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a b s t r a c t 

Objectives: To identify the lowest dose of Depo-Provera that, when administered off-label subcutaneously, 

suppressed ovulation and had a pharmacokinetic profile consistent with a 4-month contraceptive effect. 

Study Design: We conducted a randomized, multicenter, parallel-group study to evaluate the pharma- 

cokinetics (PK) and pharmacodynamics (PD) of medroxyprogesterone acetate (MPA) after subcutaneous 

injection of three different doses of Depo-Provera. We randomized sixty women between 18 and 40 years 

of age at low risk of pregnancy with confirmed ovulation and body mass index of 18 to 35 kg/m 

2 to re- 

ceive a single injection of 45, 75 or 105 mg of Depo-Provera, or a single injection of Depo-subQ provera 

104 as a reference drug (15 women per group) and followed them for 7.5 months. We evaluated suppres- 

sion of ovulation as the primary outcome, and MPA concentrations, pharmacokinetic parameters, safety, 

and local tolerability as secondary outcomes. 

Results: Five women ovulated within four months of treatment initiation (three in the 45 mg group 

and two in the 75 mg group). MPA levels associated with ovulation were in general low, largely ≤ 0.2 

ng/mL (the presumed contraceptive threshold). No women in either the 105 mg group or the Depo-subQ 

provera 104 group ovulated within four months. The PK parameters including C max , C 119 , and AUC 0 −119 for 

these 2 groups were similar but not equivalent. 

Conclusion: A dose of 105 mg of Depo-Provera injected subcutaneously was the lowest tested dose 

that consistently suppressed ovulation and maintained serum MPA levels consistent with contraceptive 

effect for at least 4 months. The PK and PD results for the 105 mg dose were similar to Depo-subQ 

provera 104 over this period. 

© 2021 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

A

p

c

t

d

A

f

h

2

✩ ✰ Declaration of Competing Interest : We declare no conflict of interest. 
✩✩ ✰✰ Funding : This work was made possible by the generous support of the 

merican people through the U.S. Agency for International Development (USAID), 

rovided to FHI 360 through Cooperative Agreement AID-OAA-A-15–0 0 045. The 

ontents are the responsibility of FHI 360 and do not necessarily reflect the views of 

he USAID or the United States Government. The funder was not involved in study 

esign, data collection, data analysis, data interpretation, or writing of the report. 

ll authors had full access to all the data in the study and had final responsibility 

or the decision to submit for publication. 
∗ Corresponding author. 

E-mail address: vhalpern@fhi360.org (V. Halpern). 

I

 

c  

p  

m  

a

1

 

(  

(  

ttps://doi.org/10.1016/j.conx.2021.10 0 070 

590-1516/ © 2021 The Authors. Published by Elsevier Inc. This is an open access article un
mplications 

Depo-subQ provera 104 and Sayana Press may provide effective

ontraception for 4 months. A direct comparison of the PK and PD

rofiles of Depo-subQ provera 104 and 105 mg of Depo-Provera ad-

inistered subcutaneously opens the possibility of developing an

lternative lower-cost subcutaneous MPA injectable. 

. Introduction 

Three-month Depo-Provera (medroxyprogesterone acetate

MPA) injectable suspension, 150 mg/mL) for intramuscular use

hereinafter referred to as Depo-Provera) and its generic alterna-
der the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ives have been used by millions of women worldwide for decades

1] . More recently, Pfizer, Inc. (New York City, NY, USA) developed

 lower-dose MPA injectable suspension (104 mg/0.65 mL) for

ubcutaneous administration. This product is available in a pre-

lled glass syringe (depo-subQ provera 104, hereinafter referred to

s Depo-subQ 104) and in a pre-filled, single-dose, non-reusable

ubcutaneous injection system (Sayana Press). Sayana Press is

pproved in the European Union and approximately 24 countries

orldwide, and is currently undergoing global introduction in

ow- and middle-income countries supported by multiple donors

 2 , 3 ]. Currently, there are no generic alternatives to the 104 mg

ubcutaneous formulation. 

