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Abstract  35 

Background. Gingivitis and periodontitis are prevalent inflammatory diseases of the periodontal 36 

tissues. Current treatments are often ineffective or do not prevent disease recurrence. 37 

Uncontrolled complement activation and resulting chronic gingival inflammation is a hallmark of 38 

periodontal diseases. We determined efficacy and safety of a complement 3-targeted therapeutic, 39 

AMY-101, locally administered in adults with periodontal inflammation.    40 

Methods. Thirty-two patients with gingival inflammation were enrolled into a randomized, 41 

placebo-controlled, double-blind, split-mouth design phase 2a trial, after dose-escalation study to 42 

select safe and effective dose with additional 8 patients.  Half of the mouth was randomly assigned 43 

to AMY-101 (0.1mg/site) or placebo injections at sites of inflammation, administered on days 0, 7 44 

and 14 and evaluated for safety and efficacy outcomes at days 28, 60 and 90. The primary efficacy 45 

outcome was change in gingival inflammation, measured by modified gingival index (MGI), and 46 

secondary outcomes included changes in bleeding-on-probing (BOP), amount of plaque, pocket 47 

depth, clinical attachment level, and gingival crevicular fluid levels of matrix metalloproteinases 48 

(MMPs) over 90 days.  49 

Results. A once-per-week intragingival injection of AMY-101 for 3 weeks was safe and well-50 

tolerated in all participants resulting in significant (P<0.001) reductions in clinical indices 51 

measuring gingival inflammation (MGI and BOP).  AMY-101 significantly (P<0.05) reduced MMP-52 

8 and MMP-9 levels, indicators of inflammatory tissue destruction. These therapeutic effects 53 

persisted for at least 3 months post-treatment. 54 

Conclusion. AMY-101 causes significant and sustainable reduction in gingival inflammation 55 

without adverse events and merits further investigation for the treatment of periodontitis and other 56 

oral or peri-implant inflammatory conditions. 57 
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Introduction 68 

Periodontitis is a microbiome-driven chronic inflammatory disease of the tooth-supporting 69 

tissues, i.e., the gingiva, periodontal ligament, cementum and alveolar bone (1). Almost 50% of 70 

the global adult population is affected by periodontitis with approximately 10% inflicted by severe 71 

disease (2,3). Severe periodontitis is the 6th most prevalent disorder worldwide (4) and is 72 

associated with increased risk of systemic comorbidities (e.g., cardiovascular disease, 73 

rheumatoid arthritis, and Alzheimer’s disease) (5,6). If not properly treated, periodontitis may 74 

lead to tooth loss, impaired mastication and poorer esthetics and quality of life (7-9). Current 75 

standard-of-care periodontal therapy is often ineffective, particularly in highly susceptible 76 

patients, or does not prevent disease recurrence; hence periodontitis remains a serious public 77 

health and economic burden (8,10). In 2018, the total cost (direct and indirect due to productivity 78 

losses) of periodontal disease in the United States and Europe was estimated to be $154.06 79 

billion and €158.64 billion, respectively (11).  80 

Periodontitis is often preceded by gingivitis, a relatively mild and reversible form of 81 

periodontal disease, in which inflammation is confined within the gingival epithelium and the 82 

underlying connective tissue, without involving the underlying bone (1). However, despite daily 83 

self-performed removal of the microbial biofilm (‘dental plaque’) and periodic professional dental 84 

care, gingivitis often persists as a chronic condition that constitutes a constant risk for 85 

periodontitis.  86 

Although the microbial biofilm is necessary, it is not sufficient by itself to cause gingivitis 87 

or periodontitis, where tissue destruction is mediated predominantly by an overexuberant 88 

inflammatory response to the microbial challenge (12). Host modulation, the intentional 89 

alteration of the host response as an adjunctive therapy for periodontal diseases, may not only 90 

contribute to the management of gingivitis and periodontitis but may also mitigate the risk of 91 

periodontitis-associated systemic comorbidities (13,14). Although, there have been several 92 

attempts to develop and use host-modulation therapies in the treatment of periodontal diseases 93 

(15), the concept of host-modulation therapy in the clinical management of periodontal diseases 94 

has still remained underdeveloped and underutilized with limited number of safe and approved 95 

therapeutics.  96 

The complement system is a central hub of innate immunity responsible for the induction 97 

and regulation of immune and inflammatory responses (16); Yet, its dysregulation or 98 

overactivation can drive pathological inflammation (17). In this context, gingival inflammation in 99 

patients with periodontitis is associated with enhanced complement activity (18-20), whereas 100 

mice lacking the central complement component C3, or the receptor for the complement 101 
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anaphylatoxin C3a, are protected from gingival inflammation and alveolar bone loss (21-23). 102 

Consistently, local pharmacological inhibition of C3 by AMY-101, a C3-targeted peptidic drug 103 

candidate based on the 3rd-generation compstatin analog Cp40 (24,25), inhibited periodontitis 104 

in non-human primates (NHP) in both a preventive and therapeutic setting (22,26,27). 105 

Importantly, the clinical host-modulatory effects of locally administered AMY-101 in non-human 106 

primates with naturally occurring periodontitis persisted for at least six weeks after treatment 107 

completion (26).  108 

The aforementioned preclinical study results (21,22,26,27), in conjunction with the 109 

enhanced inhibitory potency and favorable pharmacologic and safety profile of AMY-101 (24), 110 

have provided strong rationale and support for the suitability of C3 as a treatment target and of 111 

AMY-101 as a potential therapeutic for human periodontal diseases. Of note, the PEGylated 112 

second-generation compstatin derivative pegcetacoplan (Empaveli, Apellis), was recently 113 

approved by the FDA as a novel therapy for the rare hematologic disorder paroxysmal nocturnal 114 

hemoglobinuria (28), validating the broad activity profile and safety of C3 inhibitors in the clinic 115 

(29). Here, we performed a first-in-human phase 2a randomized, placebo-controlled, double-116 

blind trial, to evaluate the safety and efficacy of locally delivered AMY-101 in patients with 117 

periodontal inflammation.  118 

 119 

 120 
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Results 136 

Subject population, dose selection phase and interim analysis  137 

A total of 98 individuals were screened for study inclusion between July 2019 and Aug 2020. The 138 

first 12 subjects, who were found eligible, were randomly assigned into escalating-dose groups: 139 

Dose group 1, 0.025 mg/interdental papilla (4 subjects); dose group 2, 0.5 mg/interdental papilla 140 

