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ABSTRACT

Objective: Sino-implant (1) is a contraceptive implant that had a commodity price one-third of
the competing products a decade ago. To make Sino-implant (I11) more widely available, we
conducted a trial to collect safety and efficacy data required for WHO prequalification, a quality

standard allowing global donors to procure a pharmaceutical product.

Study Design: This was a randomized controlled trial allocating 650 participants to either Sino-
implant (I1) or Jadelle®. Participants were seen at one and six months, and then semi-annually.
The primary efficacy measure was the pregnancy Pearl Index (number of pregnancies per 100

women-years of follow-up) in the Sino-implant (1) group during up to four years of implant use.

Results: For the primary outcome, Sino-implant (11) had a four-year Pearl Index of 0.74 (95%
Cl: 0.36-1.37), compared to 0.00 (95% CI: 0.00-1.04) for Jadelle®. The Sino-implant (I1)
pregnancy rate was significantly higher in the fourth year (3.54 per 100 WY) than in the first
three years combined (0.18 per 100 WY’; p<0.001). Total levonorgestrel concentrations were
equivalent between groups at month 12, but were 19%, 22%, and 32% lower in the Sino-implant
(11) group at months 24, 36, and 48, respectively (p<0.001 at each time point). Safety and
acceptability of the two products were similar, while providers documented significantly higher

breakage rates during removal of Sino-implant (I1) (16.3% versus 3.1%; p<0.001).

Conclusion: Based on these results, WHO pre-qualified Sino-Implant (I1) with a three-year use

label in June 2017; two years shorter than the 5-year duration of Jadelle®.
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IMPLICATIONS

WHO prequalification allows global donors to procure Sino-implant (I1), which means women in
many low resource countries will have greater access to highly effective and acceptable
contraceptive implants. Our study noted important clinical differences, including shorter
duration of high effectiveness with Sino-implant (I1) when compared to the other available two-
rod system, Jadelle®. Introduction strategies should include appropriate training on these

differences.

Key Words: Sino-implant; Levoplant; Long-acting reversible contraceptive; Contraceptive

effectiveness, Safety
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1. INTRODUCTION
Sino-implant (1) is a subdermal contraceptive implant system manufactured in China and
marketed globally as Levoplant™. To make Sino-implant (1) more broadly available to women
in developing countries, the Bill & Melinda Gates Foundation funded a global initiative
coordinated by FHI 360. A key objective of the initiative was to obtain WHO pre-qualification
which is necessary for global procurement agencies (e.g., UNFPA and USAID) to distribute the

product.

The initial Sino-implant (1) dossier was submitted to the WHO Prequalification Team:
medicines (PQTm) in 2010 with data collected in China in the early 1990s and reviewed by
Steiner et al.[1] WHO PQTm concluded available data were insufficient to warrant pre-
qualification, as the trials did not meet Good Clinical Practice (GCP) guidelines. FHI 360
subsequently undertook a GCP-compliant trial in the Dominican Republic (DR), with the main
objective to evaluate the contraceptive efficacy of Sino-implant (11) during four years of use.
Secondary objectives included comparing Sino-implant (11) safety, efficacy, acceptability and PK

to Jadelle® during up to 5 years of use.

2. METHODS
We conducted this Phase Il1, randomized, active-control, parallel group clinical trial at the
PROFAMILIA clinic in Santo Domingo, the DR. The ethical review board at FHI 360 and two
review boards in the DR (PROFAMILIA and CONABIOS) approved the protocol. We
registered the trial on ClinicalTrials.gov and adhered to the CONSORT guidelines in our

reporting of results.[2]
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The study had two treatment groups: Sino-implant (11) (Shanghai Dahua Pharmaceutical Co., Ltd
(Dahua)), and an active control, Jadelle® (Bayer Healthcare, Berlin, Germany). Each device
consists of two flexible silicone rods loaded with 75mg of levonorgestrel (LNG) — 150mg LNG
per set. We randomized participants using sequentially numbered, sealed opaque envelopes. We
instructed the clinicians to insert (and remove) the assigned contraceptive implant following

instructions adapted from Jadelle®’s instructions.[3]

To be eligible for the study, women had to be aged 18 to 44 years, not pregnant or lactating and
not wishing to become pregnant in the next five years (see Supplement for all
inclusion/exclusion criteria). We enrolled eligible participants during the first seven days of their
menstrual cycle and confirmed negative pregnancy status per urine pregnancy test (Accu-Tell
Rapid Diagnostic, HCG Urine / Serum Cassette, AccuBioTech Co., Ltd, Beijing, China -catalog
no. ABT-FT-B2.). The Accu-Tell Rapid Diagnostic test detects hCG concentration of 25 miU/ml
and greater (sensitivity and specificity >99.9%). The urine pregnancy test was repeated at the
final visit, and at any other visit where there were signs of pregnancy. A positive urine test was

confirmed by ultrasound and/or serum quantitative hCG measurement.

