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ABSTRACT

The selection of proper outcome measures is a critical step in clinical research. Most
randomized clinical trials (RCTs) assessing the effects of initial anti-infective periodontal
therapies use surrogate outcomes as primary outcome variables, such as mean changes
in probing depth (PD) or in clinical attachment. However, these parameters do not reflect
disease remission/control at patient level, which has led to subjective interpretations of
the data from RCTs and Systematic Reviews. Based on a comprehensive analysis of 724
patients from USA, Germany and Brazil treated for periodontitis, this paper suggests
that the clinical endpoint of “<4 sites with PD=5mm” is effective in determining disease
remission/control after active periodontal treatment and therefore, may represent a per-
tinent endpoint for applying the treat-to-target concept in RCTs. Furthermore, regression
models showed that the presence of >10% and >20% sites with bleeding on probing in
the mouth post-treatment increases the risk of a patient leaving the endpoint from 1-2
years (OR=3.5 and 8.7, respectively). Researchers are encouraged to present results on
this outcome when reporting their trials, as this will allow for an objective comparison
across studies and facilitate systematic reviews, and consequently, the extrapolation of
data from research to clinical practice.
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Introduction

One of the most challenging steps when designing a
Randomized Clinical Trial (RCT) is the selection of ap-
propriate outcome measures capable of demonstrating
the impact of an intervention or exposure. The search
for clinically suitable outcomes in research is not a novel
concept but has gained new momentum over the past
years, along with the growing debate about the clinical
applicability of the data generated by RCTs. In this con-
text, two main lines of discussion should be highlighted:
(i) the necessity of determining clinical endpoints that
reflect real benefits for patients’ clinical health (e.g.
disease remission/control) or quality of life - and con-
sequently, the need to assess patient-reported outcome
measures (PROMs) (Calvert e al., 2013); and (ii) the
importance of standardizing the outcomes reported by
all RCTs in specific areas of health care (Core Outcome
Measures in Effectiveness Trials, 2020).

Most RCTs in periodontology use indirect (i.e. sur-
rogate) measures as primary outcome variables, such
as mean changes in probing depth (PD) or in clinical
attachment (CA). While these parameters have been
largely used for many years and seem to be effective in
discriminating the clinical effects of different treatments,
they do not necessarily reflect disease remission/control
at patient level or indicate tangible benefits for patients.
Thus, in recent years, clinical investigators have ques-
tioned the relevance of these measures and explored
other endpoints for periodontal treatments (Guerrero
et al., 2005; Cionca ez al., 2009; Feres ez al., 2012; Borges
et al., 2017). This paper presents a proposal of a clinical
endpoint for active periodontal treatment to be used in
clinical trials, based on a compilation and analysis of
data from studies conducted in the USA, Germany and
Brazil. In order to guide the reader through the data
presented and discussed, the first part of this paper
presents an overview of some concepts that have been
directing the debate on this topic.

Choosing primary outcome variables in clinical
trials

Choosing a meaningful primary outcome variable and
the target effect size is the key to successful clinical
studies. These parameters will determine the minimum
sample size to assure adequate statistical power for
detecting a difference between experimental groups if
this difference exists. Regulatory agencies, including the
Food and Drug Administration (FDA), have suggested
that clinically meaningful (or direct) outcomes should be
able to measure how a patient feels (e.g. disease symp-
toms/quality of life) functions or survives (e.g. survival
rates) (FDA, 2012). Nonetheless, is not always possible
to use a direct outcome in RCTSs, either because the
resolution of the disease is not associated with evident
symptoms - as in the case of periodontal diseases - or

because the endpoint chosen is a rare event that often
manifests only long-term — as in the case of mortal-
ity/survival rate for certain chronic conditions such as
atherosclerosis. In the latter case, very large, long and
expensive trials are necessary to test the efficacy of a
new treatment.

Whenever it is not feasible to choose a direct out-
come, a surrogate outcome such as a biomarker or a
clinical sign/measurement can be used as an alternative.
Classic examples may be found in the medical field. For
instance, RCTs testing a new medication to prevent
myocardial infarction or atherosclerotic disease using
the clinical events themselves or “death” due to these
conditions as the primary outcome could take decades
to be completed, since these are low event rates in the
general population. Thus, arterial blood pressure is
commonly used as a surrogate outcome for myocardial
infarction or heart failure, and cholesterol levels for
atherosclerotic disease. While surrogate outcomes have
been successfully used for clinical practice decision-
making, their proper use depends on their ability to
predict meaningful benefits to patients (Prentice, 1989;
Hujoel and DeRouen, 1995; Fleming and DeMets, 1996;
Koch and Paquette, 1997; Hujoel, 2004).