(4 subjects); and dose group 3, 0.1 mg/interdental papilla (4 subjects) to determine the safe and 141 

effective dose in humans (dose selection phase) (Figure 1) (see Supplementary Materials for 142 

details on the study design). Based on the safety and interim efficacy analysis of primary outcome 143 

measure (the modified gingival index; MGI), the dose of 0.1 mg/interdental papilla was chosen for 144 

the main study (P=0.08 at day 28 compared to placebo). Therefore, the remaining 28 subjects, 145 

who were found eligible after screening, were enrolled in this dose group and included in the 146 

efficacy population (i.e., total of 32 subjects). The subjects in the other two dose groups (n=8) 147 

were monitored through day 90 similar to the main study subjects and were included in the safety 148 

population. 149 

 150 

Safety and efficacy populations: Demographics and baseline characteristics  151 

As alluded to above, all randomized subjects who received study treatments regardless of dose 152 

of AMY-101 (40 subjects) were included in the safety population. All participants who received 153 

AMY-101 at the dose of 0.1 mg/interdental papilla and completed at least one post-baseline visit 154 

with efficacy measurements were included in the efficacy population. One subject was terminated 155 

due to protocol compliance violation before day 21 (an efficacy endpoint time point) and replaced 156 

per protocol (Figure 1). In the safety and efficacy populations, 39 (97.5%) and 31 (96.9%) 157 

subjects, respectively, were included in the analyses.  158 

Baseline demographics for the safety population are shown in Table 1. The demographics 159 

of the study population were representative of people living in greater Boston and Cambridge, 160 

MA. The mean age of the safety population was 42 years with a standard deviation of 12.4 years 161 

(Median: 39.5; min: 22 and max: 63). Although, this was a cross-sectional study and enrollment 162 

was based on the level of gingival inflammation (determined by MGI and BOP) and other inclusion 163 

criteria, both sexes were equally represented in the study (50%). The diversity of the recruited 164 

subjects was representative of the overall population with 65% being White, 20% Black or African 165 

American and 5% Asian, while the majority was not Hispanic or Latino (80.0%). The subject 166 

population was comprised of medically healthy people with no condition reported (35%) and of 167 

those with a stable condition, such as hypertension, hypercholesterolemia, hypothyroidism, 168 

allergies, arthralgia, headache and asthma (65%). No subject with medical condition or 169 
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medication use known to affect periodontal disease was included (exclusion criteria). The mean 170 

body mass index for the population was 31.9 (min: 21.9; max: 42.2).  171 

Baseline disease characteristics of the efficacy population per treatment site are shown in 172 

Table 2. Right and left sides of the mouth of 32 patients were randomly assigned to receive AMY-173 

101 (0.1 mg/interdental papilla) or placebo (saline) injections (25 l/injection site) in a split-mouth 174 

design. The treatment sides were similar with regard to baseline outcome measures MGI, BOP%, 175 

PI, PD and CAL with no significant differences. The mean MGI score and %BOP for AMY-101-176 

treated quadrants were 2.3 ± 0.17 and 56 ± 9%, respectively, compared to placebo-treated sites 177 

(2.3 ± 0.16 and 55 ± 10%). The subject retention and therefore compliance was high (93.8%) with 178 

only 1 subject not completing the day-90 visit. 179 

 180 

AMY-101 significantly reduces gingival inflammation in humans  181 

The primary efficacy endpoint of gingival inflammation, assessed by MGI at 6 sites per tooth 182 

(interproximal sites, facial and lingual/palatal sites), was significantly reduced by AMY-101 at day 183 

28 compared to sites treated with placebo (LS means difference -0.181 ± 0.034, 95% CI: -0.248, 184 

-0.114, P<0.001). The mean reduction from baseline in AMY-101-treated sites was -0.29 ± 0.026 185 

with a 95% CI of -0.336, -0.234, whereas in placebo-treated sites the corresponding value was -186 

0.10 ± 0.021 with a 95% CI of -0.147, -0.062. Reduction in primary outcome, MGI, was 187 

significantly greater after AMY-101 therapy than after placebo at day 28 (LS mean: -0.29 vs -0.10, 188 

respectively; LS mean difference: -0.181; P<0.001) (Supplementary Table 2). Most importantly, 189 

AMY-101 delivered through 3 weekly injections (days 0, 7 and 14) greatly reduced gingival 190 

inflammation (MGI) at all time points starting as early as day 21 and maintained a continuous 191 

significant difference over 90 days compared to placebo-treated sites (P<0.001, at all-time points) 192 

(Figure 2, Supplementary Table 3). The result of sensitivity analysis was consistent with the 193 

primary analysis result.  194 

Bleeding on probing, a key secondary endpoint closely related to the primary endpoint MGI, 195 

was also greatly reduced at all time points (days 21, 28, 60 and 90) compared to placebo 196 

(P<0.001). The mean reduction from baseline in BOP in AMY-101-treated sites was the greatest 197 

at day 28 (-25% ± -0.07 with a 95% CI of -0.296, -0.204), whereas in the placebo-treated sites 198 

the corresponding value was -7% ± 1.5 with a 95% CI of -0.103, -0.044 (Figure 3, Supplementary 199 

Table 4).   200 

Individual (subject) responses to AMY-101 treatment were also assessed through plotting 201 

the changes in MGI and BOP on both day 28 and day 90 compared to placebo treatment (Figure 202 

4).  Individual mean changes from baseline with 95% confidence intervals were greater in 203 
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AMY101-treated sites compared to placebo-treated sites (P<0.0001, unpaired two-tailed 204 

Student’s t test). 205 

Differences between AMY-101 and placebo treatments in the secondary efficacy endpoints, 206 

plaque index (PI), pocket depth (PD), and clinical attachment level (CAL) were also evaluated.  207 

The amount of plaque was only slightly reduced throughout the study in both AMY-101-treated 208 

and placebo-treated sites (up to -6.2% in AMY-101 and up to -4.5% in placebo), suggesting that 209 

the reduction seen in gingival inflammation was not due to plaque control but rather due to 210 

modulation of the host-mediated inflammatory response by AMY-101 treatment. Moreover, since 211 

only a small number of patients exhibited periodontal pockets >4 mm and CAL >3 mm, the 212 

changes in the mean PD and CAL did not differ greatly from baseline by treatments (P<0.05). A 213 

sub-analysis of sites with periodontitis (PD ≥5 mm) showed a continuous trend in PD reduction in 214 

the AMY-101-treated sites (-0.5 ± 0.79 mm, 95% CI of 0.8, 0.3 at day 90 compared to -0.4 ± 0.7 215 

mm, 95% CI of 0.6, 0.2, in placebo-treated sites) with a P value of 0.162, supporting a further 216 

study of AMY-101 in the treatment of periodontitis as adjunct to mechanical periodontal treatment 217 

in well-powered studies.   218 

 219 

AMY-101 significantly reduces pro-inflammatory matrix metalloproteinase (MMP-8 and 220 