We scheduled follow-up visits at 1, 6, 12, 18, 24, 30, 36, 42, 48, 51, 54, 57 and 60 months post-
insertion. We asked a subgroup of 50 participants to attend additional visits 6, 24, 48 and 72
hours, and 7 and 90 days, post-insertion for LNG sampling to compare the initial
pharmacokinetic (PK) profiles of the two products. At all regular visits we measured blood

pressure and weight; drew blood for determination of total LNG and sex hormone binding
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globulin (SHBG) concentrations (only in final 150 enrolled participants, when funding became
available for this extra testing); collected information on AEs and concomitant medication use;

and evaluated acceptability (at month 12, month 48, and final study visit).

We chose the study size of 650 women to meet criteria specified in the European Medicines
Agency (EMA) Guideline on Clinical Investigation of Steroid Contraceptives in Women [4]:
specifically, 400 women completing one year of Sino-implant (I1) use; 200 women completing
the labeled four-year duration of use in China; and sufficient months of Sino-implant (1) use to
obtain a two-sided 95% confidence interval (Cl) for the pregnancy Pearl Index with a half-width
< 1%. Although the primary efficacy assessment of Sino-implant (1) was non-comparative, we
included an active control to allow for a direct comparison of total LNG concentrations, safety,
and acceptability; the 4:1 allocation ratio was intended to provide sufficient precision for making

such comparisons.

The primary efficacy measure was the pregnancy Pearl Index (number of pregnancies per 100
women-years of follow-up) in the Sino-implant (1) group during up to four years of implant use.
Although our initial plans were to follow participants for up to 5 years as a secondary outcome
(labelled duration of use of Jadelle®), on February 1, 2016, the independent data and safety
monitoring board (DSMB) recommended participant follow-up be truncated at month 48 due to a
higher than expected pregnancy rate among the women who had already provided data in the 4™
and 5™ years of Sino-implant (11) use. To assure that we detected any possible early pregnancies
present at the 48 -month visit, we decided to simultaneously test both urine and serum samples

with the Accu -Tell Rapid Diagnostic test at this exit visit.
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Secondary efficacy measures included cumulative probabilities of pregnancy and pregnancy
rates at yearly intervals. We reported the pregnancy Pearl Index and pregnancy rates at yearly
intervals with 95% confidence intervals (CI) based on a Poisson assumption for mean time to
event. We used Kaplan-Meier methods to estimate cumulative probabilities of pregnancy, with
95% Cls derived using the complementary log-log transformation. Although the study is not
powered to detect differences in pregnancy risk between the two implants types, we compared

the proportions of participants becoming pregnant based on an exact two-sided test.

PPD bio-analytical labs measured total plasma LNG concentrations using a validated high-
performance liquid chromatography tandem mass spectrometry (HPLC/MS/MS) assay (inter-
and intra-assay precision, expressed as the coefficient of variation times 100, ranged from 2.72 to
6.04% and from 1.60 to 9.00%, respectively) and serum SHBG using an ADVIA Centaur solid

phase two-site chemiluminescent immunoassay.

We reported Cmax and Tmax for each participant undergoing intensive PK sampling, excluding
women with detectable LNG at baseline. We estimated corresponding AUC values using the
linear-log trapezoidal method and summarized results by implant type using means, standard
deviations (SD), 95% Cls, and other descriptive statistics. We compared groups using p-values
for tests of no difference and 90% Cls for geometric mean ratios (GMR) of PK parameters.
Although this was not a bioequivalence trial, for descriptive purposes we considered the implant
types equivalent with respect to a given PK parameter if the corresponding 90% ClI fell in the

interval [0.8-1.25] per standard guidance.[5] We summarized total LNG concentration among all
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enrolled, and SHBG and the free LNG index (LFI), defined as the ratio of total LNG (nmol/L) to
SHBG (nmol/L) concentrations (times 100), in the final 150 enrolled participants, by study visit

using descriptive statistics, with no adjustment for multiple comparisons.

For safety outcomes, we compared the percentage of women experiencing AEs within system
organ class, the percentage experiencing complications during insertion or removal, and the

percentage of implants that broke during removal between groups using Fisher’s exact tests.

For acceptability outcomes, we computed cumulative probabilities of early implant removal
using Kaplan-Meier methods, with differences in rates assessed using a log-rank test. We
compared categorical responses to acceptability questions between treatment groups using
Fisher’s exact tests. Unless otherwise noted, we conducted all tests at the two-sided 0=0.05

significance level, based on allocated treatment group.

