lished an ‘evidence-based’ multiauthor/expert paper,
assessing the safety and efficacy of non-surgical peri-
odontal therapeutic regimens including SRP alone
and SRP combined with various adjuncts, including
topical (sustained-release antibiotics and antiseptics;
photodynamic and laser therapy) and systemic (an-
tibiotics such as azithromycin and amoxicillin; and
SDD as a non-antibiotic host-modulator) treat-
ments8. Based on their review, they reported that
SRP alone, and SRP combined with SDD as a host
modulator, were the most evidence-based treatments
regarding safety and efficacy. For clinical attachment
loss measurements described in their analysis, SDD
improved the clinical results by 71% compared with
SRP without this adjunctive therapy.

Chemically modified tetracyclines

The second strategy used to develop non-antibacterial
tetracyclines as host-modulating MMP inhibitors was
to modify the chemical structure of these compounds
by removing the side-chain, the dimethylamino group
at carbon-4, which is known to be responsible for
its antibiotic activity. This strategy has been described
in detail17–19,41 and our experiments resulted in: (i)

identification of the site on the tetracycline molecule
responsible for its anti-MMP activity, namely the
metal ion (calcium and zinc)-binding, b-diketone moi-
ety on carbon-11 and carbon-12; and (ii) development
of a series of non-antibiotic, chemically modified
tetracyclines, called CMTs or COLs, which show effi-
cacy as inhibitors of MMPs, collagenolysis and bone
loss in various in vitro and in vivo models of peri-
odontitis, diabetes (including impaired wound heal-
ing), rheumatoid and osteoarthritis, acute lung disease
and cancer4,17–19.
The most potent of these CMTs or COLs, CMT-3

(COL-3) (i.e. 6-demethyl 6-deoxy 4-dedimethyamino
tetracycline), has been tested in FDA-required Phase I
and Phase II clinical trials on patients with Kaposi’s
sarcoma42,43. These trials demonstrated that this
experimental non-antibacterial tetracycline compound,
administered orally once per day (this compound was
rapidly absorbed into the bloodstream after oral
administration and exhibited a long serum half-life),
produced significant reductions in both angiogenic
lesions in the skin of these patients and in their serum
biomarkers of the disease, i.e. MMP-2 and -9 and vas-
cular endothelial growth factor (VEGF). However, a
side-effect of this experimental drug, significant pho-
tosensitivity at the high oral doses used (100–150 mg/
day), precluded further clinical development.
At similar high doses, this compound has also

shown evidence of efficacy in a lung disease with
40% mortality, namely acute respiratory distress syn-
drome (ARDS), in a Yorkshire pig model44. However,
more recently, much lower doses (one 10-mg capsule
per day) administered adjunctive to SRP, versus pla-
cebo capsules plus SRP, to humans with periodontal
disease, showed preliminary evidence of efficacy by
reducing pathologically excessive levels of MMP-8
and collagenase activity, as well as IL-1b, in the GCF
of periodontal pockets45. At this low dose, no side-
effects, such as photosensitivity, were observed in this
pilot study. These studies, both in vitro (not described
here) and in preliminary clinical trials, suggest that a
‘low-dose’ formulation of CMT-3 (or one of its ana-
logues) could, in the future, emerge as a safe and
effective treatment for a variety of chronic inflamma-
tory diseases, including periodontitis.

EFFICACY OF SDD IN ‘COLLAGENOLYTIC’
MEDICAL DISEASES

When tetracyclines were first discovered to function
as MMP-inhibitor drugs, and by mechanisms
unrelated to their conventional antibiotic activity, it
was immediately proposed that this unexpected prop-
erty would benefit not only patients with periodontitis
but also those with various ‘collagenolytic’ medical
diseases16–18. The rationale was: (i) collagen is the

130 © 2016 FDI World Dental Federation

Golub et al.



major structural protein of all the connective tissues
in the body, not only in the gingiva, periodontal liga-
ment, cementum and alveolar bone, but also in the
skin, skeleton, cartilage, tendons and ligaments, cor-
nea of the eye, and cardiovascular and pulmonary sys-
tems; and (ii) the only enzymes produced by body
tissues (the host) that can degrade collagen, and also
attack other connective tissue constituents, are the
collagenases and other MMPs. With this overview in
mind, the therapeutic efficacy of SDD formulations in
a number of medical diseases has been studied and
detailed previously4,17–19,46. The evidence for derma-
tology, ophthalmology, rheumatology, diabetes melli-
tus and postmenopausal bone loss is summarised.