The treat-to-target concept

The treat-to-target concept was introduced in the medi-
cal literature in the late 1990s, and its basic principle is to
treat a disease until a prespecified clinical or laboratorial
target is achieved. This approach has proven efficacy in
chronic medical disorders, such as diabetes (target: blood
glucose), atherosclerotic disease (target: cholesterol lev-
els) and cerebral vascular accident (target: arterial blood
pressure). Although effective, the greatest challenge of
this treatment approach is to identify targets that reflect
disease remission/control. Patients who stay within the
limits of a certain treatment goal are expected to have
lower chances of developing future disease progression
and complications, worsening of the condition or fatal
events. Diabetes is a good example of the effectiveness
of the treat-to-target concept. Most RCTs testing new
therapies for controlling diabetes evaluate treatments
according to their effectiveness in maintaining blood
levels of glycated hemoglobin (HbAlc) and fasting
plasma glucose within certain thresholds (Nathan ez
al., 1993). More recently, the treat-to-target concept
has been extended to other clinical conditions, such
as rheumatoid arthritis (Grigor ez al., 2004; Son et al.,
2017), psoriasis (Takeshita e a/, 2015) and lupus (van
Vollenhoven e¢f al., 2014).

Primary outcome variables and the treat-to-
target concept in periodontal trials

Although there are valid arguments in favor of using
tooth loss as a clinically meaningful direct outcome



in RCTs (Hujoel, 2004), there are several difficulties
associated with the use of this parameter. First,
spontaneous tooth loss (i.e., tooth exfoliation) is a rare
event and second, most of the observed losses are due to
a clinical decision to extract by a practitioner who deems
the tooth hopeless at some point during the periodontal
treatment. In fact, the definition of a “hopeless tooth”
is in no way standardized between practitioners. Further,
tooth loss after active periodontal treatment is even
rarer (Graetz et al., 2017) as treatment plans typically
include extraction of teeth with very advanced disease
as part of initial therapy. The use of PROMs as direct
endpoints in periodontal trials has also been discussed
(Shanbhags ez al., 2012; Baiju et al., 2017; Sharma ez al.,
2018), but no RCTs to date have used PROMs as primary
outcome variables. Thus, most pivotal RCTs published
to date testing different periodontal treatments have
used surrogate outcomes.

The most commonly used surrogate outcomes in
periodontal trials are mean reductions in PD or gain
in CA at initially deep sites. Sample size calculations
using these parameters normally give rise to very small
trials. For example, in a study with a parallel design of
two arms using mean PD reduction in sites with PD=>7
mm as the primary outcome and an expected difference
of 1 mm between groups, only 14 to 16 patients per
group would be necessary to reach a power of 80%.
Some authors have used changes in full-mouth variables,
which is even worse since full-mouth data are normally
diluted by the high number of shallow sites in subjects
with periodontitis — even in advanced cases - as these
sites do not show considerable changes in PD and CA
after treatment. Thus, power calculations based on
full-mouth changes in mean PD or CA normally use
a 0.5 mm target difference between groups, which has
generated many questions and debates about statistical
significance versus clinical relevance of the differences
observed between therapies. Although there is no
evident error in these calculations, hidden pitfalls may
exist. For instance, many of these studies may have
been underpowered to show a true clinically meaningful
benefit from treatments. Unfortunately, underpowered
RCTs are not rare occurrences in the dental and medical
literature. This may happen for different reasons, such
as, for example, underestimating the standard deviation
of continuous outcomes, overestimating the effect
size, or both (Vickers, 2003). Regrettably, it has been
estimated that presentation of sample size calculations
in the dental literature is suboptimal, and over 70% of
the studies published in leading dental journals have
reported inadequate data to allow for replication of
sample size assumptions (Koletsi ¢z a/., 2014). Another
important criticism about using changes in mean PD
and CA as primary outcomes in periodontal RCTs is
the fact that they do not indicate periodontal health
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or disease remission/control. Thus, other primary
outcome variables have been explored to facilitate the
interpretation and comparison of findings of the various
RCTs and to make these results more suitable and logical
for clinical practitioners (Cionca ¢z al., 2009; Feres ¢t al.,
2012; Harks ez al., 2015; Botrges ¢t al., 2017).

It has been advocated that residual pockets post-
treatment may favor persistence/recurrence of peri-
odontal inflammation and infection, and consequently,
progression of attachment loss (Claffey and Egelberg,
1995; Renvert and Persson, 2002; Lang and Tonetti,
2003; Matuliene e¢f al,, 2008, Graetz et al., 2017). The
presence of sites with PD= 5 mm was one of the six
parameters included in the proposed Periodontal Risk
Assessment index by Lang and Tonetti (2003). The pres-
ence of < 4, 5-8 and 29 of these sites was one of the
criteria for defining low, moderate and high risk, respec-
tively, for future disease progression (Lang and Tonetti,
2003). Later on, a robust long-term risk assessment study
showed that the presence of 9 or more sites with PD =
5 mm or at least one residual pocket with PD = 6 mm
were associated with increased risk of future disease
progression in a population of 172 subjects treated for
periodontitis and under periodontal maintenance for
an average period of 11.3 (range: 3—27 years). These
authors also observed that the presence of a pocket =
5 mm (at the tooth level), with or without bleeding on
probing, or = 30% of sites with bleeding on probing in
the mouth increased the risk of tooth loss (Matuliene
et al., 2008). The presence of a pocket =2 6 mm in a
given tooth after treatment has also been associated
with an increased risk of losing the tooth (Salvi et al.
2014, Graetz et al., 2017). Graetz et al. (2017) followed
57 patients with generalized aggressive periodontitis
under supportive periodontal treatment for an average
of 17 years (range: 9-28 years) and observed that the
risk of tooth loss was significantly increased with each
mm of residual probing depth.