MMP-9) levels in the GCF 221 

Matrix metalloproteinases MMP-8 and MMP-9 are key proteases associated with periodontal 222 

tissue destruction; moreover, they are abundantly found in the inflamed gingival tissue and are 223 

considered as promising biomarkers for periodontitis (30-32). We therefore determined whether 224 

the GCF concentrations of MMP-8 and MMP-9 were suppressed in sites treated with AMY-101 225 

as compared to placebo (saline) control-treated sites. To this end, GCF was collected at 2 226 

interproximal sites (one maxillary and one mandibular) with highest gingival inflammation 227 

measured by MGI in each of the two sides of the mouth (AMY-101- and placebo-treated). No 228 

statistically significant differences were detected in the baseline GCF levels of MMPs between 229 

the AMY-101- and placebo-treated sites (MMP-8: 54 ± 6.1 pg/ml [AMY-101] vs.  58 ± 6.9 pg/ml 230 

[placebo] P>0.05; MMP-9: 111 ± 9.1 pg/ml [AMY-101] vs.  105 ± 9.0 pg/ml [placebo] P>0.05). 231 

However, in contrast to placebo treatment, AMY-101 treatment resulted in significantly decreased 232 

MMP-8 levels over time, specifically at day 60 (P<0.01) and at day 90 (P<0.05) as compared to 233 

baseline (Figure 5A). Moreover, the GCF concentration of MMP-8 in AMY-101-treated sites at 234 

day 28 was significantly different from that in placebo-treated sites at the same time point (P<0.05; 235 

Figure 5A). AMY-101 treatment (but not treatment with placebo) also resulted in significantly 236 

decreased MMP-9 levels at all time points tested (except for day 21) as compared to baseline 237 
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(P<0.01 at day 28; P<0.001 at day 60 and 90; Figure 5B). Moreover, the GCF levels of MMP-9 238 

in AMY101-treated sites at both day 28 and day 90 were significantly different from those in 239 

placebo-treated sites at the same time points (P<0.05; Figure 5B). These data show that local 240 

treatment with AMY-101 can reduce the GCF levels of MMPs involved in periodontal tissue 241 

destruction. 242 

 243 

AMY-101 is safe and tolerated well by the study participants 244 

There were no deaths reported during the study. One subject with prior history of alcohol 245 

dependency experienced non-study drug-related serious adverse event of alcohol withdrawal 246 

syndrome, which was diagnosed based on a sequence of other non-serious treatment emergent 247 

adverse events (TEAEs) of nausea, vomiting, increased heart rate, tremor, hyperhidrosis, and 248 

hypertension and discontinued from the study.  249 

A total of 54 adverse events were reported in 22 subjects of the safety population during the 250 

course of the study that includes the dose escalation phase (Table 3).  All TEAEs were mild or 251 

moderate in severity and resolved without sequelae. No drug-related serious adverse or 252 

treatment-emergent adverse events leading to discontinuation were reported during study. The 253 

reported drug-unrelated TEAEs by preferred term included systolic blood pressure increase (3 254 

subjects), arthralgia (2 subjects), thermal burn (2 subjects), fatigue (2 subjects), vomiting (2 255 

subjects), and hypersensitive teeth to cold (2 subjects).  The only related TEAEs, lymph node 256 

pain, gingival erythema and edema were reported for the same subject and related to the same 257 

event. 258 

No subject had Grade 2 or more ulceration or erythema during oral/dental examination. 259 

Except for one subject who was noted with Grade 2 edema at the injection site in buccal aspect 260 

of left mandible on days 21 and 28, none of the subjects who received AMY-101/placebo had 261 

Grade 2 or more injection site reactions (Table 3, Supplementary Table 5). No subject reported 262 

pain/discomfort, gingival bleeding, or irritation after injections, except the same subject with Grade 263 

2 edema mentioned above. This reaction which reported after the last injection on Day 14 was 264 

transient and resolved without concomitant treatment.  No clinically important abnormal laboratory 265 

values of liver enzymes were reported during the study. Further, the exploratory analysis of anti-266 

drug antibodies in plasma indicated that AMY-101 did not induce the generation of AMY-101-267 

specific antibodies in any of the patients that received the drug. 268 

None of the subjects treated with AMY-101 were noted with development or progression 269 

of gingivitis or existing periodontitis (≥3 mm increase in mean PD or CAL from baseline or ≥3 mm 270 

increase in mean PD from baseline in at least 3 sites). One subject on day 28 and three subjects 271 



9 
 

on day 90 had progression of gingivitis in placebo-treated sites, while no subjects had progression 272 

of periodontitis.  273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 
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 288 

 289 

 290 

 291 

 292 
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 298 
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Discussion   299 

This Phase 2a randomized controlled clinical trial evaluated the safety and efficacy of the novel 300 

C3-targeted inhibitor, AMY-101, in patients with existing gingivitis. Consistent with proof-of-301 

concept studies of C3 inhibition in preclinical models of periodontitis (22,26,27), AMY-101, locally 302 

delivered to the periodontal tissues, significantly dampened gingival inflammation, as evidenced 303 

by clinically meaningful reductions in indices related to inflammation (Gingival Index and Bleeding-304 

on-Probing) in a split-mouth design in human subjects. The drug exerted a pronounced and 305 

sustainable resolution of gingival inflammation that was evident at least 3 months following the 306 

initiation of treatment. Consistent with the clinical findings, AMY-101 treatment also resulted in 307 

significant reduction of the GCF levels of MMPs (MMP-8 and MMP-9) associated with 308 

inflammatory tissue destruction in periodontitis.  309 

AMY-101 is a cyclic C3-inhibitory peptide based on the third-generation compstatin 310 

analogue Cp40 which has been shown to exert effective and sustained C3 inhibition in many 311 

preclinical disease models, where C3 dysregulation or overactivation plays a pathogenic role (24). 312 

AMY-101 and earlier compstatin analogues (such as the recently FDA-approved C3 inhibitor 313 

Empaveli) bind C3 and block its cleavage by C3 convertases into the active fragments, C3a and 314 

C3b (33). AMY-101 exhibits superior pharmacologic properties in terms of binding affinity for C3 315 