Despite the 30% lower drug dose load compared to intramuscu-

ar Depo-Provera, the subcutaneous 104 mg formulation is still as-

ociated with side effects some of which are dose-dependent (e.g.,

eight change, reduced bone mineral density (BMD), amenorrhea,

elayed return to ovulation) [ 4 , 5 ]. Therefore, further lowering the

ose of MPA is a desirable goal supported by ample clinical evi-

ence. Phase 3 trials observed zero pregnancies among over 20 0 0

omen using Depo-SubQ 104 for up to 1 year [ 6 , 7 ]. This high effi-

acy is consistent with the existing pharmacokinetic (PK) and phar-

acodynamic (PD) data. Among 68 subjects who received a single

njection of Depo-subQ 104 or Sayana Press, none showed ovar-

an activity during Days 93 to 150 [8] . In the dose-finding study

f Depo-Provera administered subcutaneously leading to the de-

elopment of Depo-subQ 104 [9] , both the 50 and 75 mg doses

uppressed ovulation and maintained MPA concentrations at or

bove 0.2 ng/mL, the level presumed necessary to exert a consis-

ent contraceptive effect [10] , for at least three months. Based on

hese findings, we hypothesized that subcutaneous administration

f Depo-Provera at a dose lower than 104 mg may be effective for

hree months, which could noticeably lower MPA exposure com-

ared to current subcutaneous and intramuscular regimens. 

We conducted a PK/PD study of 45, 75, and 105 mg of Depo-

rovera injected subcutaneously (off-label) to determine whether

 lower dose would suppress ovulation and have a PK profile con-

istent with a contraceptive effect for four months (three months

f use followed by a 1-month grace period for re-injection). 

. Materials and methods 

.1. Study design and participants 

We conducted a four-arm randomized partially blinded parallel-

roup study (clinicaltrials.gov no: NCT02732418) at three investi-

ational centers: Biomedical Research Department at PROFAMILIA

Santo Domingo, Dominican Republic), Family Planning clinic, De-

artment of Obstetrics and Gynecology, School of Medicine, Uni-

ersity of Campinas (Campinas, Brazil), and Instituto Chileno de

edicina Reproductiva (ICMER) (Santiago, Chile) between Novem-

er 2016 and May 2018. FHI 360 ′ s Protection of Human Subjects

ommittee and Institutional Review Boards of participating centers

pproved the study. All participants gave written informed consent

efore entering the study. 

We enrolled 60 non-pregnant women between 18 and 40 years

f age, with regular menstrual cycles, at low risk of pregnancy (us-

ng permanent contraception or a copper intrauterine device (IUD))

nd with a body mass index (BMI) of 18 to 35 kg/m 

2 . We con-

rmed ovulation in all women prior to enrollment by two consec-

tive progesterone (P) measurements ≥ 4.7 ng/mL obtained within

ve days during the two to three weeks preceding menses [11] . We

xcluded women who had medical contraindications or were aller-

ic to MPA, were recently pregnant (within 3 months), had used

ny hormonal contraceptives in a month prior to enrollment, had

sed MPA injectables in the last 12 months or monthly injectables

n the last 6 months. 
We randomized participants using a 1:1:1:1 allocation ratio to

eceive a single injection of one of three doses of Depo-Provera

150 mg/mL): 45 mg/0.3 mL (45 mg group), 75 mg/0.5 mL (75 mg

roup) or 105 mg/0.7 mL (105 mg group), or of Depo-subQ 104

104 mg/0.65 mL; reference group). We generated the randomiza-

ion sequence, stratified by investigational site with a block size

f 4, using SAS/STAT software, and concealed treatment allocation

sing sequentially numbered opaque randomization envelopes. 

The study was not fully blinded due to differences in volume

nd packaging of the study drugs. To minimize potential bias, clin-

cal staff prepared the syringes and administered injections out-

ide the view of the participant. Staff involved in randomization

nd administering injections were not involved in assessment of

tudy outcomes. All other research staff and laboratory personnel

emained blinded to treatment assignments throughout the study. 