Dermatology and ophthalmology

These two medical specialties were among the first to
study, systematically, the efficacy of non-antibiotic prop-
erties of tetracyclines, notably doxycycline, in their clini-
cal disciplines17–19,28,35,47. In brief, chronic inflammatory
skin diseases, such as acne vulgaris and rosacea, involve
an abnormal host response, as occurs in periodontitis,
including pathological collagenolysis, and a number of
randomised clinical trials have demonstrated safety and
efficacy in both dermatological diseases. In fact, a
recently developed sustained-release one-capsule-per-day
formulation of non-antibiotic doxycycline, described
above, now an FDA- and international government-
approved treatment for rosacea, is widely prescribed as a
systemic medication (Oracea�; Galderma Laboratories,
L.P., Ft. Worth, TX, USA) for this chronic inflammatory
skin disease35, and safely and effectively reduces ery-
thema lesions and telangiectasia in these patients. [Of
interest, regarding the common mechanisms for inflam-
matory skin disease and periodontitis, Preshaw48

described the significant efficacy of this dermatological
non-antibiotic low-dose doxycycline formulation,
Oracea�, as adjunctive treatment for human periodonti-
tis in their double-blind placebo-controlled study.]
Ophthalmological applications were also among the

earliest disorders to be studied using this dental
research discovery, and Federici47 recently sum-
marised the animal and clinical studies demonstrating
the efficacy of non-antibiotic properties of tetracycli-
nes, notably doxycycline, in successfully healing sterile
corneal ulcers (corneal ‘melts’) associated with
immune diseases and chemical burns mediated by
excess MMP activity, and in blepharitis of the eyelid
in patients with rosacea.

Rheumatology

The proposed therapeutic use of tetracyclines, includ-
ing non-antibiotic chemically modified analogues (the
CMTs), for both rheumatoid arthritis (RA) and

osteoarthritis (OA), has a long history which has been
reviewed extensively17–19,49–52. Of particular interest,
a recent paper by Payne et al.7 addressed the link
between RA and periodontitis, including the adjunc-
tive use of non-antimicrobial doxycycline (SDD) ther-
apy for both diseases. This publication is of particular
interest for several reasons: (i) it was a collaborative
effort involving both academic periodontists and aca-
demic rheumatologists; (ii) it highlighted the ‘two-hit’
model of periodontitis53 that is defined by the interac-
tion, in the development of progressive periodontitis,
of an altered host response locally in the periodontal
tissues and systemic inflammation; and (iii) it
described the synergistic therapeutic response, during
both periodontitis and RA, when administered as a
combination of a non-antibiotic tetracycline (e.g. SDD
or a CMT) plus an NSAID (low-dose flurbiprofen).
An early incorrect rationale, based on a bacterial ori-
gin of RA for this medical use of tetracyclines, has
long been abandoned based on the results of numer-
ous animal and clinical studies17,46. However, the
potential efficacy of these medications in RA, includ-
ing minocycline, and, more recently, doxycycline and
the CMTs, has been confirmed based on their non-
antimicrobial, host-modulating properties. In this
regard, Greenwald et al.52 reported ‘a profound
decline in (host) collagenase activity (average 67%)’
in the synovial tissues surgically excised from patients
with RA who were administered doxycycline preoper-
atively. More recently, O’Dell’s group described a sig-
nificant reduction in clinically assessed RA severity in
response to SDD adjunctive therapy in a long-term (2-
year) double-blind placebo-controlled study33.
Regarding OA, a series of studies by Brandt and his

colleagues (and others) demonstrated, in tissue cul-
ture, in animal models and in humans, that doxycy-
cline administration reduces cartilage breakdown and
the severity of OA lesions, effects clearly unrelated to
its antibiotic activity, and associated with the inhibi-
tion of host-derived MMPs including the collagenases
and gelatinases49–51.

Diabetes

The links between periodontitis and this systemic dis-
ease, one of the most common that the dentist has to
manage, have been repeatedly addressed in review
articles1,6,54–56, including our own17–19,57. Both type 1
and type 2 diabetes, when the severity of hypergly-
caemia is not well controlled, often present numerous
complications and include those in the oral cavity,
such as increased severity of periodontal disease and
impaired wound healing. As is well known in the
field, the management of the non-enzymatic glycation
end-product in the patient’s circulation, glycated
haemoglobin (HbA1c), reflects prolonged exposure to

© 2016 FDI World Dental Federation 131

Host-modulating tetracycline therapies



elevated glucose levels and is the current ‘gold stan-
dard’ for clinical glycaemic control.
Although earlier clinical studies indicated that

reducing periodontal severity by SRP can improve gly-
caemic control in diabetic patients, as reflected by a
reduction in the HbA1c levels58,59, a recent major
multi-institutional study by Engebretson and his col-
leagues did not find any significant improvement in
HbA1c levels as a result of non-surgical periodontal
therapy (SRP plus the use of an antiseptic mou-
thrinse)60. Earlier, however, the same author, in a pre-
liminary study on patients with diabetes treated with
systemic host-modulation therapy (i.e. SDD, 20 mg,
twice daily) over a 3-month time period adjunctive to
SRP, found that this treatment did appear to show a
clinically significant improvement in glycaemic con-
trol. In contrast, SRP alone, or in combination with a
2-week regimen of antibiotic therapy, had no effect
on the levels of HbA1c61. Additional longer-term
studies on the clinical potential of adjunctive host-
modulation therapy in diabetic patients are indicated
particularly because this therapeutic strategy has a
strong basic scientific rationale. As examples, the
excess MMP activity and the pathological alterations
in bone remodelling (decreased bone formation and
increased resorption) induced by experimental dia-
betes have all benefitted from treatment with non-
antibiotic formulations of tetracyclines18,19.