3. RESULTS
3.1 Study Subjects

We screened 749 women between October 2011 and July 2013 to randomize 650 participants
into the trial that completed follow-up July 2017 (Figure 1). Among the 650 enrolled
participants, 514 received Sino-implant (1) and 136 received Jadelle® (including 3 random
allocation errors discovered during the closeout monitoring visit). Only 10 participants were lost
to follow-up and the visit completion rate was greater than 95%. Baseline characteristics were

well balanced across groups and are presented in Table 1.
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Of the fifty participants recruited into the PK Population for more intensive assessment of total
LNG concentrations (Figure 1), we excluded nine (18%) due to detectable LNG at baseline
(range: 113-1860 pg/m) leaving 41 participants (22 and 19 in the Sino-implant (11) and Jadelle®
groups, respectively) contributing to the estimation of PK parameters. Baseline characteristic for
this subgroup were well balanced and similar to the whole group with the exception that women

with BMI>30 kg/m? were excluded from the PK Population (data not shown).

3.2 Efficacy

In the primary efficacy analysis, the 514 women assigned Sino-implant (11) contributed
1343.9 WY of implant use during up to four years of treatment, resulting in a four-year Pearl
Index of 0.74 (95% CI: 0.36-1.37) (Table 3). We recorded 11 pregnancies in the study, all among
the 514 women assigned to Sino-implant (I1): 1, 1, 8, and 1 in years two, three, four, and five of
implant use, respectively. Of these 11 pregnancies, we recorded two ectopic pregnancies, four
spontaneous and one induced abortion, and four live births including one set of twins without

fetal or neonatal abnormalities (Table 2).

The three-year Pearl Index based on 1117.7 WY was 0.18 (95% CI: 0.02-0.65). The
corresponding yearly pregnancy rates increased slightly from 0.00 per 100 WY (95% ClI: 0.00-
0.79) in year one to 0.34 (95% CI: 0.01-1.92) in year three, before rising to 3.54 per 100 WY
(95% CI: 1.53-6.97) in year four (p<0.001 in an exploratory test of no difference between rates
in years 1 to 3 versus year 4). In a sensitivity analysis that excluded the two chemical

pregnancies, the pregnancy rate in Year 4 declined to 2.65 per 100 WY (95% CI: 0.97-5.77).
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The 136 participants assigned to Jadelle® contributed 353.2 WY of follow-up in the first four
years of implant use. We recorded no pregnancies resulting in a Pearl Index of 0.00 (95% ClI:
0.00-1.04) (Table 3). The trial was not designed or sufficiently powered to compare the Pearl

Indices between the two implant groups.

Sino-implant (1) users who became pregnant had a non-significantly higher mean body weight
than the remaining users (73.1 kg versus 66.0 kg: p=0.09). In nine of the eleven women who
became pregnant (81.8%), the measured total LNG concentration at the last visit before EDF was
below 200 pg/mL and was also below the average LNG concentration among all Sino-implant

(11) users at the corresponding sampling visits (Table 2 and Figure 2).

3.3 Pharmacokinetics - Total LNG Concentrations

Total plasma LNG concentrations in the PK population uniformly exceeded 200 pg/mL within
24 hours of implant insertion in both groups. The mean Cpax in the Sino-implant (I1) and
Jadelle® group, respectively, was 833 and 962 pg/mL; mean Tnax Was 5.4 and 4.3 days; and

mean AUCo.em was 2489 and 2862 pg-months/mL.

In the Sino-implant (I1) group, mean concentrations decreased from 428 pg/mL one month after
insertion to 310, 252, 220, and 205 pg/mL at months 12, 24, 36, and 48, respectively (Figure 2).
In the Jadelle® group, mean concentrations generally decreased from 453 pg/mL at month one to

314, 310, 276, and 299 pg/mL at months 12, 24, 36, and 48, respectively. The observed trend in
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decreasing geometric mean ratios (GMRs) over time was significant (p<0.001) in an exploratory
test of no difference in log-linear slopes (see detailed discussion of LNG levels, related SHBG

levels and the free LNG Index (FLI) in Supplement).

3.4 Safety
Except for menstrual irregularities (experienced by 48.4% and 58.8% of Sino-implant (11) and
Jadelle® users, respectively; p=0.03), there were no significant differences in the proportions of

women experiencing common AEs.

Twenty-eight participants (5.4%) in the Sino-implant (11) group reported a total of 32 SAEs,
including seven that were considered at least possibly related to implant use: two ectopic
pregnancies, two ovarian cysts, one episode of cholecystitis, one episode of cholelithiasis, and
one case of biliary colic. Five participants (3.7%) in the Jadelle® group reported a total of six

SAEs, none of which were considered related to implant use.