(KD = 0.5 nM; 6,000-fold higher vs. original compstatin), enhanced inhibitory potency and half-life 316 

in the human plasma (>60 h) exceeding that of most peptidic drugs (24). By protecting the C3 317 

substrate rather than interfering with a specific C3 convertase, AMY-101 can block the 318 

propagation and amplification of the complement cascade (including the generation of the 319 

proinflammatory effectors C3a and C5a), regardless of the mechanism (classical, lectin or 320 

alternative) of complement triggering (24). Importantly, the complement activation products C3a 321 

and C5a mediate complement cross-talk signaling with innate and adaptive immune cells, leading 322 

to amplification of the host inflammatory response (34,35). C3, therefore, appears to be an ideal 323 

target for therapeutic modulation of not only complement itself but also of downstream 324 

inflammatory pathways that are involved in periodontal disease pathogenesis (36,37). These 325 

considerations explain why the blockade of a single complement molecule, C3, exerted such a 326 

pronounced and prolonged clinical therapeutic effect in a complex immune-driven disease in the 327 

present trial.  328 

While gingivitis can be resolved, at least in principle, with meticulous personal oral hygiene 329 

accompanied by professional plaque removal, in susceptible individuals prolonged and 330 

unresolved gingivitis may eventually lead to periodontitis with alveolar bone destruction (38). In 331 

addition to strong independent contributors to increased susceptibility (e.g., smoking, diabetes 332 
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mellitus, metabolic syndrome and obesity), certain demographic characteristics, such as, age, 333 

gender, ethnicity, and socioeconomic status further influence the severity and prevalence of 334 

periodontitis (39). Severe periodontitis, especially in the third and fourth decades of life, results in 335 

a global prevalence of 10-15% and is the major cause of tooth loss in adults (4,40). Accumulating 336 

evidence from epidemiological, clinical intervention, and preclinical mechanistic studies indicates 337 

that periodontitis (as well as tooth loss), can be linked to systemic diseases and other conditions 338 

affecting general health (5,6). Therefore, prevention and timely and effective periodontal 339 

treatment are important for overall health (6,8,41). This phase 2b clinical trial is the first human 340 

study to evaluate the therapeutic opportunity provided by C3 blockade as a novel approach to 341 

treat gingival inflammation and prevent progression to a destructive form of the disease. 342 

As a bacterially induced host response-mediated disease, periodontitis is currently being 343 

treated with mechanical treatments targeting the removal of the bacterial biofilm (‘dental plaque’) 344 

and with adjunctive chemotherapeutic agents (42,43). Due to the continuous accumulation of the 345 

microbial biofilm at the gingiva-tooth interface and eventual re-emergence of the periodontal 346 

pathogens (44), these mechanical/anti-bacterial approaches alone have limited success in 347 

treating this host-mediated inflammatory disease. Thus, disease recurrence or progression to 348 

more advanced forms in susceptible individuals is an important clinical concern, thereby 349 

necessitating new and improved treatments.  To this end, efficacious and sustainable host-350 

modulating therapeutic interventions without substantial side-effects are needed as adjunctive 351 

treatments (13), and AMY-101 appears to have the potential to fulfil these requirements.  352 

Indeed, the results of this clinical trial, for the first time, provide evidence that AMY-101 is a 353 

promising host-modulatory therapy for the treatment of inflammatory periodontal diseases.  AMY-354 

101 delivered to the site of inflammation in well-tolerated doses by 3 weekly injections caused 355 

significant reduction in gingival inflammation as early as 21 days after the first treatment, 356 

achieving continuous control of inflammation for at least 90 days. A smaller number of doses may 357 

also be effective (and this will be determined in future trials), given that a less frequent local 358 

administration of AMY-101 (two doses only given 3 weeks apart) resulted in long-term 359 

improvement of clinical periodontal indices in naturally occurring NHP periodontitis (26). The 360 

improvement from baseline in both MGI and BOP were significantly greater in AMY-101-treated 361 

sites as compared to placebo-treated sites in the same individual. The ‘split-mouth’ design 362 

allowed for eliminating any confounding factors that may influence the observed outcomes among 363 

different individuals, thereby revealing the actual drug-induced response on key clinical indices of 364 

gingival inflammation.  Safety was assessed using transient emerging adverse events over the 365 

course of the trial.  No adverse safety signals were noted throughout the trial.  The only potentially 366 
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related events seen at the site of injection in one participant were transient erythema and edema 367 

following the final injection (day 14) that resolved within couple of days without any treatment.  368 

Prolonged systemic C3 inhibition with Empaveli in phase 3 trials did not compromise 369 

pathogen immune surveillance (i.e., no meningococcal infections were recorded), supporting a 370 

good safety profile of compstatins in the clinical setting (45). Nevertheless, similarly to 371 

eculizumab, Empaveli was approved for paroxysmal nocturnal hemoglobinuria (PNH) with a risk 372 

evaluation and mitigation strategy in place that requires that patients are closely monitored during 373 

treatment to ensure effective mitigation of the risk of bacterial infection (46). However, in the 374 

context of periodontal disease, potential safety issues are further minimized not only because the 375 

treatment is local but also the injected amount of AMY-101 is considerably smaller than that used 376 

in systemic administration protocols, thus precluding any considerable drug exposure in 377 

circulation (47). Moreover, complement inhibition in preclinical models of periodontitis restrains 378 

rather than favors the expansion and persistence of periodontal pathogens (47).  379 

A secondary efficacy endpoint, PI, assessed the potential changes in the amount of dental 380 

plaque at the gingival margin during the study. Although minor and non-significant reductions in 381 

PI were observed in both treatment groups (AMY-101- vs. placebo- treated sites) compared to 382 

baseline, no substantial differences were found between the treatment groups. These findings 383 

suggest that the reduction of gingival inflammation in AMY-101-treated sites was not associated 384 

with reduced amount of dental plaque biofilm but was rather due to modulation of the host-385 

mediated inflammatory response by the drug. Consistent with this notion, experimental 386 

periodontitis studies in mice have shown that destructive periodontal inflammation is not 387 

necessarily caused by a global reduction in microbial biomass but rather by specific alterations in 388 

the composition of the microbial community (36). 389 

Although the majority of study participants had gingivitis based on the main inclusion 390 

criterion (gingival inflammation, confirmed by the MGI and BOP% scores), the study population 391 

also included a few participants with localized periodontitis as evidenced by PD >4 mm and 392 

interproximal CAL >3 mm. The mean changes in PD and CAL were not statistically different 393 

between sites treated with AMY-101 or placebo; however, there was a trend in having slightly 394 

greater PD reductions in AMY-101-treated sites compared to placebo-treated sites. This study 395 

was not powered to detect any statistically significant differences in PD or CAL, thus further 396 

studies are warranted to investigate the impact of AMY-101 on pocket reduction and clinical 397 

attachment gain in moderate-to-severe periodontitis. Although in the current phase 2a trial AMY-398 

101 was used as a stand-alone treatment, this C3-targeted drug is ultimately intended for use as 399 

an adjunct to mechanical debridement (‘scaling and root planing’) that could facilitate an 400 
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enhanced and sustainable host-response to mechanical treatment and improve the clinical 401 

outcomes. Specific to this trial, the standard of care for gingivitis is routine oral hygiene with twice 402 

daily tooth brushing and professional dental prophylaxis at least once a year.  Therefore, subjects 403 

in this study received AMY101 and placebo in a split-mouth design in addition to (as an adjunct 404 

to) regular daily oral hygiene.   405 

Another secondary endpoint, the levels of MMPs in the GCF, was also supportive of the 406 

primary endpoint, gingival inflammation. Indeed, the GCF levels of MMP-8 and MMP-9 were 407 

reduced in AMY-101-treated sites, but not in placebo-treated sites, as compared to baseline 408 

values. The MMPs are involved in different stages of collagen remodeling and are considered to 409 

play an important role during tissue remodeling and extracellular matrix degradation. MMP-8 and 410 