.2. Procedures 

We administered all injections in the abdomen within the first

 days of the menstrual cycle. We followed the subcutaneous injec-

ion technique recommended by Pfizer [4] . To maintain the same

epth of injection in all study groups, we administered Depo-

rovera through a 26-gage 3/8-inch needle, the needle size pro-

ided with the prefilled Depo-subQ 104 syringe. We measured

lood pressure (BP), height and weight, and collected blood sam-

les for MPA, P, and estradiol (E2) prior to injection. 

We monitored participants for 7.5 months (224 days) after the

njection. We defined the “Month 4 ′′ timepoint as 119 days af-

er treatment initiation. We measured serum P and E2 on Days 3

nd 7, and then weekly through Week 9. Starting in Week 10, we

erformed transvaginal sonography (TVS), and measured P and E2

ntil ovulation or Month 7.5, whichever was earlier, following an

lgorithm designed to increase the likelihood of detecting follicle

upture (supplemental Figure S2). We measured serum MPA levels

n Days 1, 3, 7, 10, 14, 21, 28, 35, 42; then at Weeks 8, 10, 12, 13,

5, 17, 19, 21, 23, 25, 26, 28, 30, and 32. We evaluated study par-

icipants for weight, BP, adverse events (AEs), concomitant medica-

ion use, bleeding patterns, and acceptability throughout the study.

.3. Outcomes 

Our primary PD endpoint was time to ovulation where ovula-

ion was defined as rupture of the lead follicle followed by a single

levated P ≥ 4.7 ng/mL, or a single elevated P of ≥ 4.7 ng/mL in

he absence of an ultrasound result. We formulated our definition

f ovulation based on the approach previously used in PK/PD stud-

es of Depo-subQ 104 based on a single elevated P of ≥ 4.7 ng/mL

ombined with Hoogland Scores, a commonly used classification of

varian function [ 10 , 12 , 13 ]. 

To reduce inter-observer variability, a single technician at each

nvestigational site performed TVS using a 6.5-MHz vaginal trans-

ucer with a real-time scanner (Toshiba Ultrasound System Nemio

X, or similar equipment). We defined a lead (or dominant) fol-

icle as a follicle with the mean diameter of 12 mm or more, and

ollicle rupture as abrupt disappearance or a reduction in size of

t least 50% of the echo image of the lead follicle compared to

he previous exam. Transvaginal sonography was scheduled weekly

tarting at Week 10, and then biweekly after a follicle ≥15 mm was

etected (supplemental Figure S2). Previous research demonstrated

hat the biweekly schedule was sufficient to reliably detect the fol-

icle rupture [ 14 , 15 ]. We assessed various supportive PD parame-

ers, including duration of the luteal phase, maximum ovulatory

 concentration, confirmatory measurement of P within 5 days of

he initial elevated result, and quality of cervical mucus in women

ith follicular development. The supportive data will be described

n a separate publication. 
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Secondary PK outcomes included the maximum serum MPA

oncentration (C max ), time to C max (T max ), drug concentrations on

ays 91 (C 91 ) and 119 (C 119 ), area under the concentration-time

rofile (AUC) through day 91 (AUC 0–91 ), day 119 (AUC 0–119 ), and ex-

rapolated to infinity (AUC 0- ∞ 

), and the apparent terminal half-life.

MPA was assayed centrally by PPD Development (PPD; Rich-

ond, VA, USA). After collection, sites stored serum samples at

20 °C and sent them to PPD in batches. PPD confirmed long-term

tability of MPA samples at −20 °C (proprietary data on file). The

PD MPA assay is a proprietary validated method that uses sen-

itive and selective high-performance liquid chromatography cou-

led with mass spectrometry (HPLC/MS). The nominal range of

PA was 0.02 to 5.00 ng/mL. Correlation coefficients were all

 0.997, and inter-assay accuracy was 92.3% to 99.2%, with intra-

ssay accuracy between 97.8% to 100%. Local accredited labora-

ories measured serum E2 and P concentrations. The laboratory

n the Dominican Republic used an electrochemiluminescence im-

unoassay (Roche Elecsys 2010) with sensitivities of 12 pg/mL

nd 0.15 ng/mL, respectively, and interassay coefficients of varia-

ion (CVs) of 4.3%-9.9% for E2 and 3.7%-5.5% for P. The laboratory

n Chile measured E2 and P concentrations by an electrochemilu-

inescence immunoassay (Roche Cobas) with sensitivities of 5.0

g/mL and 0.05 ng/mL, respectively, and interassay CVs of 3.9% to

.6% for E2 and 3.3% to 8.2% for P. The laboratory in Brazil mea-

ured E2 and P concentrations by electrochemiluminescence im-

unoassay (Siemens Advia Centaur) with sensitivities of 18 pmol/L

nd 0.1 nmol/L, respectively, and interassay CVs of 2.3% to 6.2% for

2 and 0.9% to 2.0% for P. 