3.5 Implant Insertion and Removal

Implant insertion took an average of 32.7 (SD: 9.7) and 29.2 (SD: 8.8) seconds in the Sino-
implant (I1) and Jadelle® groups, respectively, and the insertion procedure was uniformly
considered easy (100%) for both implant types by experienced clinicians. Most participants
reported no pain during the insertion procedure (92.4% for Sino-implant (11) and 94.9% for

Jadelle®; p=0.35).
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The implant removal took less than 5 minutes for 92.0% and 95.5% of Sino-implant (11) and
Jadelle® procedures, respectively, although providers were less likely to report that Sino-implant
(I1) was easy to remove (82.4% and 93.2%; p<0.01). Most participants reported no pain during

the removal procedure (83.6% for Sino-implant (11) and 88.9% for Jadelle®; p=0.14).

The total breakage rate during removal was significantly greater for Sino-implant (11) than for
Jadelle® (16.3% versus 3.1%; p<0.001), and a second clinic visit was required to ensure that the
Sino-implant (1) was completely removed in 13 (2.7%) instances. One of the identified
explanations for the high breakage rate was that the site was not following the removal
instructions and were applying twisting/torque motion instead of pulling when withdrawing the
rods. Additional training of site clinicians re-emphasized the instructions with respect to
minimizing the use of twisting/torque when withdrawing the rods. Still later, the clinic began
using less sharp and slightly larger Crile forceps instead of mosquito clamps for withdrawing the
rods. The breakage rate in the Sino-implant (11) group generally decreased with each
intervention: 33.3% prior to re-training; 17.6% after training to minimize twisting/torque; and
8.3% after the site began using Crile forceps. However, the Sino-implant (I1) breakage rate
increased to 24.8% in the three-month period following the decision to truncate follow-up (when

the number of removals was greatest) and remained somewhat elevated thereafter (14.1%).

3.6 Acceptability
Year-four continuation rates were similar for Sino-implant (I1) and Jadelle® (41% vs. 38%);
p=0.69) with about 20% of participants in both groups discontinuing annually. The most

common reasons for wanting the implant removed early was frequent or irregular bleeding,
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19.1% in each group. Similar proportions of participants using Sino-implant (11) and Jadelle®
said they were very satisfied/satisfied with their assigned implant (85.4% and 83.7%,
respectively) and most (96.8% and 95.6%, respectively) would recommend implants to a

friend/relative.

4. DISCUSSION
Results confirm Sino-implant (1) is a highly effective, long-acting contraceptive method, with an
estimated Pearl Index of 0.74 per 100 WY during up to four years of use and with safety and
acceptability profiles that are similar to Jadelle®. The Sino-implant (11) pregnancy rate was
significantly higher in the fourth year of use (3.54 per 100 WY) than in the first three years
combined (0.18 per 100 WY). As a result, WHO prequalified the product with a three-year use
label.[6] Some, but not all, earlier Chinese trials found decreased contraceptive efficacy beyond
Year 3,[1] although none recorded as sharp a decrease as we saw in this trial in the DR. The
supportive cohort study described in this issue (Che Y 2018) recorded four pregnancies (three
during the 3" and one during the 4™ year) resulting in a higher pregnancy rate during Year 3 -
1.34 (95% CI: 0.28-3.93) than Year 4 - 0.44 (95% CI: 0.01-2.47) or Year 5 - 0.00 (95% CI:

0.00-2.02).

What might explain these somewhat different results across studies? The trial in the DR was the
more rigorous study from a design and implementation perspective (e.g., randomized; low loss-
to-follow-up; site inspection per WHO GCP). How much of the difference in efficacy between
studies in China and the DR is due to: 1) differences in sexual behavior and other covariates

related to the underlying risk of pregnancy (e.g. age); 2) ethnic/genetic differences in
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pharmacokinetics and pharmacodynamics of LNG; 3) random variability and inherent challenges
of measuring pregnancy outcomes or 4) data quality (e.g., possibility of participants accessing

abortions without site staff knowledge) is not known.

Sexual behavior is notoriously difficult to measure[7] and most modern contraceptive efficacy
trials[8-10] make no attempts to control for this covariate because doing so might introduce
additional confounding. Participants in the DR trial were on average younger than in the China
study at enrollment (23.6 vs 33.9 years old, respectively) which is perhaps associated with
increased sexual frequency and somewhat higher fecundity.[11] Moreover, participants in the
DR trial had somewhat higher BMI than participants in the China study (24.6 vs, 23.7,
respectively) which also has been shown to increase the risk of pregnancy in some, but not all,
contraceptive implant trials.[12] Thus, it is possible that participants in the DR trial were exposed

to higher underlying risk of pregnancy than women included in the most recent China study.