MMP-9 represent the main collagenase and gelatinase, respectively, in the GCF of patients with 411 

adult periodontitis and are strongly associated with tissue breakdown in periodontitis and (30,48). 412 

Particularly, MMP-8, used in point-of-care testing, is considered to be a biomarker for periodontitis 413 

based on studies that showed that this metalloproteinase is highly predictive of severe 414 

periodontitis and can discriminate between periodontal health and disease (31,49-52). The 415 

significant reductions in MMP-8 and MMP-9 therefore suggest that AMY-101 treatment may act 416 

as a modulatory therapeutic agent that could offer promising benefits for the treatment of 417 

advanced periodontal disease. 418 

This first in human gingivitis study presents some limitations too. First, the study inclusion 419 

was based on the level of gingival inflammation, not on the severity of periodontal disease as 420 

presented by pocket depth and alveolar bone loss. Thus, the results of this study should be 421 

interpreted cautiously for periodontitis.  However, the significant reductions seen in the gingival 422 

index, an outcome measure where it has been challenging to achieve significant favorable 423 

differences, clearly outweigh the limitations and provide ample evidence for AMY-101 as a 424 

promising therapeutic for the treatment of inflammatory periodontal diseases. Future studies could 425 

expand on these observations examining further improvements in drug dosage, or frequency of 426 

injection and route of administration. 427 

Taken together, the results of this Phase 2a clinical trial in patients with gingival inflammation 428 

provide strong evidence that locally delivered C3 inhibition with the compstatin-based drug 429 

candidate AMY-101 can elicit potent and durable anti-inflammatory effects in humans. Thus, C3-430 

targeted complement intervention may serve as a novel host-modulatory therapeutic approach 431 

for the treatment of oral inflammatory diseases including periodontal and perhaps peri-implant 432 

diseases, where complement has also been implicated (47,53,54). Other indications considered 433 

for therapeutic interventions using AMY-101 (via systemic administration) include hematopoietic 434 
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stem cell transplantation-associated thrombotic microangiopathy, complications of ABO-435 

incompatible kidney transplantation, hemodialysis-induced inflammation (24) as well as severe 436 

COVID-19, in which AMY-101 has already been tested in an exploratory study with promising 437 

results (55). The safety profile of the complement C3 inhibitor, AMY-101, and its capacity to cause 438 

pronounced and sustainable reduction of gingival inflammation is likely to enhance clinical 439 

outcomes beyond those achieved via conventional periodontal treatment, thus warranting further 440 

investigation in phase 3 clinical trials. 441 

 442 
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Methods    463 

Study design and randomization 464 

This Phase 2a study included a dose selection phase (see details under ‘Route of administration 465 

and dose selection’) with escalating dose groups (3 dose groups, each consisting of 4 patients, 466 

i.e., 12 patients in total) and a subsequent main study phase testing AMY-101 in the selected 467 

dose compared to placebo per estimated sample size. The main study phase comprised the test 468 

(AMY-101) and placebo groups in a randomized, double-blind, split-mouth design. After 469 

screening, qualified participants were enrolled in the study and received baseline evaluations 470 

within 30 days of screening. Treatment sites comprised of one maxillary and one mandibular 471 

quadrant were randomized into treatment groups as “Right” and “Left” of the mouth using a 472 

permuted block randomization schedule. The randomization sequence was generated by the 473 

study biostatistician with a random number generator. The randomization scheme was kept in the 474 

sole possession of the unblinded study staff who was responsible for randomizing the treatment 475 

sites within each participant, preparing and providing masked study products to blinded study 476 

clinician for injections and keeping the study product inventories throughout the study. 477 

 478 

Participant selection, enrollment and compliance assessment 479 

Participants were recruited from the volunteer pool at the Forsyth Institute Center for Clinical and 480 

Translational Research (CCTR) between July 2019 and October 2020 with a pause between 481 

March 12, 2020 and May 26, 2020 in new subject enrollment due to pandemic-related restrictions 482 

in the City of Cambridge and State of Massachusetts per CDC recommendations. Study 483 

participants (total of 39), aged 18 through 65 years, were generally healthy adults with at least 20 484 

natural teeth and diagnosed with gingivitis/periodontitis presenting generalized gingival 485 

inflammation as defined by modified gingival index (MGI) ≥ 2.0 and ≥40% of sites with bleeding 486 

on probing. The treatment sites in each participant were randomly assigned to receive AMY-101 487 

at 0.1 mg/injection site in a 25 µl of water for injection and saline solution (placebo) in a 1:1 488 

randomization scheme. The sample size calculations were performed and the group size of 30 489 

was found to allow for a statistical difference at P>0.05 and 80% power with an assumption of 490 

10% dropout rate. Subjects in all groups were instructed to maintain their regular brushing habits 491 

with twice daily brushing.   492 

Those with current medical conditions or on medications known to affect periodontal tissues 493 

or interfere with any of the study outcomes were excluded. In addition, individuals with orthodontic 494 

appliances, pregnant and nursing women, and current or former cigarette smokers within 1 year 495 

of enrollment (including e-cigarette and recreational cannabis use) were excluded due to potential 496 
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confounding effects on study outcomes. Further, participants who received periodontal therapy, 497 

except regular hygiene recall within a year, received systemic antibiotic therapy or used anti-498 

inflammatory drugs more than 3 times a week within 30 days of study initiation, were not included 499 

as potential confounders on efficacy outcomes.  500 

After baseline, participants were seen on days 7 and 14 for repeated treatments and safety 501 

evaluations and at days 21, 28, 60 and 90 for safety, compliance and efficacy measurements. A 502 

follow-up phone call on the next day of each treatment visit on days 0, 7 and 14 was also 503 

performed for safety evaluation. Protocol compliance was assessed at all follow-up study visits 504 

by exclusive interviewing of the participant regarding oral hygiene practices, dental or medical 505 

treatments received, and concomitant medication or other oral hygiene aids used. Deviations 506 

were recorded, if any, and participants were reinstructed, if needed.   507 

 508 

Outcome measures 509 

Clinical efficacy and safety endpoints were selected to determine the impact of AMY-101 on 510 

gingival inflammation and to assess its safety level. 511 

Efficacy endpoints: Primary efficacy endpoint, modified gingival index (MGI) (56), and a 512 

secondary endpoint, bleeding on probing (BOP (57), were used as indices of gingival 513 

inflammation and evaluated at baseline and all monitoring visits (days 21, 28, 60 and 90). Plaque 514 

index (PI) (58), assessing the amount of plaque on tooth surfaces, pocket depth (PD) and clinical 515 

