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The  PEP- in- Pocke t  Prevent ion Gap
De spite  growing  in te re st  in  PEP- in- pocke t  (PIP) as a  pre ve nt ion  st ra te gy for ind ividuals who de cline  PrEP, robust  
longitudinal e vide nce  re m ains sparse . Prior t ria ls  have  be e n  sm all, and  pharm acy- base d  PrEP program s have  not  
a t te m pte d  syste m at ic longitudinal follow- up of PEP use rs.

Lim ited  Tria l Data
PEP random ized  t ria ls  have  enrolled  sm all 
cohort s  — insufficient  t o power e fficacy 
conclusions or characte rize  p re fe rence  
pat t e rns at  populat ion scale .

No Longitud inal Follow- Up
Pharm acy PrEP program s have  not  
t racked  PEP use rs ove r t im e , le aving  
crit ical gaps in  long- t e rm  behavior and  
breakthrough infect ion risk.

Key Unanswered  Quest ion
Are  breakthrough infect ions d riven by 
failure to use PEP  (behavioral)  or failure 
of PEP (pharm acolog ic)?  Trial de sign 
m ust  d ist inguish the se  m echanism s.



DESIGN 1

Counte rfactual Placebo Design
An act ive - cont rolle d  t ria l augm e nte d  by a  m ode le d  counterfactual placebo  — the  HIV incide nce  tha t  would  have  be en  
obse rve d  had  a  no- PEP arm  be e n  include d . This draws on  pre ce de nt  from  the  PURPOSE t ria ls and  sta t ist ica l m e thods 
by Gao (Statistics in Medicine , 20 25), e nabling  e fficacy e st im at ion  without  an  une th ica l p lace bo arm .

Nove l PEP Arm
Inve st iga t ional longe r- act ing  age nt ; 
HIV incide nce  t racke d  prospe ct ive ly 
ove r 2 ye ars.

SOC PEP Arm
Standard  28- day ora l PEP; act ive  
com parator be nchm ark for non-
infe riority t e st ing .

Counte rfactual Placebo
Mode le d  HIV acquisit ion  risk from  
re ce ncy data  a t  scre e ning  and  
popula t ion- le ve l e p ide m iologic 
param e te rs — no actual p lace bo 
arm  e nrolle d .

The  counte rfactual is  const ructed  from : HIV prevalence , risk of virem ic exposure  (95- 95- 95 cascade ), pe r- act  t ransm ission  
probability, and  frequency of exposure  events. Com bined  e st im ate : ~4% × ~0.08% = 3/10,000 per exposure  in  suppressed-
dom inant  populat ions.



DESIGN 1 — SAMPLE SIZE

Counte rfactual Design: Sam ple  Size  Im pact
A 2- ye ar follow- up cohort  is  powe re d  unde r: counte rfactual p lace bo ra te  of 2/100 PY , SOC PEP e fficacy of 90%  
( incide nce  0 .2/ 10 0  PY), and  a  non- infe riority m argin  of 68%. Counte rfactual augm e nta t ion  substan t ia lly re duce s 
re quire d  sam ple  size .

Design Scenario Total Follow - up (PY) Total N (2 - yr f/u) # Events (alt)

NI: SOC vs. Nove l PEP (no counte rfactual) 25,10 7 12,554 50

SOC vs. Nove l PEP with Counterfactual 7,611 3,80 6 14

SOC vs. Nove l PEP with Conservative CF 9 ,567 4,784 19

Give n  low t ransm ission  risk and  h igh  PEP e ffe ct ive ne ss, b re akthrough infe ct ions are  e xpe cte d  to re fle ct  
p rim arily failure to use PEP  ra the r than  pharm acologic fa ilure  — a  ke y in te rpre t ive  conside ra t ion  for any 
obse rve d  e ve nts.



DESIGN 2

Ze ro- Event  Tria l Design
W he n bre akthrough infe ct ions unde r e ffe ct ive  PEP are  an t icipate d  to be  e xt re m e ly rare , a  conve nt ional e ve nt - drive n  
non- infe riority t ria l be com e s ope ra t ionally im plausib le . The  near - zero event trial  sh ift s  the  infe re n t ia l goal: 
accum ulate  sufficie n t  PEP e xposure  data  to e stab lish  a  sta t ist ica lly rigorous uppe r bound on  the  infe ct ion  ra te .

Sing le  PEP Exposure  Design

N Exposures Upper 95% Bound

50 0 0 .60 % (7.2/ 10 0  PY)

1,0 0 0 0 .30 % (3.6/ 10 0  PY)

2,0 0 0 0 .15% (1.8/ 10 0  PY)

5,0 0 0 0 .0 6% (0 .7/ 10 0  PY)

10 ,0 0 0 0 .0 3% (0 .4 / 10 0  PY)

PEP Cohort  (1- Year Follow- Up)

N Enrolled Upper 95% Limit

250 1.2/ 10 0  PY

50 0 0 .6 / 10 0  PY

1,0 0 0 0 .3/ 10 0  PY

1,50 0 0 .2/ 10 0  PY

2,0 0 0 0 .15/ 10 0  PY

Enrolling  ~1,0 0 0 –2,0 0 0  part ic ipants with  one - year 
follow- up can  e stab lish  an  uppe r bound be low 0 .3/ 10 0  
PY — potent ia lly suffic ien t  to support  e fficacy claim s 
without  a  single  obse rved  infect ion .



DESIGN 3

Pragm at ic  Tria ls: PEP Com ple t ion  Rate s
A thre e - t ria l clin ica l p rogram  e valuat ing  single - dose PEP versus 28- day SOC, de signe d  to de m onst ra te  supe rior 
com ple t ion  ra te s across ke y e xposure  popula t ions. De sign: random ize d , ope n- labe l, p ragm at ic supe riority t ria ls. 
Prim ary e ndpoin t : p roport ion  com ple t ing  PEP re g im e n. Tota l N=30 0  (10 0  pe r t ria l) .