Differences in metabolism of hormones like LNG and MPA between Asian and non-Asian
females as well as males is well documented.[13-15] LNG levels were generally higher in the
China study than in the DR trial and did not show the same downward trend after Year 3.
However, the PK outcome related to the free drug concentration (FLI), presumed to be more
highly correlated with pregnancy prevention than total LNG[16-18] was stable after Year 3 in
the DR (see PK Supplement) but declined in China. We must be careful not to overinterpret PK

differences and temporal trends because these are non-randomized comparisons.
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Given the expected rarity of pregnancy in implant trials, the study was not powered to detect, nor
did it identify, significant differences in pregnancy rates between implant types. However, we
did observe a significantly higher pregnancy rate in the 4" year of Sino-implant (11) use than in
the first three years combined. Of the 8 pregnancies in the 4™ year, one chemical pregnancy was
only detected because of the deviation from the pregnancy testing algorithm specified in the
protocol and a second pregnancy was included in the analysis because we could not determine
with certainty that the EDF was outside the follow-up period. This illustrates the challenge of
conducting contraceptive trials with the inherent difficulty of dating conception as well as the
fact that 30-50% of pregnancies are not viable and end spontaneously in early pregnancy
loss.[19] The latter can lead to substantially different efficacy outcomes depending on the
frequency of pregnancy testing and the sensitivity of tests used. Finally, differences in data

quality can never be ruled out for potentially explaining differences in efficacy.

We observed a higher than expected breakage rate for Sino-implant (11) at the time of removal.
At the beginning of FHI 360’s involvement with the manufacturer of Sino-implant (I1), we
conducted an assessment of the clinical experience with removal in China.[20] Among 318
removals we assessed, 16 (5.0%) implants broke which is comparable to breakage rates for other
contraceptive implants[21, 22] as well as the rate we found in the China study presented in this
issue (Che 2018). When we noted substantially higher breakage rates in the current trial, the
study team explored the potential reasons and recommended procedures to improve the removal
procedure. While laboratory testing conducted during the trial showed the tensile integrity of
Sino-implant (I1) was less robust than Jadelle®’s, the reduction in breakage after re-training

suggests removal technique is an important factor that can lead to varying breakage rates across
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and within studies. That said, breakage rates increased again during study close-out when the
number of procedures per day increased. The significantly higher breakage rate of Sino-implant
(1) compared to Jadelle® (16.3% versus 3.1%; p<0.001) may be one of several factors (e.g.,
commaodity price, duration of use, lead time for shipping etc.) that country stakeholders and

global procurement agencies will consider when deciding what type of implant to distribute.

Based on the results of the DR trial along with substantial manufacturing systems improvements,
WHO has pre-qualified Sino-Implant (11) with a three-year use label.[6] Given the long-standing
four-year approval in China as well as reassuring results of the supportive cohort study (Che
2018), Sino-implant (11) will likely remain a four-year product in China. Similarly, some national
drug regulatory authorities may assess the entirety of the clinical data and conclude they support
the marketing as a four-year product. Clear instructions to both providers and clients will be
necessary on the duration of use of this product, as well as the two other widely available
contraceptive implants (Jadelle® and Nexplanon®) with their respective 5-year and 3-year

duration of use, to avoid confusion.

While one key outcome of the Sino-implant (1) initiative was achieved with WHO
prequalification in June 2017, a more important legacy is the catalytic role the product has
played in bringing price competition to the market (Figure 3) — helping women in low resource
countries have greater access to highly effective, acceptable, and more affordable contraceptive

implants.

Page | 16



Acknowledgments

Support for this research was provided by The Bill &Melinda Gates Foundation (Grant ID:
48942.01). The views expressed in this publication do not necessarily reflect those of the funding
agency. The authors thank the study staff at the PROFAMILIA clinic in Santo Domingo for
study implementation and are grateful to the monitoring and data management groups at FHI 360
for their work to ready the analysis data set. We thank Kirsten VVogelsong and Mark Milad for the

review and comments on the draft manuscript. The authors do not declare any conflict of interest.

Page | 17



REFERENCES

[1] Steiner MJ, Lopez LM, Grimes DA, et al. Sino-implant (I)--a levonorgestrel-releasing two-rod
implant: systematic review of the randomized controlled trials. Contraception. 2010;81:197-201.
[2] Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated guidelines for
reporting parallel group randomised trials. J Pharmacol Pharmacother. 2010;1:100-7.

[3] Bayer. Jadelle Contraceptive Implants up to 5 years: First Implants WHO-prequalified. In:
Bayer, editor.2013.

[4] EMA. Guideline on Clinical Investigation of Steroidal Contraceptives in Women. London:
Committee for Medicinal Products for Human use 2005. p. 6.

[5] EMA. Guideline on the Investigation of Bioequivalence. London: Committee for Medicinal
Products for Human Use; 2010. p. 27.

[6] WHO. Sino-Implant (Il) (levonorgestrel contraceptive implant) prequalified. Essential
Medicines and Health Products: Prequalification of medicines2017.

[7] Gallo MF, Steiner MJ, Hobbs MM, Warner L, Jamieson DJ, Macaluso M. Biological markers
of sexual activity: tools for improving measurement in HIV/sexually transmitted infection
prevention research. Sex Transm Dis. 2013;40:447-52.