attachment level (CAL) were measured as additional secondary efficacy endpoints at all 516 

monitoring visits.  Moreover, the levels of MMP-8 and MMP-9 in the gingival crevicular fluid (GCF) 517 

were measured at baseline and at all post-treatment time points.  GCF samples were collected at 518 

two sites per quadrant with the highest MGI score using sterile PerioPaper strips (OraFlow, Inc.) 519 

for 30 seconds, snap-frozen in liquid nitrogen and stored at -80°C until analysis.  On the day of 520 

analysis, the frozen GCF samples were thawed at room temperature and proteins were eluted 521 

through two centrifugations at 13,000xg at 4°C for 8 min in a total of 120 μL sterile phosphate 522 

buffered saline (PBS; pH 7.4). In all analyses, 100 µL of eluted solution was used.  GCF samples 523 

were analyzed for MMP-8 and MMP-9 using a 2-plex human MMP panel by multiplexed sandwich 524 

immunoassays, based on flowmetric multiplex technology at the Forsyth Institute Luminex Core 525 

as described previously (59). 526 

Safety endpoints: Safety evaluations were performed clinically at each visit and through 527 

phone calls to assess adverse events (AEs). The changes in medical history, concomitant 528 

medication use, vital signs (blood pressure, heart rate and respiratory rate), oral soft and hard 529 

tissues and injection sites for ulceration, infections or mucosal irritancy using edema/erythema 530 
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score (60) and levels of liver enzymes, alkaline phosphatase (ALP), aspartate transaminase 531 

(AST), and alanine transaminase (ALT), performed by a Clinical Laboratory Improvement 532 

Amendments (CLIA) laboratory (Quest Diagnostics, Marlborough, MA) were assessed. A physical 533 

examination included the examination of head and neck, lymph nodes, face, skin, lips, in addition 534 

to the measurement of height and weight at baseline and day 90. A urine pregnancy test using 535 

an over-the-counter rapid chromatographic immunoassay for the qualitative detection of human 536 

chorionic gonadotropin was performed for women of childbearing potential at screening and 537 

baseline prior to randomization. An independent medical monitor was assigned to review out-of-538 

range laboratory values as well as assessment of AEs and provide expert guidance on further 539 

actions, as needed, with the principal investigator and Data and Safety Monitoring Board (DSMB) 540 

members. Patient-related outcomes included pain/discomfort, bleeding or gingival irritation and 541 

collected immediately after injections and 1 hour following injections by the study clinician.  542 

Patients were also followed up via phone calls 24-hour after injections to assess the patient-543 

related outcomes.  544 

As part of this study, the presence of anti-drug antibodies in the plasma of patients was 545 

evaluated as an exploratory endpoint. Blood samples were obtained and evaluated at baseline 546 

and on days 14 and 21. Immunogenicity analysis was performed employing a direct ELISA with 547 

AMY-101 coated on the plate followed with sera dilution of patients’ plasma and anti-human IgG-548 

HRP for the detection of any AMY-101-bound antibodies.  549 

 550 

Examiner calibration, clinician and study team training 551 

A single trained and calibrated examiner blinded to study treatments was responsible for all 552 

clinical oral measurements and safety assessments for the course of the study. An intra-examiner 553 

calibration exercise was conducted prior to study initiation and tested the repeatability level (61) 554 

with a  coefficient of 0.87. An experienced dental clinician blinded to treatment allocations was 555 

assigned to treatment injections after proper training.  The study team received protocol specific 556 

training prior to study initiation and throughout the study conduct under the supervision by the 557 

principal investigator and the independent study monitor. 558 

 559 

Study products 560 

The study product, AMY-101 acetate, which received an Investigational New Drug designation 561 

(Sponsor: Amyndas Pharmaceuticals) from the FDA prior to study initiation, is a white to off-white 562 

lyophilized powder for injection after reconstitution.  AMY-101 was supplied in single-use vials 563 

containing 50 mg of the drug substance, AMY-101 acetate. For the injections in the study, the 564 
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lyophilized product was reconstituted in 1 ml water for injections (WFI) to obtain an initial 565 

concentration of 50 mg/ml at pH 5.0. Subsequently, it was further diluted, using sterile saline, to 566 

a final concentration of 4 mg/ml. Saline was used for further dilutions, as required. The diluents 567 

including WFI and saline were sterile and obtained from a commercial FDA approved supplier 568 

(Hospira). 569 

Storage and stability.  AMY-101 was stored at -20 ± 5 °C (protected from light) in a -20°C 570 

freezer located in a dedicated and secure room with limited access at the Forsyth CCTR until use. 571 

Following reconstitution, the solutions were kept at 4°C and used within a day after further 572 

dilutions. Temperature logs were kept to document changes in temperature.  573 

 574 

Route of administration and selection of dose 575 

The route of administration and clinically effective dose were determined in pre-clinical non-576 

human primate (NHP) studies (22,26,27). The effective therapeutic dose of locally administered 577 

AMY-101 was 0.1 mg/injection site in NHP which was free of local irritation and has long-lasting 578 

anti-inflammatory effects (sustained therapeutic efficacy).  In addition, a Phase 1 study of AMY-579 

101 administered systemically through the subcutaneous and intravenous routes in SAD part and 580 

as multiple doses subcutaneously, established a good safety profile for the drug (NCT03316521). 581 

Thus, this human clinical study planned to use AMY-101 in a single dose of 0.1 mg/injection site 582 

in a split-mouth design compared to saline injection. Based on human PK studies, this locally 583 

administered dose (a “micro-dose” compared to the doses administered systemically in the Phase 584 

1 study of AMY-101), was not expected to result in any systemic drug exposure in the patient. 585 

Nevertheless, since this was a first-in human gingival tissue use, a dose escalation phase was 586 

included at the beginning of the study to assess safety and local tissue parameters after injections 587 

and to select the safe and effective dose prior to the main study enrollment (Supplementary 588 

Table 1).  AMY-101 in escalating doses of 0.025 mg/injection site, 0.05 mg/injection site and 0.1 589 

mg/injection site were randomly administered to 12 subjects and followed the same treatment and 590 

monitoring schedule as the main study (split-mouth, placebo controlled, 90 day).  After treatment 591 

of the first group (once weekly over 3 weeks), the second dose group was added followed by the 592 

third dose group, based on safety evaluations by the principal investigator and the DSMB.  593 

AMY-101 was administered as a single injection into each papilla between all teeth 594 

present at the randomly assigned side of the mouth (left or right) at each treatment visit (3 weekly 595 

visits).  For most of the patients, equal number of sites was treated with AMY-101 and placebo, 596 

while only in a small number of people the number of treated sites slightly varied (22 versus 24, 597 
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or 26 versus 28). Overall, a total of 1076 sites received AMY-101 and the same number of sites 598 