Other authors have advocated that the presence
of residual pockets with bleeding on probing (BOP)
post-treatment would be the most accurate outcome
to evaluate results of treatment (Mombelli 7 a/., 2015).
BOP is a very important parameter to measure inflam-
mation burden and infection load at patient level, but it
seems less effective as a predictor for disease progression
at site level (Matuliene e# a/., 2008; Farina ez al., 2013).
In the study of Matuliene ¢ /. (2008), although BOP
increased the probability of tooth loss at tooth level,
the presence of deep sites post-treatment at patient
level was associated with future disease progression,
independently of the presence/absence of bleeding.
It is important to highlight that deep pockets harbor a
more dysbiotic subgingival biofilm and higher levels of
periodontal pathogens than shallow pockets (Socransky
and Haffajee, 2005; Pérez-Chaparro ¢f al., 2018), being
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therefore more prone to bleeding than shallower pockets
(Farina ez al., 2013). Thus, even if bleeding is not de-
tected during a particular appointment in a deep pocket,
it may eventually appear. These considerations suggest
that deep pockets are risk-associated niches for disease
activity, independently of the presence of bleeding,
Altogether, the above-mentioned data indicated that
“presence/absence of deep pockets” post-treatment has
good potential to be an effective surrogate outcome
in periodontal trials, since it has been correlated with
disease “recurrence/stability”. Defining a maximum
threshold for residual pockets after treatment may be
an effective treat-to-target approach for RCTs in peri-
odontology: a strategy that has been suggested before
(Bartold and Van Dyke, 2017; Bartold e# 4/, 2019), but
it remains largely unused mainly due to the lack of es-
tablished endpoints for periodontal treatment.

Proposal of a patient-centered endpoint
for applying the treat-to-target concept in
periodontal trials

The presence of at most 4 residual sites with PD = 5 mm
post-treatment was reported for the first time by Feres ¢
al. (2012) to be a reasonable cutoff for predicting stabil-
ity with little or no future attachment loss. Afterwards
this parameter was reported in other studies evaluating
the effects of scaling and root planing (SRP), antibiotics,
probiotics and host-modulators in periodontal treatment
(Mestnik ez al., 2012; Teughels ez al., 2013; Favert e al.,
2014; Harks ez al., 2015; Laleman ez a/., 2015; Tekce et a/.,
2015; Tamashiro ez al., 2016; Cosgarea ez al., 2017; Araujo
et al., 2019; Almeida ez al., 2020; Castro dos Santos ¢# al.,
2020) and it has also been used as a primary outcome
variable (Borges ¢ a/., 2017). This outcome was consid-
ered a promising endpoint for treatment because it was
capable of discriminating the effects of different peri-
odontal treatments and was accurately correlated with
microbiological changes brought about by treatments
(Feres ez al., 2012; 2015; Tamashiro e a/., 2016; Borges
et al., 2017). In order to test the effectiveness of this
outcome in a large population, we consolidated the data
sets of the 4 RCTs with time intervals of 1 and 2 years
of follow-up, which included patients with periodontitis
stages 111 and IV treated using SRP alone or with adjunc-
tive metronidazole (MTZ), MTZ+ amoxicillin (AMX),
local tetracycline fibers and open-flap debridement.
Two studies were conducted in Brazil (Feres ¢f /., 2012;
Tamashiro ez al., 2016), one in the USA (Goodson ¢7 a/.,
2012) and one in Germany - ABPARO study (Harks ez
al., 2015). From the 385 subjects treated with adjunc-
tive antibiotics, 347 took MTZ+AMX and 38 MTZ.
All study protocols were approved by the institutional
review committees for human subjects and appropriate
informed consents was obtained. All studies included
regular maintenance sessions after the active phase of

treatment. The demographic and clinical characteristics
of the three databases at baseline are presented in Table
1. A total of 724 patients were included in the analysis.
Overall, the German study included patients with lower
levels of periodontal destruction in comparison with the
other centers, and the Forsyth patients had the highest
mean full-mouth PD among the 3 centers.