[8] Apter D, Briggs P, Tuppurainen M, et al. A 12-month multicenter, randomized study
comparing the levonorgestrel intrauterine system with the etonogestrel subdermal implant. Fertil
Steril. 2016;106:151-7 e5.

[9] Eisenberg DL, Schreiber CA, Turok DK, et al. Three-year efficacy and safety of a new 52-mg
levonorgestrel-releasing intrauterine system. Contraception. 2015;92:10-6.

[10] Meirik O, Brache V, Orawan K, et al. A multicenter randomized clinical trial of one-rod
etonogestrel and two-rod levonorgestrel contraceptive implants with nonrandomized copper-lUD
controls: methodology and insertion data. Contraception. 2013;87:113-20.

[11] American College of O, Gynecologists Committee on Gynecologic P, Practice Committee of
the American Society for Reproductive M. Female age-related fertility decline. Committee
Opinion No. 589. Obstet Gynecol. 2014;123:719-21.

[12] Lopez LM BA, Chen M, Grey TW, Otterness C, Westhoff C, Edelman A, Helmerhorst FM.
Hormonal contraceptives for contraception in overweight or obese women. Cochrane Database
of Systematic Reviews: Cochrane; 2016.

[13] Wang C, Wang XH, Nelson AL, et al. Levonorgestrel implants enhanced the suppression of
spermatogenesis by testosterone implants: comparison between Chinese and non-Chinese
men. J Clin Endocrinol Metab. 2006;91:460-70.

[14] Garza-Flores J, Rodriguez V, Perez-Palacios G, et al. A multicentered pharmacokinetic,
pharmacodynamic study of once-a-month injectable contraceptives. I. Different doses of
HRP112 and of DepoProvera. World Health Organization Task Force on Long-acting Systemic
Agents for Fertility Regulation. Contraception. 1987;36:441-57.

[15] Hall P. Monthly injectable contraceptives. Contraception. 1983:65-88.

[16] Alvarez F, Brache V, Tejada AS, Cochon L, Faundes A. Sex hormone binding globulin and
free levonorgestrel index in the first week after insertion of Norplant implants. Contraception.
1998;58:211-4.

[17] Brache V, Alvarez-Sanchez F, Faundes A, Tejada AS, Cochon L. Free levonorgestrel index
and its relationship with luteal activity during long-term use of Norplant implants. Adv
Contracept. 1992;8:319-26.

Page | 18



[18] Olsson SE, Odlind V. "Free levonorgestrel index" (FLI) is a better parameter than plasma
level of levonorgestrel for predicting risk of pregnancy during use of subdermal contraceptive
implants releasing levonorgestrel. Steroids. 1988;52:407-8.

[19] The Johns Hopkins Manual of Gynecology and Obstetrics: Lippincott Williams & Wilkins;
2012.

[20] Cheng L, Steiner MJ, Meng H, et al. Implant removal experience with Sino-implant (Il) at
four Chinese sites. Contraception. 2014;90:249-52.

[21] Sivin |, Alvarez F, Mishell DR, Jr., et al. Contraception with two levonorgestrel rod implants.
A 5-year study in the United States and Dominican Republic. Contraception. 1998;58:275-82.
[22] Sivin I, Campodonico I, Kiriwat O, et al. The performance of levonorgestrel rod and
Norplant contraceptive implants: a 5 year randomized study. Hum Reprod. 1998;13:3371-8.

Page | 19



Figure 1. Participant Flow Diagram for a randomized control trial to evaluate the contraceptive
efficacy, safety and acceptability of a two tod contraceptive implant over four years in the
Dominican Republic
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Table 1: Baseline Characteristics of women randomized to Sino-implant (1) or Jadelle® insertion

Variable Sino-implant (I1) Jadelle®
(n=514) (n=136)
Mean age, y (range) 235  (18-39) 23.7 (18-36)
Race: n (%)
biracial 478  (93.0) 131 (96.3)
black 20 (3.9 2 (1.5)
3.1)
white 16 3 (2.2)
Partner status, n (%) 362 (70.4) 106 (77.9)
married or cohabitating
Mean body mass index kg/m? (range) ~ 24.7  (16-44) 24.4 (16-37)
Never pregnant, n (%) 18 (3.5) 1 (0.7)
Contraception last used n (%)*
combined oral contraceptive pills 159 (30.9) 43 (31.6)
progestin-only pill 8 (1.6) 2 (1.5)
implant 14 (2.7) 3 (2.2)
IUD 6 (1.2) 4 (2.9)
injectable 34 (6.6) 9 (6.5)
condom 268 (52.1) 70 (51.5)
other 20 (3.9 4 (2.9)
never used contraception 11 (2.1) 5 (3.7)
Regular menses, n (%) 486 (94.6) 131 (96.3)

1. More than one response possible
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Table 2. Study Pregnancies of women randomized to Sino-implant (I1) insertion (no
pregnancies recorded in the Jadell®e group)