We assessed safety throughout the study by monitoring BP,

ulse, weight, circulating levels of E2, use of concomitant med-

cations, bleeding pattern, occurrence of AEs, and injections site

eactions (ISRs). We asked questions about bleeding and spotting

t Months 3 and 7.5 including but not limited to the date of last

leeding and a description of bleeding/spotting pattern since last

isit, how acceptable bleeding patterns were and whether partici-

ants would use this method outside this study. 

.4. Statistical analysis 

Based on similar PK/PD studies [ 9 , 13 ], we considered the target

ample size of 15 women in each group sufficient to provide mean-

ngful insights into the distributions of PK and PD outcomes, and

o inform the selection of a dose for potential efficacy studies. The

D and PK analyses were performed on the primary evaluable pop-

lation that excluded participants with detectable MPA at baseline

 > 5% of a participant’s C max ) or with major protocol violations at

nrollment that could interfere with interpretation of the PK and

D data. These analyses also excluded time after a participant ini-

iated use of any medications known to impact PK or PD of MPA. 

We summarized demographic and baseline characteristics de-

criptively by treatment group and site. We explored overall dif-

erences across sites using analysis of variance for continuous

ariables and Fisher’s Exact tests for categorical variables. We

stimated the cumulative probability of return to ovulation in

ach treatment group through Month 7.5 from treatment initia-

ion based on the Kaplan-Meier product-limit method, with 95%

onfidence intervals (CI) derived using the complementary log-log

ransformation. 

We estimated PK parameters for each participant based on non-

ompartmental analysis implemented using a validated SAS macro.

e calculated AUC values using the linear/log trapezoidal rule and

mputed any missing concentrations for target times within the

ange of data using the two specimens collected closest in time

o the target date. If the missing concentration fell after a partic-

pant’s discontinuation or after the first value below the limit of

uantification, we imputed the value using the estimated termi-
al phase rate constant. The calculation for terminal half-life ex-

luded any specimens obtained on or after the first occurrence of

 value below the limit of quantification. We calculated geomet-

ic means (GMs) and percent coefficients of variation by treatment

roup for each PK parameter. We used GM ratios with 90% CI to

ompare the Depo-Provera and reference groups, but we did no

ormal bioequivalence hypothesis tests. We summarized GM MPA

oncentrations graphically. We also summarized select PK parame-

ers by treatment group, site, BMI, and age and exploratorily as-

essed for significance using analysis of covariance. All analyses

ere conducted using SAS/STAT software, Version 9.4 of the SAS

ystem for Windows. 

. Results 

.1. Demographic and baseline characteristics 

We screened 72 healthy women and randomized 60 (83.3%) to

ne of four study groups (15 women per group). Most participants

 n = 54, 90.0%) completed the study ( Fig. 1 ). We censored three

omen in the 75 mg group due to detectable MPA at baseline and

ne woman (0.6 women-years) from the primary analysis due to

he use of prohibited medication. 

There were no meaningful differences between the treatment

roups in the demographic and baseline characteristics ( Table 1 ).

edian age was 33 (range: 22 – 40). Median weight and BMI were

8.1 kg and 26.9 kg/m 

2 , respectively. Approximately half of women

53%) used permanent contraception, and the rest used a copper

UD. 

There were differences in demographic and baseline character-

stics across the sites, some of them significant (supplemental Ta-

le S1). Participants in Brazil were on average older and heavier.

ll participants in the Dominican Republic were either black or

iracial, with 9.5 median years of education while all participants

n Chile were white, with 13 median years of education. All par-

icipants in the Dominican Republic used permanent contraception

hile majority in Chile and Brazil were using a copper IUD. 