Initially, we aimed to check whether the proposed
endpoint (=4 sites with PD = 5 mm) was a frequent
or a rare post-treatment event. For this purpose, we
tested several thresholds of residual sites (from =2 to
<9). Because there is some debate about whether or not
the presence of residual sites with BOP post-treatment
would be compatible with disease remission/control,
we conducted the analyses accepting in the endpoint: (i)
only residual sites without BOP (Figure 1a) or (i) with
and without BOP (Figure 1b). 25% of the population
harbored at most 2 residual sites (without BOP) with
PD=5 mm at 1 year post-treatment. This percentage
dropped to 15% when at most 3 residual sites (without
BOP) were considered, and no subjects had 8 or 9 sites
with PD=5 mm, all of them without BOP (Figure 1a).
These findings indicate that achieving a post-treatment
endpoint that accepts some remaining pockets provided
none of them bleed is an event of very low prevalence,
which hampers the feasibility of the endpoint. Data in
Figure 1b show that more patients achieved the dif-
ferent clinical thresholds (from 34% to 68%) when
residual sites with and without BOP were accepted in
the endpoint. The point of intersection between the two
curves was detected within the interval <4 and <5 sites
with PD25 mm, with 49% and 52% of the subjects,
respectively, achieving these clinical statuses (Figure
1b). Thus, these were considered optimal thresholds to
define an endpoint for treatment according to the treat-
to-target approach. A cut-off point that keeps around
50% of the population within the limits of a surrogate
is considered ideal. According to the cross-sectional data
of the National Health and Nutritional Examination
Survey (NHANES, 1988-2010) in the United States, the
overall presence of individuals with diabetes achieving
the target of HbAlc <7.0% after treatment was 52.5%
(Stark Casagrande ez /., 2013). This percentage increases
to 62-72% when considering the target HbAlc <8.0%,
but the odds of diabetes complications also increase,
meaning that more uncontrolled patients fall within the
target. Following this line of thought, we hypothesized
that accepting more than 5 sites with PD=5 mm would
increase the risk of not accurately distinguishing be-
tween petiodontal disease remission/control and disease
instability. Thus, we then compared the two endpoints
=4 and =<5 sites with PD=5 mm regarding patients’
stability from 1 to 2 years, and some advantage was
observed for the threshold <4 sites. 88% of the sub-
jects achieving this endpoint at 1 year stayed within the
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Table 1. Demographic and clinical characteristics of the population evaluated at baseline.

3y step? '€ Variable
condition (mean + SD) Treatment
(# of subjects) -
Study n Age
PD CAL BOP PD >5 SRP +
H D S ] ) SRP MTZ/MTZ
(mm) (mm) (% sites) (# sites) + AMX
German- A N N .
ABPARO 403 52.48+10.34" 403 0 135 3.46x0.75* 4.04+£0.94* 34.64x18.38* 26.83+20.01A 200 203
Fors.yth 187 48.37+10.41% 187 0 75 4.26+0.77% 4.18+1.24 53.57+24.29% 34.07+18.13% 9QQ* 95%*
Institute
Gugrulhps 134 48.37+9.56® 82 52 0 3.68+0.73¢ 4.28+0.95° 57.34+25.00° 30.16+19.13 47 87
University
Total/
724  50.65+10.41 672 52 210 3.71x0.82 4.12+1.03 43.74%23.67 29.31x19.60 339 385
average

This Table presents the results of 4 previously published clinical trials (Feres et al., 2012; Goodson et al., 2012;
Harks et al., 2015; Tamashiro et al., 2016).

Antibiotic protocols: the German-ABPARO (Harks et al., 2015) and Guarulhos University (Feres et al., 2012
and Tamashiro et al., 2016) studies used 500 mg AMX and 400 mg MTZ, thrice a day (TID), for 7 and 14 days,
respectively. The Forsyth study used AMX 500 mg , two times a day (BID), and MTZ 250 mg TID for 14 days.
From those subjects treated with adjunctive antibiotics, 347 took MTZ+AMX and 38 MTZ.

Mechanical treatments: All subjects received Scaling and Root Planing (SRP). The Forsyth Institute study in-
cluded the following adjunctive treatments: * 26 subjects received adjunctive local tetracycline fibers (LTC), 21
adjunctive surgeries (SURG) and 22 adjunctive LTC+SURG. ** 28 subjects received adjunctive LTC, 18 adjunc-
tive SURG and 26 adjunctive LTC and SURG.

* Different letters represent statistically significant differences among groups, ANOVA.