(1076) received placebo injections in 31 subjects included in the efficacy analysis.  599 

 600 

Data Analyses and Statistical methods 601 

Analysis population: The safety population consisted of all subjects who were enrolled and 602 

received the study treatments at baseline visit. The efficacy population consisted of all subjects 603 

from the safety population who completed at least 1 post-baseline assessment of primary and 1 604 

or more of the secondary efficacy outcome measures. The per-protocol population comprised of 605 

all subjects in the efficacy population who did not present any major protocol violations (deviation) 606 

during the study. Analyses were conducted on this population in support of the primary efficacy 607 

results. 608 

Sample size determination and power: As this was a Phase 2 proof-of-concept study, 609 

exploratory statistical analysis including repeated measures and modelling approaches was 610 

performed. Sample size determination was based on the power to detect study arm differences 611 

with respect to the MGI, the primary efficacy outcome measure.  Sample size calculations were 612 

made based on a generalized estimating equation (GEE) model to detect a difference of 0.2 MGI 613 

unit between the groups. With a SD of 0.3 GI units and using (i) an overall 0.05 significance level; 614 

(ii) a power of 78.9%; (ii) GEE model for repeated measurements, and (iv) exchangeable 615 

correlation structure with a correlation coefficient of ρ = 0.3 among repeated measurements, 27 616 

subjects in the group were needed to detect an effect size of 0.20 (mean GI change). Assuming 617 

a 10% participant attrition rate, 30 subjects were planned to be enrolled at the selected dose level. 618 

Per protocol, those who dropped out before the first post-baseline visit (day 21) on efficacy 619 

measurements were replaced.  620 

 621 

Statistical analysis 622 

Primary efficacy analysis was based on the efficacy population and per-protocol populations. 623 

Secondary efficacy analysis of primary and secondary efficacy endpoints was based on efficacy 624 

population. Descriptive statistics (including number of subjects, mean, standard deviation [SD], 625 

median, minimum, maximum) were calculated by treatment group and placebo for means and 626 

mean change from baseline at day 28 for primary efficacy endpoint and on days 21, 28, 60, and 627 

90 for secondary efficacy endpoints. Change in mean value at a specified time-point was analyzed 628 

using repeated measures model through the GEE approach with treatment group, study visit and 629 

interaction between treatment group and study visit as fixed effects and baseline as covariate. 630 

The adjusted least square means (LS means) and standard error (SE) from the model was 631 
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presented for the treatment group and placebo for each visit. The LS mean estimates for the 632 

difference of treatment group versus placebo, SE, 95% confidence interval (CI), and p value were 633 

also provided. The individual mean changes at day 28 and day 90 in MGI and BOP as well as 634 

GCF levels of MMP-8 and MMP-9 were compared between treatments by unpaired two-tailed 635 

Student’s t-test while within group analyses were performed by one-way ANOVA with mixed effect 636 

followed by Tukey’s test.  Safety analysis was based on safety population. All treatment emergent 637 

adverse events (TEAEs) were summarized by severity and relationship to study drug.  Descriptive 638 

statistics of the observed value and change from baseline were provided for vital signs and liver 639 

enzyme levels. Oral examination findings were summarized using frequency count and 640 

percentages by treatment and placebo groups. The statistical programs SAS Procedure Proc 641 

Genmod and GraphPad Prism 9.2.0 were used for statistical analysis of safety and efficacy data 642 

 643 

Study approval 644 

The protocol, screening and study consent forms, recruitment materials, and all subject materials 645 

were reviewed and approved by the IRB of the Forsyth Institute before any subject was enrolled 646 

(IRB protocol no. 19-07). All amendments to the protocol were reviewed and approved by the IRB 647 

before changes were implemented in the study. The study was registered at clinicaltrials.gov 648 

(NCT03316521). 649 

Ethical Conduct of the Study: This study was conducted in full conformity with the principles 650 

set forth in The Belmont Report: Ethical Principles and Guidelines for the Protection of Human 651 

Subjects of Research, as drafted by the United States National Commission for the Protection of 652 

Human Subjects of Biomedical and Behavioral Research (April 18, 1979) and codified in 45 Code 653 

of Federal Regulations (CFR) Part 46 and/or the International Council for Harmonization (ICH) 654 

Guidelines for Good Clinical Practice E6. The study was conducted according to the principles 655 

expressed in the Declaration of Helsinki and International Committee of Medical Journal Editors’ 656 

policy was followed.  657 

Subject Information and Consent: Informed consent process was initiated prior to the 658 

individual agreeing to participate in study at the Screening/Enrollment Visit and continued 659 

throughout study participation.  An extensive discussion of risks and possible benefits of study 660 

participation was provided, and informed consent was obtained from all participants prior to any 661 

study-related assessments or procedures. 662 
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 889 

Table 1. Overall participant demographics (safety population) 890 

Parameters 

Category / Statistics 

Overall 

n=40 

Age (years)   

Mean (SD) 42.0 (12.45) 

Median (Min, Max) 39.5 (22, 63) 

Gender (%)  

Male 20 (50.0) 

Female 20 (50.0) 

Race, n (%)   

White 26 (65.0) 

Black or African American 8 (20.0) 

Asian 5 (12.5) 

American Indian or Alaska Native 0 

Native Hawaiian or Other Pacific 

Islander 

0 

Mixed (Asian and White) 1 (2.5) 

Ethnicity, n (%)   

Hispanic or Latino 8 (20.0) 

Not Hispanic or Latino 32 (80.0) 

Unknown or not reported 0 

Height (cm)*   

Mean (SD) 169.1 (10.582) 

Median (Min, Max) 168 (149, 191) 

Weight (kg)*  

Mean (SD) 91.15 (25.870) 

Median (Min, Max) 90.90 (48.6, 154.5) 

max = maximum, min = minimum, SD = standard deviation. 

*Height and weight were recorded at Baseline visit. 