.2. Pharmacodynamics 

During the first four months post-injection, 3/15 (20%), 2/12

16.7%), 0/15 (0%) women ovulated in the 45 mg, 75 mg, and 105

g groups, respectively. Two women in the 45 mg group ovulated

nce (on Days 42 and 70, respectively), and one ovulated twice (on

ays 7 and 36). The latter participant’s injection may have been

istimed (administered too late in the cycle to suppress ovulation)

s her E2 level on the day of injection of 163.7 pg/mL was incon-

istent with the early follicular phase. Three of the 4 ovulations

n the 45 mg group (on Days 7, 36 and 42) were characterized by

levated P only (i.e., no rupture of the lead follicle) because TVS

as not routinely performed until Week 10 (supplemental Figure

2). In the 75 mg group, one woman ovulated on Days 56 and 81,

nd the second one on Days 14 and 104. Only the second ovulation

n each woman was characterized by both the rupture of the lead

ollicle and elevated P, again because of the timing of initiation

f routine TVS. The cumulative probability of ovulation through

onth 4 was 0.2 (95% CI 0.07, 0.50) and 0.18 (95% CI 0.05, 0.55)

n the 45 mg and 75 mg groups, respectively ( Fig. 2 ). 

Ten women in the 45 mg group, 3 in the 75 mg group and 3 in

he 105 mg group ovulated between Month 4 and the end of the

tudy. No participants in the reference group ovulated during the

tudy. 
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Fig. 1. Participant Disposition. 
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.3. Pharmacokinetics 

MPA remained largely ≤ 0.2 ng/mL for most of follow-up pe-

iod in three women who ovulated during the first 4 months

ost-injection in the 45 mg group. The MPA concentration never

eached 0.2 ng/mL in one woman, and barely crossed that level in

he other two. In both women in the 75 mg group who ovulated

uring the first four months post-injection, MPA was consistently

 0.2 ng/mL after Month 2, and in one of the 2 women MPA did

ot reach the contraceptive threshold of 0.2 ng/mL until Day 27. At

ay 119 (4 months), 12 (85.7%) and 4 (40%) participants had MPA

oncentrations below 0.2 ng/mL in the 45 mg and 75 mg groups,

espectively. 

We calculated GM MPA concentrations for all four study groups

hrough 7.5 months of treatment ( Fig. 3 and Table 2 ). The GM C max 

ncreased with dose, from 0.40 ng/mL in the 45 mg group to 0.87

g/mL in the 105 mg group. Similarly, the GM C 119 and AUC 0–119 

ncreased with dose, from 0.12 ng/mL and 21.2 days ∗ng/mL in the
5 mg group to 0.29 ng/mL and 52.0 days ∗ng/mL in the 105 mg

roup ( Table 2 ). 

The PK profiles of 105 mg of Depo-Provera and Depo-subQ 104

ere similar albeit not equivalent during the first four months

fter the injection, with GM ratios (90% CI) for C max , C 119, and

UC 0–119 of 1.07 (0.83, 1.39), 0.93 (0.69, 1.24), and 0.95 (0.79, 1.16),

espectively. At Day 119, 14.3% (2/14) and 15.4% (2/13) participants

ad MPA concentrations below 0.2 ng/mL in the 105 mg and ref-

rence groups, respectively. After Day 119, however, MPA concen-

rations generally declined more rapidly in the 105 mg group com-

ared to Depo-SubQ 104, resulting in a GM ratio AUC 0-inf of 0.82

0.68, 0.99). 

The observed individual MPA levels when ovulation returned

cross participants in all treatment groups ranged between 0.020

below the limit of detection) and 0.188 ng/mL, with a median

alue of 0.060. Study site and BMI had significant impact on key

K parameters (all p -values ≤ 0.02) when assessed in a model ad-

usting for treatment group, site, BMI, and age, with participants
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Fig. 2. Kaplan-Meier estimates of cumulative probabilities of return to ovulation, with 95% confidence intervals and numbers at risk below the x-axis. Median times to 

ovulation for the 45 mg and 75 mg groups were 170 and 226 days, respectively. Medians for the 105 mg and Depo-subQ 104 groups were not estimable due to the small 

number of ovulations in those groups. Reference line indicates Month 4 of follow-up. 