Trial 1: MSM Trial 2: Female Sexual Assault 
Survivors

Trial 3: Occupational Exposure

Exposure Re ce pt ive  anal inte rcourse Vaginal and / or anal e xposure Ne e dle st ick, b lood  sp lash, e tc .

Sample Size N=10 0  (50 / arm ) N=10 0  (50 / arm ) N=10 0  (50 / arm )

Expected LA Completion >95% >95% >95%

Expected SOC Completion 56% 50 % 65%

Power to Show Superiority >95% >95% >95%

Eve n if SOC com ple t ion  ra te s are  as h igh  as 80% , e ach  study re ta ins ~90% statistical power  to de m onst ra te  
supe riority of sing le - dose  PEP.



DESIGN 3 — TRIAL TIMELINE

Trial St ructure  & Follow- Up Schedule

Hypothesis:  Single - dose  PEP achie ve s supe rior com ple t ion  vs. 28- day SOC. The  t ria l 
follows part icipants from  Day 0  through W e e k 24  with  HIV te st ing , pharm acokine t ic , 
and  safe ty asse ssm e nts a t  ke y t im e poin ts.



DESIGN 4

P re fe rence  Tria l: Hybrid  Random izat ion & Choice
Mode le d  on  CoVPN 30 0 6 and m e ntal he alth / addict ion  t re atm e nt  pre fe re nce  t ria ls , th is  Comprehensive Cohort Design  random ize s willing  

part ic ipant s to nove l long- act ing  PEP vs. SOC PEP, while  a llowing unwilling  part ic ipant s to se lf- se le ct  the ir pre fe rre d  age nt . This unique ly e nable s 

sim ultane ous e st im at ion  of t re atm e nt , se le ct ion , and pre fe re nce  e ffe ct s.

Pa th  1: No Pre fe re nce  (Random ize d)

Unde cide d  part ic ipant s are  randomized  to  

SOC or long- act ing  PEP. Unwillingne ss to be  

random ize d is  not  an  e xclusion  crit e rion .

Path  2: Long- Act ing  PEP (Choice )

Part ic ipant  act ive ly se le ct s the  nove l longe r-

act ing  PEP form ulat ion . Drug le ve ls asse sse d  

at  we e ks 2, 4 , and  6 .

Pa th  3: SOC PEP (Choice )

Part ic ipant  act ive ly se le ct s st andard  28- day 

oral post - e xposure  prophylaxis base d  on  

pe rsonal pre fe re nce .



Comprehensive Cohort Design
C o m b i n i n g  r a n d o m i z e d  &  o b s e r v a t i o n a l  a r m s  w i t h i n  a  s i n g l e  t r i a l

(Schm oor e t a l 
1996)

Eligible Population

Preference Assessment 
for RCT

Accepts Randomization Refuses Randomization

Intervention A (SOC)
Randomized

Intervention B (EXP)
Randomized

Choice of A or B or not

Follow and Assess Shared Outcome



Com paring  All Four Design  Approaches
Each design  addre sse s a  d ist inct  eviden t iary need  — from  e fficacy e st im at ion  to adhe rence  supe riority and  rea l- world  pre fe rence . The  tab le  be low sum m arize s the  key t rade -
offs.

Design Strengths (Pros) Limitations (Cons) Best Suited For

Design 1: Counterfactual Placebo Avoids une th ica l p lacebo arm ; reduces 
sam ple  size  ~3× vs. standard  act ive -
cont rol; enable s absolute  e fficacy 
e st im at ion  of each  agent

Re lie s on  m ode led  assum pt ions for 
counte rfactua l; va lid ity depends on  
accuracy of ep idem iologic param e te rs; 
com plex sta t ist ica l m e thodology

Com para t ive  e fficacy of nove l vs. SOC 
PEP whe re  p lacebo is une th ica l

Design 2: Zero- Event Trial Feasib le  when  in fect ions are  ext rem e ly 
rare ; p rovides regula tory- grade  upper 
bound; no obse rved  events required

Cannot  dem onst ra te  supe riority or non-
infe riority d irect ly; uppe r bound  m ay not  
sa t isfy a ll regula tory bodie s; no 
com para t ive  arm

Safe ty/ e fficacy evidence  accum ula t ion  
for h igh ly e ffect ive  PEP in  low- incidence  
se t t ings

Design 3: Pragmatic Completion 
Trials

Direct ly addre sse s the  behaviora l 
adhe rence  gap ; h igh  power with  sm all 
N=10 0 / t ria l; cove rs th ree  key exposure  
popula t ions

Does not  m easure  HIV e fficacy; open-
labe l de sign  in t roduces pe rform ance  
b ias; com ple t ion  ≠ e ffect iveness

Dem onst ra t ing  sing le - dose  PEP 
supe riority on  adhe rence  across MSM, 
sexual assault , and  occupat ional cohort s

Design 4: 
Preference/Comprehensive 
Cohort

Capture s rea l- world  t rea tm ent  
se lect ion ; e st im ate s p re fe rence , 
se lect ion , and  t rea tm ent  e ffects 
sim ultaneously; m axim izes enrollm ent  
by includ ing  non- random izable  
part icipan ts

Pre fe rence  cohort s m ay be  confounded; 
m ore  com plex analysis; re sult s m ay be  
harde r to in te rpre t  for regula tory 
purposes

Im plem enta t ion  science ; unde rstanding  
who chooses which  PEP and  why in  rea l-
world  se t t ings
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