PD: Probing Depth; CAL: Clinical Attachment Level; BOP: Bleeding on Probing; SD: Standard Deviation; MTZ:
Metronidazole; AMX: Amoxicillin; H: Systemically healthy patients; D: Diabetic patients; S: Smokers

% of subjects 95% 97% 98% 100% 100% % of subjects
91% 80%
100% 85% ° ’ 68%
90%  75% 70%  66% 65%
60%
80% 59% 57%
b
60% 529% 52%
70%
50%
6% Not achievin,
50% € 40% 47%  49%
43%
L 41% 240%
40% -o-Achieving 30%
25% 34% 36%
30% ° “®-Achieving 32%
20%
o 15%
20% .
9% 10% Not achieving
10% e 3% 2% 0% % 0
0% 0%
<2 <3 <4 <5 <6 <7 <8 <9 <2 <3 <4 <5 <6 <7 <8 <9
a) Maximum number of sites with PD 25 mm post-treatment - without BoP b) Maximum number of sites with PD25 mm post-treatment

Figure 1. Percentage of subjects reaching or not several thresholds of residual sites (from <2 to <9
sites) post-treatment, a) without bleeding on probing or b) independently of bleeding on probing.
The population studied comprises 724 subjects with periodontitis stages 3 and 4 treated in different
studies (Feres et al., 2012; Goodson et al., 2012; Harks et al., 2015; Tamashiro et al., 2016).

endpoint at 2 years, as opposed to 83% of those achieving exhibit signs of disease remission/control? (i) Did
<5 sites. It is worth noting that stability was reduced from those who did not achieve the endpoint exhibit signs of
1 to 2 years in the lower thresholds. For instance, 79% and uncontrolled disease? (iif) Are these clinical characteristics
82% of the subjects presenting, respectively, <2 and <3 (disease remission/no-remission) maintained in the long
sites at 1 year, stayed at the endpoint at 2 years. term (from 1 to 2 years post-treatments)? Table 2 and

Next, we aimed to assess whether the proposed Figure 2 present the results of these analyses. Subjects
endpoint was a good “measuring stick” for post-treatment ~ who achieved the endpoint “<4 sites with PD=5 mm”
disease control/remission. Thus, we formulated the had fewer residual sites 25, 26 and = 7 mm at 1 year than

following questions: (i) Did those who achieve the endpoint those who did not achieve the endpoint. The group that
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Table 2. Mean = SD full-mouth clinical parameters between subjects who achieved or did not achieve the

clinical endpoint for treatment at T and 2 years post-treatment

Achieved the clinical endpoint for treatment

ime- (<4 sites with PD =5 mm)

Variable T’”7€ ANCOVA test

point Yes No

n=345 (47.7%) n=379 (52.3%)

1-year 2.35+£0.44 3.11 £ 0.55 0.000
PD (mm)

2-years 2.35+0.47 3.01 £ 0.65 0.000

1-year 3.14 £ 0.86 3.97 £ 0.93 0.000
CAL (mm)

2-years 3.22 +0.88 3.96 + 1.01 0.000

1-year 12.13 = 13.51 24.04 £ 16.73 0.000
% sites with BOP

2-years 11.98 £ 13.49 22.08 £ 17.66 0.000
Mean number of sites with

1-year 1.64 +1.47 14.74 = 10.08 0.000
PD =5 mm

2-years 2.29 + 2.88 13.69 +£12.13 0.000

1-year 0.44 =+ 0.76 6.55 + 6.80 0.000
PD =26 mm

2-years 0.80 £ 1.55 6.72 £ 8.22 0.000

1-year 0.12 £0.37 2.72 +4.04 0.000
PD =7 mm

2-years 0.26 = 0.80 2.89 +4.77 0.000

PD: Probing Depth; CAL: Clinical Attachment Level; BOP: Bleeding on Probing ; SD: Standard Deviation

a. 1om% b. 100
0% 0%
B0% 0%
iM% To%
i i, £ eon
3 % E 50
L. £ a0
0% 0%
g 3 20%
10% 1%
% %
D“:;":: I oy PDEE mm POET mm PO 28 mem PO e T-u'"n:'r:'r; PD 28 mm PO ET mim PDE8 mm PD 9 mm
—a— Achisving —o— Mot achiuving =8=Achleving =a=Nod achiaving
C. 100% '1'3-‘”?? d. 1o0%
0% S0
0% BI%
TO% %
§ oo s
* 40 ;:g: £ 4%
3% =g I
2% 2l 0%
0% iy g ER% 10%
0% n;f 0%
“""".‘;""x POZEmm  PD2Emm PD 27 men POZBEmm  PD 28 mm fﬂm PD2Smm  PD26mm PD 2T mm PDzBmm  PD 20 mm

=8= Achieving

s Mot achieving

=8= Achieving

== Mot achiewing

Figure 2. Number and percentage of subjects harboring at least 1(a), 2(b), 3(c), 4(d) site/sites with probing
depth 25mm, 26mm, 27mm, 28mm and >9mm among those individuals achieving or not achieving
the clinical endpoint for treatment (< 4 sites with probing depth = 5 mm) at 1 year post-treatment.



achieved the endpoint for treatment had an average of
1.64 sites with PD=5 mm at 1 year, compared with 14.74
sites in the other group. It is interesting to observe is that
the group that achieved the endpoint harbored almost no
residual sites =6 or =27mm at 1 year post-treatment (0.44
10.76 and 0.12%0.37, respectively), while the group that
did not achieve the endpoint still harbored several of these
deep pockets at 1 year (Table 2). Figure 2 shows that only
1.4% (n=5 patients) of the subjects achieving the endpoint
at 1 year still harbored two or more pockets =7 mm, as
opposed to 49% of those not achieving the endpoint
(n=187 patients). In addition, of the 345 individuals
achieving the endpoint at 1 year, only 37 (10.7%), 13
(3.8%) and 4 (1.2%) still harbored =1 site with PD 27, 8
or 9 mm, respectively. The numbers for the group that did
not achieve the endpoint (n1=379) were, respectively, 257
(67.8%), 172 (45.4%) and 92 (24.3%).