Fig. 3. Geometric Mean MPA Concentrations with 95% CIs (shifted slightly for visibility). Horizontal reference line at 0.2 ng/mL is the presumed MPA threshold required to 

exert consistent contraceptive effect, and vertical reference line indicates Month 4 of follow-up. 
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Table 1 

Demographic and baseline characteristics by treatment group. 

45 mg ( n = 15) 75 mg ( n = 12) a 105 mg ( n = 15) Depo-subQ 104 ( n = 15) Overall ( N = 57) 

Age at Baseline (years) 

Median (Min to Max) 30.0 (22 – 40) 34.5 (27 – 40) 33.0 (24 – 39) 36.0 (22 – 39) 33.0 (22 – 40) 

Cohabitation Status: N (%) 

Married/cohabitating 9 (60.0) 10 (83.3) 13 (86.7) 12 (80.0) 44 (77.2) 

Single 6 (40.0) 1 (8.3) 1 (6.7) 3 (20.0) 11 (19.3) 

Divorced 0 (0.0) 1 (8.3) 1 (6.7) 0 (0.0) 2 (3.5) 

Education (years) 

Median (Min to Max) 11.0 (4 – 16) 12.0 (1 – 18) 12.0 (8 – 16) 12.0 (3 – 17) 12.0 (1 – 18) 

Race: N (%) 

White 8 (53.3) 6 (50.0) 8 (53.3) 8 (53.3) 30 (52.6) 

Black or African American 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0) 1 (1.8) 

Biracial 7 (46.7) 6 (50.0) 6 (40.0) 7 (46.7) 26 (45.6) 

Weight (kg) 

Median (Min to Max) 71.9 (48 – 100) 68.6 (46 – 84) 68.7 (56 – 86) 65.0 (46 – 95) 68.1 (46 – 100) 

BMI (kg/m 

2 ): N (%) 

< 25 5 (33.3) 3 (25.0) 2 (13.3) 9 (60.0) 19 (33.3) 

25–29 6 (40.0) 5 (41.7) 10 (66.7) 3 (20.0) 24 (42.1) 

≥ 30 4 (26.7) 4 (33.3) 3 (20.0) 3 (20.0) 14 (24.6) 

Median (Min to Max) 26.8 (19 – 34) 27.1 (20 – 33) 27.2 (23 – 33) 24.8 (19 – 34) 26.9 (19 – 34) 

Ever pregnant: N (%) 

No 2 (13.3) 0 (0.0) 0 (0.0) 2 (13.3) 4 (7.0) 

Yes 13 (86.7) 12 (100) 15 (100) 13 (86.7) 53 (93.0) 

Contraceptive methods 

used in the past b : N (%) 

Oral contraceptives 11 (73.3) 5 (41.7) 10 (66.7) 11 (73.3) 37 (64.9) 

Non-hormonal IUD 4 (26.7) 4 (33.3) 4 (26.7) 4 (26.7) 16 (28.1) 

Depo-Povera 6 (40.0) 5 (41.7) 3 (20.0) 4 (26.7) 18 (31.6) 

Combined injectable 3 (20.0) 4 (33.3) 2 (13.3) 3 (20.0) 12 (21.1) 

Condoms 9 (60.0) 5 (41.7) 6 (40.0) 9 (60.0) 29 (50.9) 

Contraceptive method 

using currently: N (%) 

Permanent contraception 7 (46.7) 8 (66.7) 8 (53.3) 8 (53.3) 31 (54.4) 

Copper IUD 8 (53.3) 4 (33.3) 7 (46.7) 7 (46.7) 26 (45.6) 

a Excludes data from three women due to elevated MPA levels at baseline. 
b Only methods reported by at least 20% of participants. Multiple responses may apply. 

Table 2 

Geometric mean (GM) and percent coefficient of variation (%CV) of MPA PK parameter estimates by treatment group. 

