Supplementary Table S1. Characteristics of biomarker-guided trials

Author Reference | Study type | Disease/Health Treatment types Treatment Biomarker(s) Role of How was biomarker used Methods to Dynamic treatment strategies?
condition compared name(s) measured biomarker(s) | to guide control for
confounding
Admon et al. [59] Methods Hypoxemia Endotracheal Positive-pressure | SpO2 (oxygen Determine Excluded individuals with Propensity No, static interventions
intubation ventilation with a | saturation, %) trial SpO2 <90% to distinguish score matching | compared (assignment to
(critical care bag-mask device BMI (Kg/m?2), eligibility preventive from rescue (PSM), positive-pressure ventilation
medicine) (modified rapid FiO2 (fraction of positive-pressure coarsened exact | versus no ventilation).
sequence inspired oxygen, ventilation. matching
intubation, RSI) %)
versus
Aubert et al. [14] Application | Hypertension Antihypertensives | Angiotensin Systolic blood Determine Included individuals with Inverse No, static interventions
converting pressure (SBP, trial baseline SBP 2130 mmHg to | probability compared (assignment to new
enzyme inhibitor | mmHg) eligibility observe treatment weighting medication versus maximising
(ACEI), beta intensification under new within a dose).
blockers, calcium American Heart marginal
channel blockers Association/American structural
College of Cardiology model (IPW-
(AHA/ACC) targets [14]. MSM)
Boyne et al [19] Application | Pancreatic cancer Chemotherapy FOLFIRINOX, Haemoglobin Determine Patients were eligible if they | Clone-censor- No, static interventions
(anti-cancer) gemcitabine and (g/L), platelet trial met specific laboratory weighting compared (initiation of
nab-paclitaxel count (L), white eligibility criteria at diagnosis or FOLFIRINOX versus initiation
(GN) blood cell count within 30 days, including of GN within 8 weeks of
(g/L), serum haemoglobin > 80 g/L, diagnosis).
creatinine platelet count > 100 x 10°/L,
(umol/L) white blood cell count > 4.0
g/L, and serum creatinine
<100 pumol/L. If these
measures were not met
initially, patients could still
participate once they
achieved these levels within
8 weeks post-diagnosis.
Cain et al. [20] Application | Human Antiretrovirals Protease inhibitor | HIV1-RNA Determine Eligibility for the trial Clone-censor- Yes, adjusts antiretroviral
Immunodeficiency (PI), nucleoside (copies/mL), trial requires viral suppression weighting, treatment based on HIV-1 RNA
Virus (HIV) reverse CD4 cell count eligibility (HIV-1 RNA <200 copies/ml | IPW-MSM measurements across follow-up.
transcriptase (mma3) and guide within 360 days of treatment If viral suppression fails or rises
inhibitor (NRTI), treatment initiation), virological failure beyond certain thresholds (e.g.,
boosted protease (two measurements of HIV- 400 copies/ml or 1000
inhibitor (bPI), 1 RNA > 200 copies/ml, 7- copies/ml), treatment is
non-nucleoside 180 days apart), and a CD4 switched.

reverse

cell count within the last 90




transcriptase days. The study compares

inhibitor two treatment strategies

(NNRTI), fusion guided by HIV1-RNA: the

inhibitor (FI). tight-control strategy, which
involves treatment
switching if HIV-1 RNA
exceeds 400 copies/ml
within 90 days, and the
loose-control strategy,
which switches at 1000
copies/ml.

[61] Methods No specific Individuals had to have Yes, compared 31 dynamic
treatments HIV-RNA >500 copies/mL, treatment strategies of the form
specified CD#4 cell count and HIV- “initiate treatment within m

RNA measurements within months after the recorded CD4
six months of each other, cell count first drops below x
and CD4 cell count between cells/mm3”, where x takes
200 and 500 cells/mm3 with values from 200 to 500 in

no history of CD4 cell count increments of 10 and m takes
less than 500 cells/mm3 to values 0 or 3.

enter trial. CD4 cell count

was used as a biomarker of

when to initiate treatment,

based on outcomes of AIDS

and death.