The traditional outcomes such as mean PD, mean CA
and full-mouth BOP were also lower in the group that
achieved the endpoint. Most importantly, all these sta-
tistically significant differences between the two groups
were maintained at 2 years post-treatment (Table 2).

We also examined the microbial profiles of subjects
from the Brazilian center. Subgingival biofilm samples
were evaluated for 40 bacterial species (Socransky ef
al., 1998) using Checkerboard DNA-DNA hybridiza-
tion (Figure 3). The group of individuals that achieved
the proposed endpoint maintained a microbial profile

Baseline

YES Actinomyces spp

1 year

YES
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compatible with health. Red complex pathogens com-
prised 4% and 6% of the 40 microorganisms evaluated
at 1 and 2 years, respectively, in this group compared
with 10% and 13%, respectively, in the group that did
not achieve the endpoint. This information is relevant,
because previous analyses have suggested attachment
instability when the red complex accounted for more
than 10% of the 40 bacterial species from the traditional
Checkerboard panel (Feres ez al., 2015). On the other
hand, the proportions of the host-compatible Actino-
myces species as well as Veillonella parvula and Actinomyces
odontolyticus from the “purple complex” were elevated in
subjects who reached the endpoint.

Taken together, these clinical and microbiological
data suggest that the proposed clinical endpoint is a
good “measuring stick” for determining disease re-
mission/control after the active phase of periodontal
treatment.

We then used logistic regression analysis to look at
parameters that could possibly have influenced patients’
response relative to achieving the endpoint at 1 and 2
years. The dependent variable for these analyses was
“achieving or not achieving the endpoint”. Extensive lo-
gistic regression models were fitted to the data according
to different parameters and thresholds (Supplementary
section). To evaluate any possible factors interfering with
a patient achieving or not achieving the endpoint at 1
year, the following categorical variables were selected:

2 years

YES

Figure 3. Subgingival microbial profiles of subjects who achieved (YES) or did not achieve (NO) the clinical
endpoint for treatment “< 4 sites with probing depth > 5 mm” at 1 year post-treatment. The population studied
comprises 134 subjects with periodontitis stages Il and 1V treated in two studies (Feres et al., 2012; Tamashiro et
al., 2016). Nine subgingival biofilm samples were taken from each subject at each time point and were analyzed
separately to determine their content of the 40 species described by Socransky et al. (1998). The grey color
represents species that did not fall into any complex. The significance of differences within each group over the
course of the study was assessed using Friedman and Dunn’s multiple comparison tests (different small letters
indicate significant differences, p<0.05). The significance of differences between groups at each time point was
determined using the Mann-Whitney U-test (different capital letters indicate significant differences, p < 0.05).
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full-mouth mean PD, number of sites with PD 25 mm,
BOP, plaque, age, gender, diabetes, smoking and study
center. The only factors that significantly interfered
with the chances of a patient achieving the endpoint at
1 year were: full-mouth mean PD, number of sites with
PD=5 mm at baseline and smoking. Thus, we stratified
the data according to different thresholds of sites with
PD=5 mm at baseline. Non-smokers presenting 15-30
sites with PD=5 mm at baseline had higher chances of
achieving the endpoint than smokers, with an OR=1.9
(Supplementary section).

To evaluate any possible parameters interfering with
a patient staying/achieving or entering/leaving the end-
point from 1 to 2 years, the logistic regression models
were repeated using the same variables previously de-
scribed but with different cutoffs for the quantitative
variables. The cutoffs were based on their quartiles at
1 year as well as on biological premises and the power
of the data (i.e. sample sizes in each clinical scenario
described in Supplementary Tables 3a and 3b). The
results are described in Table 3. Of those who did not
achieve the endpoint at 1 year, the presence of at most
8 residual sites with PD= 5 mm (from 5-8 sites) and low
levels of full-mouth BOP would increase the chances
of the subject achieving the endpoint at 2 years, with an
OR=6 for those presenting <10% of sites with BOP, and
OR=3.4 when 11-20% of the sites exhibited BOP. Of
those who achieved the endpoint (=4 sites with PD =5
mm) at 1 year, the presence of more than 10% of sites
with BOP increased the chances of leaving the endpoint
at 2 years, with an OR=3.5if 11-20% of the sites in the
mouth exhibited BOP, and OR=8.7 if more than 20%
of the sites still presented BOP after treatment (Table 3).