Postmenopausal skeletal and alveolar bone loss

Postmenopausal osteoporosis and its milder form of
systemic bone deficiency, osteopenia, increase the risk

for fracture, which, with advancing age, can have
serious adverse effects. Postmenopausal skeletal defi-
ciency has also been implicated as a risk factor for
periodontal disease62,63. About 90% of bone matrix
consists of type I collagen, and the destruction of
this organic phase during bone resorption (which
also, of course, involves the dissolution of the cal-
cium phosphate mineral phase by acid secreted by
osteoclasts) is mediated by various MMPs, particu-
larly the collagenases and gelatinases (and osteoclast-
produced metallo-elastase) produced by several types
of bone cells. Based on this understanding, the thera-
peutic potential of the non-antibiotic tetracyclines as
MMP inhibitors has been extensively explored for
the management of pathological bone loss, both local
and systemic34, using both in vitro (cell and organ
culture) and in vivo animal models of periodontitis,
diabetes and postmenopausal osteoporosis17–19,34.
These successful experiments, followed by prelimi-
nary human studies, culminated in a major long-term
double-blind placebo-controlled clinical study that
has been published in various dental, medical and
biological journals and summarised recently34. In this
study, postmenopausal women who exhibited both
local (periodontitis) and systemic (osteopenia) bone
loss were administered SDD or placebo capsules
daily for 2 years, adjunctive to regular periodontal
maintenance therapy. This regimen was found to be
safe and effective based on biochemical, clinical and
quantitative X-ray measurements of periodontal dis-
ease severity. In addition, the beneficial effects on
circulating biomarkers of skeletal bone resorption
(ICTP and CTX) generated the hypothesis that SDD

Figure 2. The ‘Two-Hit’ model of periodontal disease and its systemic implications. The ‘1st Hit’ represents local gingival inflammation induced by the
subgingival biofilm. The inflammatory mediators generated by this ‘Hit’ reach the liver via the circulation to induce an acute-phase response and systemic

inflammation. These circulating mediators [e.g. C-reactive protein (CRP) and interleukin-6 (IL-6)] then target other organs (e.g. the heart, to promote
cardiovascular disease), including the already-inflamed gingiva, thus exacerbating periodontal disease severity (the ‘2nd Hit’). LPS, lipopolysaccharide.

Modified from Golub et al.53
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treatment in postmenopausal women could decrease
the risk of osteoporosis development64.

Cardiovascular and pulmonary diseases

A number of publications in the dental and medical
literature have described evidence, at both the basic
science and clinical levels, that non-antibiotic tetracy-
clines (e.g. SDD) can improve these all-too-common
conditions (Figure 2). Accordingly, the reader is
referred to recent and earlier reviews of these
topics17–19, 65–79.

ON THE HORIZON

Several related innovative categories of potential host-
modulation therapies have recently emerged and
include the following:

• A low dose of CMT-3, a novel derivative of tetra-
cycline that has no antibiotic activity at any dose
but which is a potent MMP inhibitor. In earlier
clinical trials, this experimental drug at relatively
high oral doses (e.g. 100 mg/day) did show efficacy
in patients with Kaposi’s sarcoma as an angiogene-
sis inhibitor. However, a side-effect at these doses
was significant photosensitivity42,43. Of particular
interest, a low-dose formulation of CMT-3, of
10 mg/day, also administered orally, did show evi-
dence of efficacy in patients with chronic periodon-
titis as a suppressor of MMP-8 and IL-1b22,45; no
evidence of adverse events were seen in this limited
and preliminary clinical study

• A novel combination of SDD plus ‘low-dose’
NSAID (flurbiprofen) which, in preliminary human
studies, dramatically reduced pathological levels of
MMPs and elastase in gingival tissues of patients
with periodontitis requiring surgical intervention80.
This host-modulation therapy formulation is cur-
rently being tested in the management of patients
with either refractory periodontitis or with peri-
implantitis81. This experimental therapeutic ratio-
nale is based, in part, on the pathological levels of
MMP-7 and MMP-8 in these lesions22.

CONCLUSIONS

We have reviewed the translational research which
resulted in the first government-approved oral/sys-
temically administered drugs as host-modulation
therapies. This research provides evidence and a
rationale for a shift from the traditional ‘surgical’
model of periodontal therapy, to one that increas-
ingly incorporates a ‘medical/pharmaceutical’
approach. This new strategy, which manages peri-
odontitis as an inflammatory and collagenolytic dis-
order, not just an anatomical defect, may result in

an increasing number of patients receiving treatment
for this most common chronic disease.
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