Months Age_ Weigbt LNG ) LNG ) Confirmed by

PN toEDF (yrs) (kg) (pg/mL) specimen ultrasound Outcome
1002 40.2 28 65.8 135 Month 36 Yes Ectopic pregnancy
1061  46.5 31 69.4 190 Month 42 Yes Live birth
1158 48.5 33 78.5 122 Month 48 Yes Induced abortion
1260  20.7 34 65.6 443 Month 18 Yes Spontaneous abortion
1305 37.2 22 79.9 104 Month 36 Yes Live birth
1347 479 26 82.8 103 Month 42 Yes Live birth
1421 334 32 50.8 179 Month 30 Yes! Ectopic pregnancy
1510 428 28 77.6 134 Month 42 Yes Spontaneous abortion
1537  46.5 24 81.2 163 Month 42 No? Spontaneous abortion
1556  36.9 26 78.3 182 Month 36 Yes Live twins
1630 47.7 30 74.0 328 Month 42 No?® Spontaneous abortion

" Last measurement before EDF.

! Ultrasound identified a possible ectopic pregnancy in left oviduct

2 Ambiguous urine test result, but serum hCG results were elevated and consistent with pregnancy. Repeated
ultrasounds showed no evidence of pregnhancy, and she reported spontaneous menses 16 days after study exit.

® Negative urine test, but a parallel qualitative hCG test was weakly positive and a quantitative hCG test was
elevated (10.7 mIU/mL). She was positive by urine test 6 days later, but repeated ultrasounds showed no
evidence of pregnancy and she reported spontaneous menses 12 days after study exit.
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Table 3 Pearl Indices, by Year of Implant use and Overall, of women randomized to Sino-
implant (I1) or Jadelle® insertion

WY of Pregnancy  Pearl Index 95% CI for

Time period/group Women' follow-up events (per 100 WY)  Pearl Index
1st year of use

Sino-implant (I1) 514 465.6 0 0.00 (0.00, 0.79)

Jadelle® 136 123.6 0 0.00 (0.00, 2.98)
2nd year of use

Sino-implant (I1) 410 360.3 1 0.28 (0.01, 1.55)

Jadelle® 109 98.3 0 0.00 (0.00, 3.75)
3rd year of use

Sino-implant (1) 323 291.8 1 0.34 (0.01, 1.91)

Jadelle® 87 74.7 0 0.00 (0.00, 4.94)
4th year of use

Sino-implant (1) 259 226.2 8 3.54 (1.53, 6.97)

Jadelle® 64 56.6 0 0.00 (0.00, 6.52)
5th year of use*

Sino-implant (1) 182 21.8 1 4.59 (0.12, 25.6)

Jadelle® 48 5.3 0 0.00 (0.00, 69.8)
Years 1-3, combined

Sino-implant (I1) 514 1117.7 2 0.18 (0.02, 0.65)

Jadelle® 136 296.6 0 0.00 (0.00, 1.24)
Years 1-4, combined "

Sino-implant (11) 514 1343.9 10 0.74 (0.36, 1.37)

Jadelle® 136 353.2 0 0.00 (0.00, 1.04)
Years 1-5, combined®

Sino-implant (I1) 514 1365.7 11 0.81 (0.40, 1.44)

Jadelle® 136 358.5 0 0.00 (0.00, 1.03)

T Number of women on product at the start of each time period.

* Participants had already entered Year 5 when DSMB decision was made to truncate the study after Year 4;

only 5% of participants contributed >3 months of implant use in year 5.
Primary analysis result.
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Figure 2. Arithmetic mean total LNG concentrations during 48 months of implant use in
women randomized to Sino-implant (I1) or Jadelle® insertion (95% Cls for means are shifted
slightly for visibility). Solid and open triangles denote upper and lower 10™ percentiles for
Sino-implant (11) and Jadelle®. Asterisks are LNG concentrations at last time point before
estimated date of fertilization among 11 pregnant women.
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Figure 3: Market Shaping through Price Competition

SEE ATTACHED PDF
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Supplementary Material:

Complete Inclusion/Exclusion Criteria

To be eligible for the study, women had to be: in good general health; aged 18 to 44 years; not
pregnant or lactating; not wishing to become pregnant in the next five years; requesting long-
acting reversible contraception; > 9 months after last injection of Depo Provera, > 3 months after
last injection of combined injectable contraceptive, > than 1 week after last intake of LNG-
containing pill or implant removal; able to understand information about study participation;
willing to sign consent form; and able to return for follow-up visits over five years. Exclusion
criteria were: acute deep venous thrombosis and/or pulmonary embolism or history of
thromboembolic disease; systemic lupus erythematosus with positive or unknown
antiphospholipid antibodies; unexplained vaginal bleeding; current or history of breast cancer;
acute liver disease or cirrhosis; benign or malignant tumor of the liver; use of rifampicin, and/or
anticonvulsants (barbiturates, phenytoin, phenobarbital, carbamazepine, oxcarbazepine,
primidone, topiramate), and/or herbal products containing St. John’s Wort (Hypericum
perforatum); > 1 sexual partner in the last 3 months; diagnosis or treatment for sexually
transmitted infection (STI) within past 30 days for her or her partner (excluding recurrent genital
herpes or condyloma); known HIV positive status for her or her partner; any condition (social or
medical) which in the opinion of the Investigator would make study participation unsafe, would
interfere with adherence to study requirements or complicate data interpretation; and BMI >

30kg/m? (excluded only from the pharmacokinetic (PK) subgroup).