The logistic regression analysis did not show a trend
towards clinical improvements from 1 to 2 years for
patients presenting more than 8 sites with PD=5 mm.
This was in agreement with the findings of the risk as-
sessment study by Matuliene ez 2/ (2008) showing that
the presence of 29 sites with PD=5 mm post-treatment
contributed significantly to the increased risk of peri-
odontitis progression (Matuliene ez a/., 2008).

Summary of findings from the analyses
presented

*  The proposed clinical endpoint for treatment (<4
sites with PD 25 mm) was effective in distinguishing
between patients showing signs of post-treatment
petiodontal disease remission/control from those
showing signs of uncontrolled disease, at 1 and 2
years post-treatment.

*  The presence of >10% (especially >20%) of sites with
BOP at 1 year post-treatment increased the risk of a
patient leaving the clinical endpoint from 1-2 years.

*  The presence of at most 8 sites with PD=5 mm (from
5to 8) and < 20% (especially =10%) of sites with BOP
at 1 year post-treatment increased the chances of a
patient achieving the clinical endpoint from 1-2 years.

Discussion

Opver the years, the interpretation of clinical trials in peti-
odontology and the extrapolation of the findings from
these studies to clinical practice have been hampered
by the heterogeneity and subjectivity of the outcome
measutres used in different studies. Thus, despite the
existence of a plethora of RCTs and Systematic Reviews

Table 3. Results of the Logistic Regression Analysis evaluating the impact of different parameters* on the odds
ratio of a patient entering or leaving the endpoint from 1 to 2 years post-treatment. The only parameters show-
ing a statistically significant association with these clinical fluctuations were number of residual sites with PD

>5 mm and BOP.

Number of sites

, with o
Endpoint PD >5 mm at 1 BOP OR (95% Cl)
year
Did not achieve the = _ g sites BOP-2 years (< 10%) 6.0(2.3-16.1)  OR for entering the
endpoint at 1 year BOP-2 years (11 - 20%) 3.4(1.2-9.6) endpoint at 2 years
Achieved the endpoint < 4 sites BOP-2 years (11 - 20%) 3.5(1.4-8.4) OR for leaving the
at 1 year B BOP-2 years (>21%) 8.7 (3.7-20.1)  endpointat2 years

PD: Probing Depth; BOP: Bleeding on Probing; OR: Odds Ratio
* The independent variables used in the regressions were: # sites with PD=5 mm (5|—|8; =9), BOP (<10%;
11%|—|20%; 221%), plaque (<20%; 220%), Age (< 40; 41|—|50; 251), Gender (female, male), Smoking (yes,

no), Diabetes (yes, no), Center (Forsyth institute, Guarulhos University, German-ABPARO).



(SRs) comparing different periodontal therapies, it is still
difficult to determine the best periodontal treatment for
different clinical conditions. Difficulties associated with
the establishment of outcomes that reflect periodontal
health or disease remission/control bring even more
complexity to this equation. The 2017 World Workshop
on the Classification of Periodontal and Peri-implant
Diseases and Conditions (Caton ez a/., 2018) for the first
time provided a clear definition of periodontal health in
anintactand in a reduced periodontium. The parameters
established in the workshop for defining post-treatment
health (periodontal stability) were “<10% of sites BOP
and no sites with PD=4 mm and BOP” (Chapple ¢z 4/,
2018). While very low prevalence of BOP and absence
of bleeding residual pockets are undoubtedly effective
parameters for defining periodontal health after treatment
(Lang ez al., 1990; Joss et al, 1994; Claffey and Egelberg,
1995; Matuliene ¢# al., 2008; Matuliene ¢# a/., 2010; Salvi
et al., 2014; Graetz et al., 2017), the applicability of this
composite endpoint in RCTs may not be always feasible.
When applied to the 724 patients with periodontitis stages
IIT and 1V evaluated in the present study, less than 3%
of the patients reached both outcomes (“<10% of sites
BOP and no sites with PD=4 mm and BOP”).
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In one of the expert papers of Workgroup 1 of
the 2017 World Workshop, Lang & Bartold (Lang and
Bartold, 2018) stressed the need for defining clinical
endpoints for treatment that are capable of reflecting
disease remission/control, and differentiating between
cases of these patients and those who still present
high levels of inflammation and would be considered
unstable. The clinical endpoint suggested in this paper
is in line with this perception and is the first attempt
to validate a surrogate outcome in periodontology that
reflects disease remission/control after the active anti-
infective phase of periodontal treatment (Figure 4). In
addition, because the proposed outcome is suggested
as an endpoint for treatment at patient level and not a
mean change in full-mouth parameters, it is in line with
the treat-to-target concept that is already widely used
in medicine, but still incipient in dentistry. The analyses
provided in this paper indicate that the proposed
endpoint has good potential to be an objective measure
for RCTs, but caution should be taken while attempting
to extrapolate these results to clinical practice. It is
important to highlight that this endpoint is open-ended,
and it is clearly not the same to have 4 residual sites
with 5 mm or with 10 mm after the active phase of