45mg 75mg 105mg Depo-subQ 104 

N GM (%CV) n GM (%CV) N GM (%CV) n GM (%CV) 

C max 15 0.40 (73.5) 12 0.60 (68.1) 15 0.87 (44.0) 15 0.81 (48.0) 

T max 15 4.2 (152.2) 12 4.9 (214.5) 15 14.2 (128.2) 15 16.7 (84.6) 

C 91 15 0.13 (41.9) 10 0.23 (45.1) 15 0.36 (50.9) 15 0.39 (29.7) 

C 119 14 0.12 (48.8) 10 0.21 (38.5) 14 0.29 (43.7) 13 0.31 (27.7) 

AUC 0–91 15 17.8 (37.1) 11 26.0 (44.2) 15 43.2 (29.3) 15 44.6 (28.8) 

AUC 0–119 15 21.2 (35.2) 11 32.6 (44.1) 15 52.0 (29.1) 15 54.5 (26.5) 

AUC 0-inf 15 36.0 (26.8) 10 59.8 (31.3) 14 81.3 (30.4) 15 99.6 (24.0) 

Half-life 15 72.9 (56.6) 10 67.4 (75.6) 14 47.1 (74.6) 15 69.2 (71.3) 

AUC 0- x , area under the concentration-time curve (days ∗ng/mL) from day 0 to day x; half-life (days); C max , maximum concentration; T max , 

time (days) of maximum concentration, C x = concentration (ng/mL) at day x. 
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c  
t the Chile site and participants with lower BMI generally having

arger estimated PK values (supplemental Table S2). Age did not

ave a significant impact on PK (all p -values ≥ 0.09). 

.4. Safety and acceptability 

Injection site reactions were infrequent. Five participants re-

orted minor ISRs (e.g., pain, redness, itching) that all resolved

ithin 7 days after occurrence. The mean highest E2 concentra-

ions measured in 30-day intervals increased from ∼ 50 pg/mL at

aseline (Day 0) to 300 pg/mL in the first month post-injection

n the 45 mg and 75 mg groups and remained in the 20 0–40 0

g/mL range for the duration of the study. Estradiol levels in the

05 mg and Depo-subQ 104 groups remained below 200 pg/mL

or at least three months post-injection but increased in the sub-

equent months (supplemental Figure S1). 

At least 75% of the participants in all treatment groups expe-

ienced disrupted bleeding patterns (mainly spotting and irregu-
ar bleeding) at Month 3 with no substantial difference between

roups. More participants in the 45 mg and 75 mg groups reported

aving regular bleeding at Month 7.5 (at least 40%) compared to

he higher dose groups (less than 30%; supplemental Table S3).

otwithstanding bleeding irregularities, at the end of the study at

east 50% of participants in each group found their bleeding pat-

ern acceptable and would use this method for contraception out-

ide the study. 

. Discussion 

A single subcutaneous injection of 45 mg and 75 mg of Depo-

rovera in our study did not achieve consistent suppression of ovu-

ation over the first 4 months following injection. The MPA levels

n all women that ovulated during this period were in general low,

emaining largely ≤0.2 ng/mL. We observed somewhat different

K and PD results than reported in the dose-range finding study

onducted by Pfizer [9] . While this could be due to chance, sev-



V. Halpern, R. Fuchs, V. Brache et al. / Contraception: X 3 (2021) 10 0 070 7 

e  

s  

w  

t  

s  

c  

l  

h  

t  

P  

(

 

e  

m  

h  

m  

t

 

D  

D  

e  

l  

p  

p  

fi  

1  

s  

a  

t  

o

 

p  

g  

s  

t  

H  

p  

s  

o  

o  

i  

e  

b  

4  

o  

t

 

s  

s  

b  

a  

t  

d  

d  

s  

d  

b  

c  

d  

a

 

h  

t  

l  

t  

i  

f  

b  

m  

c  

c  

c  

4  

[

 

D  

m  

a

A

 

P  

I  

c  

i

D

 

m  

a

S

 

f

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

 

ral factors could have contributed to actual effects. Pfizer used

aline-diluted Depo-Provera to obtain the 50 mg dose in 0.5 mL,

hereas we used 0.3 mL of undiluted 150 mg/mL Depo-Provera

o obtain the 45 mg dose. Higher concentration formulations and

maller injection volumes are known to reduce maximum plasma

oncentrations and delay absorption for some drugs [16] . Different

ength of the needle, injection technique, or site of injection could

ave played a role as well. Regardless, subcutaneous administra-

ion of 45 and 75 mg Depo-Provera proved insufficient to yield a

K/PD response consistent with a contraceptive effect for 4 months

3 months of use plus a 1-month grace period for re-injection). 