 891 

 892 
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 895 

Table 2. Baseline characteristics (efficacy population; split-mouth design) 896 

Characteristics 

AMY-101 

n=32 

Placebo 

n=32 

Sex % (M/F) 46.9 / 53.1 

Age, years, SD (range) 41.4 ± 12.5 (21-63) 

Modified Gingival Index    

Mean 2.31 2.30 

SD 0.17 0.16 

Median 2.31 2.29 

Min 1.89 2.00 

Max 2.71 2.59 

Bleeding on Probing %   

          Mean 56 55 

SD   9 10 

Median 57 54 

Min 35 38 

Max 70 79 

Plaque Index   

Mean   1.70   1.70 

SD   0.29   0.34 

Median   1.70   1.71 

Min   1.12   0.86 

Max   2.33   2.33 

Pocket depth (mm)   

Mean   2.43   2.44 

SD   0.35   0.34 

Median   2.33   2.39 

Min   1.82   1.76 

Max   3.42   3.38 

Clinical Attachment Level (mm)   

Mean   1.72   1.72 

SD   0.44   0.47 

Median   1.63   1.64 
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 929 

Min   0.82   0.75 

Max   2.83   2.93 

max = maximum, min = minimum, SD = standard deviation 
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Table 3. Safety endpoints: Summary of treatment emergent adverse event and event 930 

characteristics by dose group  931 

Treatment Emergent 

Adverse Event (TEAE) 

Characteristics 

0.025 mg/site 
  n=4 

0.05 mg/site 
n=4 

0.1 mg/site 
n=32 

 
Number 

of   
Subjects 

n (%) 
 

 
Number 

of   
Events  

n (%) 

 
Number 

of   
Subjects 
n (%) 

 
Number 

of   
Events 

n (%) 

 
Number 

of   
Subjects 
n (%) 

 
Number 

of   
Events 

n (%) 

AEs* 4 (100) 7  1 (25)  1 17 (53.1) 46 

AEs by Severity  

Grade 1: Mild 4 (100)   7 (100)  1 (100) 1 (100) 12 (70.6) 36 (78.3) 

Grade 2: Moderate 0  0   4 (23.5)   9 (19.6) 

Grade 3:Severe or medically 

  significant but not 

immediately life- threatening 

0  0   1  (5.9)   1 (2.1) 

 Grade 4: Life-threatening   

consequences 

0  0  0  

 Grade 5: Death related to AE 0  0  0  

AEs by Relatedness to Study 

Drug 

  Related   

  Not related  

 

0                                       0                            0    0   1  (5.9)   2  (4.3) 

4 (100)   7 (100) 1 (25)    1 (100) 16 (94.1) 44 (95.7) 

 Injection Site Reactions                 0        0  1  (5.9)  

AEs that Led to Study Drug 
Discontinuation 0   0 0 0 0 0 

AEs with an Outcome of Death 0 0 0 0 0 0 

*For AEs, percentages were calculated based on total subjects per dose group 932 

**For other categories, percentages were calculated based on total subjects who had an TEAE and total 933 

number of events per dose group 934 

 935 
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Figures 942 

 943 

Figure 1. CONSORT diagram. CONSORT subject flow diagram shows the number of subjects 944 

screened, enrolled/randomized, and included in the interim, primary safety and secondary efficacy 945 

analyses. Out of 98 patients screened, 40 individuals were found eligible, agreed to participate, 946 

and enrolled in the study.  The first 12 subjects were randomized into 3 escalating dose groups 947 

(Dose Group 1, Dose Group 2 and Dose Group 3; 4 subjects/group). After selection of dose of 948 

0.1 mg/interdental papilla, 28 more people (total of 32) were randomized to the main study group 949 

(orange shaded boxes) and treated split-mouth with AMY-101 at 0.1 mg/interdental papilla and 950 

placebo (saline) injections at baseline, day 7 and day 14, as three once-weekly injections. The 951 

safety population included all subjects (n=40) treated with at least one dose of AMY-101 or 952 

placebo, including the subjects from the dose selection phase.  The efficacy population included 953 

those who completed at least one post-baseline visit (starting at day 21) for efficacy analysis in 954 

the selected dose group.  One subject dropped out before the necessary day-21 visit completion, 955 

thus replaced per protocol.  *Out of 31 subjects treated with AMY-101 at 0.1 mg/interdental papilla 956 
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and placebo, one subject failed to complete day-90 visit; Dose Group 1: 0.025 mg/interdental 957 

papilla; Dose Group 2: 0.05 mg/interdental papilla; Dose Group 3: 0.1 mg/interdental papilla. 958 

Figure 2. Change in gingival index over time (primary efficacy endpoint) following 959 

treatment with AMY-101. The key clinical endpoint associated with gingival inflammation was 960 

measured using the Modified Gingival Index scored 0-4 (healthy-localized mild, generalized mild, 961 

moderate and severe, respectively). Change from baseline at days 21, 28, 60 and 90 was 962 

compared between treatment groups. LSM difference along with its SE, 95% CI, and p-value was 963 

obtained through a GEE method with normal distribution and identity link including treatment 964 

group, study visit (Day 21, Day 28, Day 60 and Day 90) and interaction between treatment group 965 

and study visit as fixed effects with baseline as covariate. Data are presented as LS means ± SE 966 

(n=31); ***P<0.001 compared to saline (placebo).    967 

 968 

 969 

 970 

 971 
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Figure 3. Change in bleeding on probing over time (secondary efficacy endpoint) following 972 

treatment with AMY-101. Another key clinical endpoint associated with gingival inflammation, 973 

bleeding on probing, was measured using a dichotomous measure (1=bleeding and 0=no 974 

bleeding within 15 minutes following probing the site).  Change from baseline at days 21, 28, 60 975 

and 90 was compared between treatment groups. LSM difference along with its SE, 95% CI, and 976 

p-value was obtained through a GEE method with normal distribution and identity link including 977 

treatment group, study visit (Day 21, Day 28, Day 60 and Day 90) and interaction between 978 

treatment group and study visit as fixed effects with baseline as covariate. Data are presented as 979 

LS means ± SE (n=31); ***P<0.001 compared to saline (placebo). 980 
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Figure 4. Change in gingival inflammation following treatment with AMY-101.  Scatter plots 987 

showing the individual (subject’s) response to each treatment on day 28 (A-B) and day 90 (C-D) 988 

as measured by MGI and BOP%, respectively. Each dot represents each subject treated either 989 

with AMY-101 or saline, and the bar graphs show means with 95% CI (n=31); ****P<0.0001, One-990 

way ANOVA with 95% confidence intervals. 991 

  992 
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 993 

Figure 5.  Changes in the GCF levels of MMP-8 and MMP-9 following treatment with AMY-994 

101.  The levels of MMP-8 (A) and MMP-9 (B) were measured in the GCF from 2 separate sites 995 

at each treatment side (AMY-101 or saline) and were compared within group (e.g., different time 996 

points after AMY-101 treatment) as well as between groups (i.e., AMY-101 vs. saline). Least 997 

square means (LSM), its 95 % CI, SE, LSM difference along with its SE, 95% CI, and p-value is 998 

obtained through a GEE method with normal distribution and identity link including treatment 999 

group, study visit (Day 21, Day 28, Day 60 and Day 90) and interaction between treatment group 1000 

and study visit as fixed effects with baseline as covariate. Dot plots with whiskers represent 1001 
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individual values and mean ± SE. Within-group comparisons were performed using repeated 1002 

measures one-way ANOVA followed by Sidak’s multiple comparisons test.  ***P<0.001, **P<0.01, 1003 

*P<0.05. For baseline (day 0), day 21 and day 28, n = 62; for day 60 n = 56 and for day 90, n = 1004 

60. 1005 

 1006 

 1007 