Parameters associated with post-treatment
periodontal status

Stability Remission/control Instability
< 10% of sites
SO Mild level of High level of
No sites with inflammation inflammation
PD > 4 mm and
 BOP ? clinical endpoints?
 —— -
N LAl
stable case of ;
periodontal Case Wit unstable case-
some e
heaith remainin g it
(Chaple et al. , 8 periodontitis
2018) inflammation

Increased risk for future disease progression

Figure 4. lllustration representing the rationale for determining clear parameters that reflect post-treatment
disease remission or control. Criteria for periodontal health/stability after treatment have been recently
proposed (Chapple et al., 2018). However, achieving total resolution of inflammation is not always possible,
leading to the need of defining other criteria/endpoints that reflect disease remission/control with periodontal
stability (Lang and Bartold, 2018) and differentiates these cases from those with an unstable clinical situation.
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periodontal treatment. While the chances of a patient
that achieves the endpoint still has very deep sites (i.e.,
PD 27 or 28 mm) are quite low (Figure 2), this may
happen, and very deep pockets would require further
treatment. It is also important to bear in mind that deep
pockets at site/tooth level increase the risk of tooth
loss in the long term (Matuliene ez a/., 2008, Salvi ez al.,
2014, Graetz ef al., 2017). Therefore, to establish the
need for additional treatment in clinical practice, each
patient and each tooth should be evaluated individually
according to a number of criteria, such as the depth of
the pocket, the presence of furcation involvement, the
feasibility of reconstructive/regenerative treatments,
and the presence of risk factors, such as smoking
or diabetes. The clinician should bear in mind that
although the definition of disease remission/control is
not fully established, the fewer bleeding residual sites
post-treatment, the greater the chances of keeping
periodontal stability longitudinally (Chapple ez a/., 2018;
Lang and Bartold, 2018; Dietrich ez /., 2019).

Future robust risk assessment studies should be
conducted in order to establish if the endpoint “=4
sites with PD 25 mm” can reflect how a patient feels,
functions or survives, in other words, how it correlates
with periodontal stability, tooth survival or health-
related quality of life, in the long term. Nonetheless, it
is important to bear in mind that these associations have
never been established for the most traditional outcome
measures based on mean changes in PD or CAL. On
the other hand, although the proposed endpoint has
not yet been directly tested in risk assessment studies
of long periods of follow-up, the presence of multiple
sites with PD =5 mm post-treatment has already been
associated with future disease progression in a compre-
hensive risk assessment study (Matuliene ez /. 2008).
Moreover, Sharma et al. (2019) evaluated 14,568 dentate
patients and demonstrated almost linear associations
between a composite outcome (including the presence
of deep pockets, bone loss and BOP) and PROMs of
“discomfort”, “restricted eating” and “unhappiness with
appearance”. The authors also observed that patients
with alveolar bone loss, but no deep periodontal pockets
were less likely to report dental pain or restrictions in the
diet compared to patients with deep periodontal pock-
ets. Taken together, these data suggest that the present
endpoint, based on residual sites with PD=5mm, has
good potential to reflect direct benefits to the patient,
increasing its value as a parameter of choice for the
treat-to-target approach.

Conclusion

The endpoint for active periodontal treatment proposed
in this paper (=4 sites with PD =25 mm) seems to be
an effective measure for applying the treat-to-target
concept in periodontal trials. Clinical researchers are

encouraged to present results on this outcome as this
would allow for an objective comparison among stud-
ies and make it easier to conduct SRs. A global effort
to standardize the outcomes reported by all RCTs in
specific areas of health care is in course (Core Outcome
Measures in Effectiveness Trials, 2020) and the peri-
odontal field should follow such initiatives. Furthermore,
the information generated by the regression models
suggesting that the presence of >10% and, specially,
>20% of sites with BOP in the mouth may worsen the
periodontal clinical status between 1 and 2 years post-
treatment is also relevant. These findings indicate that
full-mouth BOP should be carefully monitored during
supportive periodontal maintenance. Researchers could
also consider using “<10% or <20% of bleeding sites”
post-treatment as clinical outcomes for BOP in RCTs. In
the future, the value of a composite endpoint including
“<4 sites with PD 25 mm” and these different thresh-
olds of BOP could be also explored.

Finally, researchers should investigate direct out-
comes, including PROMs, such as those suggested by
Sharma ez al. (2019), as well as other surrogates, such
as biological parameters (e.g. cytokines or metabolites).
These measures may be used as alternatives or in com-
bination with the endpoint proposed in this paper in
an attempt to establish effective composite outcomes.
Large risk assessment studies are necessary to determine
if these and other new endpoints being proposed for
periodontal treatment would reflect attachment stability,
tooth survival and good quality of life in the long term.
The combination of large data sets may be the easiest
and fastest way to conduct such analyses.
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