A subcutaneous dose of 105 mg of Depo-Provera was the low-

st dose in our study that effectively suppressed ovulation for 4

onths. From a PK perspective, only 4 participants in this group

ad MPA concentrations < 0.2 ng/mL at any point in the first 4

onths of treatment and only 2 participants had MPA concentra-

ions < 0.2 ng/mL on Day 119 (Month 4). 

The PK profile associated with a single injection of 105 mg

epo-Provera administered subcutaneously was similar to that of

epo-subQ 104 for 4 months. However, between Month 4 and the

nd of the study, MPA levels in the 105 mg group were generally

ower than in the reference group. Consistent with this finding, 3

articipants ovulated in the 105 mg group over this period, com-

ared to none in the Depo-subQ 104 group. In response to these

ndings, we assessed expelled volume from 6 pre-filled Depo-subQ

04 syringes and found volumes 5% to 10% higher in a laboratory

etting than the nominal 0.65 mL (data on file). If this held true in

 clinical site setting, the slightly larger dose expelled could poten-

ially explain the observed differences in the PK and PD responses

f the 105 mg and reference groups beyond Month 4. 

Many side effects of MPA-containing injectables are dose de-

endent, including the effect on BMD that is related to hypoestro-

enism due to the suppressed ovarian E2 production [17] . In our

tudy lower doses of MPA led to higher circulating levels of E2

hat could potentially lead to decreased adverse impact on BMD.

igher doses of MPA, as expected, led to a more profound sup-

ression of the ovarian activity in the first 3 months. However, the

ubsequent increase of E2 levels could result in a fuller recovery

f the ovarian function between re-injections and lower the risk

f hypoestrogenism if re-injection interval is extended. These find-

ngs provide support for alternative strategies to lower overall MPA

xposure and potentially improve the safety profile of MPA injecta-

les, such as administering Sayana Press 3 times a year instead of

 (clinicaltrials.gov no: NCT03154125) and administering 150 mg

f Depo-Provera subcutaneously twice a year for a 6-month pro-

ection [18] . 

Our study has limitations. To reduce variability of MPA mea-

ures, we limited BMI to 35 kg/m 

2 and used the abdomen as a

ingle injection site. Whether our results are generalizable to a

roader population and for other sites of injection is unclear. In

ddition, the modest sample size was not designed to make defini-

ive conclusions regarding efficacy or comparative PK without ad-

itional studies. Finally, the unblinded nature of the study intro-

uced the possibility of bias. But the objective nature of the main

tudy outcomes and the fact that the laboratory personnel con-

ucting assessments were blinded mitigated potential impact of

ias on validity of the study results. Strengths of this study in-

lude a randomized design, a robust PD algorithm for the ovulation

etection based on both hormonal and ultrasound measurements,

nd excellent retention rates at all 3 sites. 

Our study has important potential programmatic and public

ealth implications. These results support previous conclusions

hat Depo-subQ 104 may be effective for at least 4 months [9] , and

end further justification for the clinical trial evaluating contracep-

ive effectiveness of Sayana Press administered 3 times a year (clin-

caltrials.gov no: NCT03154125). Extending the re-injection interval
rom 3 to 4 months would reduce MPA exposure by 25%, possi-

ly improve dose-dependent side effects, and decrease program-

atic costs, thereby facilitating access to Sayana Press in resource-

onstrained settings. While the value and feasibility of seeking to

hange the duration of action from 3 to 4 months requires careful

onsideration, extending the grace period for re-injection from 1 to

 weeks in the label would be a valuable programmatic attribute

19] . 

Lastly, our data demonstrating similar PK and PD profiles of

epo-subQ 104 and 105 mg of Depo-Provera during the first 4

onths of treatment suggest a product development path for an

lternative lower-cost subcutaneous MPA injectable. 
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