3.3 Pharmacokinetics
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3.3.1 Total LNG Concentrations During up to Forty-Eight Months of Use

Among N=3769 specimens collected at month 1, 6, 12, 18, 24, 30, 36, 42, or 48 visits, 156
(4.1%) were excluded, with no difference between groups (p=1.0). Specific (possibly
overlapping) reasons for specimens being excluded include: 107 (2.8%) out of visit window; 16
(0.4%) duplicate results in the same visit window; 13 (0.3%) obtained when a participant
reported using a medication that can impact metabolism of LNG (six anticonvulsants, five
antitubercular agents, and two hormonal contraceptives); 10 (0.3%) with ethinyl estradiol (EE)

detected in the specimen. and nine (0.2%) gross outliers (=3000 pg/mL on or after month one).

Total plasma LNG concentrations in the PK population uniformly exceeded 200 pg/mL within
24 hours of implant insertion in both groups. The mean Cyax in the Sino-implant (11) and
Jadelle® group, respectively, was 833 and 962 pg/mL; mean Tnax was 5.4 and 4.3 days; and
mean AUCy.gm was 2489 and 2862 pg-months/mL. Given this was not a traditional
bioavailability trial and had less frequent sampling, the Cnax and Tmax may be somewhat

imprecise estimates.

In the Sino-implant (1) group, mean concentrations decreased from 428 pg/mL one month after
insertion to 310, 252, 220, and 205 pg/mL at months 12, 24, 36, and 48, respectively (Figure 2).
In the Jadelle® group, mean concentrations generally decreased from 453 pg/mL at month one to
314, 310, 276, and 299 pg/mL at months 12, 24, 36, and 48, respectively. The observed trend in
decreasing geometric mean ratios (GMRs) over time was significant (p<0.001) in an exploratory
test of no difference in log-linear slopes A significantly higher percentage of Sino-implant (11)

participants had total LNG concentrations below 200 pg/mL at one or more time points during

Page | 27



the first 4 years of follow-up (288 (56.0%) Sino-implant (11) versus 47 (34.6% of Jadelle users —
p<0.01). Likewise, forty-three (8.4%) Sino-implant (I1) users had total LNG concentrations
below 100 pg/mL at one or more time points during follow-up (none before month 18),

compared to one (0.7%) Jadelle® user (p<0.001).

3.3.2 SHBG and Free LNG Index (FLI) During up to Forty-Eight Months of Use

There was a rapid reduction in SHBG levels immediately following insertion of either implant
type in the PK population: from a mean of 91.5 nmol/L at baseline to a minimum of 33.9 nmol/L
at month 1 for Sino-implant (11), and from 86.7 to 32.1 nmol/L at month 3 for Jadelle®.
Combined with rising total LNG concentrations, there was a corresponding rapid increase in the
FLI, which achieved a maximum mean of 5.2 at day 7 for Sino-implant (1) and 5.1 at month 1

for Jadelle®.

SHBG levels and FLI values remained comparable between groups in the first 90 days of
implant use but diverged markedly thereafter, with significantly less SHBG suppression
(GMR=1.26; p=0.02) and lower FLI values (GMR=0.73; p<0.001) by month 6 of Sino-implant
(11) use in the As-Treated Population (Supplementary Figure 1). SHBG levels rebounded
somewhat after month 24 in both groups, but there was on average less SHBG suppression and

significantly lower FLI values through month 48 (GMR FLI=0.59; p<0.001) in the Sino-implant

(11) group.
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Supplementary Figure 1 Arithmetic mean sex hormone binding globulin (SHBG)
(diamonds; left axis) and free levonorgestrel index (FLI) (circles; right axis) during 48
months of use in women randomized to Sino-implant (11) or Jadelle® insertion (95% Cls are
shifted slightly for visibility).

100

o

a0

B0

50

FLI

SHBG (nmol/L)

40

]

30

20

10

0| @  # SHBG(SH) ¢ SHBG (Jadells) @ FLI(SHI) o FLI (Jadelle) 0

0 B 12 18 24 30 36 42 45

Maonths since insertion

PREFER COLOR

Page | 29



Declaration of interests

The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper.

CThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:

Page | 30