Caniglia et al. [21] Application | Human Antiretrovirals Protease inhibitor | HIV1-RNA Determine Individuals had to have IPW-MSM, Yes, compares 4 dynamic joint
Immunodeficiency (PI), nucleoside (copies/mL),CD4 | trial confirmed virologic parametric G monitoring and treatment
Virus (HIV) reverse cell count (mm3) | eligibility suppression (two formula, clone- | strategies:

transcriptase and guide consecutive HIV-RNA <200 | censor- 1. CD4 threshold 350/tight
inhibitor (NRTI), treatment copies/ml) within 12 months | weighting control: monitor every 3-6
boosted protease of initiating an eligible months when CD4< 350 cells/uL
inhibitor (bPI), treatment regimen, and a and every 9-12 months CD4 is
non-nucleoside CD4 cell count to enter trial. above the threshold, switch
reverse Used both CD4 cell count within 3 months of HIV-RNA
transcriptase and HIV-RNA to guide crossing above 200 copies/ml
inhibitor treatment, comparing when 2. CD4 threshold 350/loose
(NNRTI), fusion monitoring frequency control: same as (1) except HIV-
inhibitor (FI). should be reduced (based RNA threshold is 1000

on CD4 cell count) and copies/mL

when individuals should
switch from first line to new

3. CD4 threshold 500/tight
control: same as (1) except that




regimen (based on HIV-
RNA).

the CD4 cell count threshold is
500 cells/pl

4. CD4 threshold 500/1oose
control: same as (3) except that
the HIV-RNA threshold is 1000
copies/ml.

[22] Application | Dementia Statins Simvastatin, Total cholesterol Determine A recent total cholesterol IPW-MSM, No, static treatment strategies
pravastatin, (mmol/L), trial measurement (within implementation | compared (statin initiation at
fluvastatin, systolic blood eligibility previous 3 years), and BMI of sequential baseline versus no statin
atorvastatin, pressure (SBP, and SBP measurements trials design initiation).
cerivastatin, mmHg), APOE required to enter trial.
rosuvastatin €4 carrier status

[23] Application | Adverse birth Antiretrovirals Zidovudine CD#4 cell count Guide The study emulated two Inverse No, static treatment strategies

outcomes (ZDV), (mm3) treatment comparisons: probability of compared (TDF/FTC/EFV
(stillbirth, preterm lamivudine (3TC) 1. Historical censoring versus ZDV/3TC/NVP). Focuses
delivery, very and nevirapine comparison weighting on comparing changes in
preterm delivery, (NVP) (2004-2015): (IPCW) clinical guidelines over time
small-for- combination Compared rather than dynamic treatment
gestational-age (ZDV/3TC/NVP), women who strategies, where treatment is
(SGA) and very tenofovir (TDF), initiated adjusted based on biomarkers of
SGA, emtricitabine TDF/FTC/EFV treatment response and/or

(FTC), and (2012-2015) vs. disease progression.

efavirenz (EFV) ZDV/3TC/NVP

combination (2004-2011).

(TDF/FTC/EFV) 2. Contemporaneous

comparison
(2009-2013):
Compared
women starting
either regimen
during a period
when both were
prescribed.
CD#4 thresholds guided ART
initiation, evolving over
time: <200 cells/mm3, then
<250 in 2008, and <350 in
2012, changing treatment




decisions across these
periods.

Dickerman et [26] Application | Cancer (total Statins All statins Low-density Determine LDL-C <5 mmol L-1 IPW-MSMV, Yes, dynamic treatment
al. cancer, seven site- prescribed within | lipoprotein trial required to enter trial and implementation | strategies are compared, and
specific cancers: UK cholesterol eligibility no hepatic impairment of a sequential treatment decisions adjusted
female breast, (LDL-C, and guide defined as a clinical code for | trial design based on whether LDL
colorectal, mmol/L), high- treatment hepatic failure or ALT 2120 cholesterol 25 mmol/L across
haematological, density IU/L). follow-up. During follow-up,
melanoma, lung, lipoprotein treatment decisions (start, stop,
prostate, cholesterol LDL-C used as a biomarker or switch) are made by patients
urothelial) (HDL-C, to guide treatment decisions and clinicians based on clinical
[27] Application | Colorectal cancer mmol/L), alanine across follow-up — when IPW-MSM judgment.
aminotransferase LDL-C =5 mmol, patients
(ALT, IU/L) and their physicians will
decide whether to start,
stop, or switch therapy.
Fuetal [30] Application | Advanced chronic | Renin-angiotensin | Angiotensin- Estimated Determine eGFR <30 ml/min/1.73m2 IPW-MSM, Yes, dynamic treatment
kidney disease system inhibitors | converting glomerular trial required to enter trial. clone-censor- strategies are compared, and
(CKD) (RASI) enzyme inhibitors | filtration rate eligibility weighting changes to treatment are made
(ACEi), (eGFR, ml/min and guide eGFR was used as a based on eGFR levels across
angiotensin per 1.73 m2), treatment biomarker to guide follow-up.
receptor blockers | albumin-to- treatment, with two
(ARBs) creatinine ratio strategies compared: "stop

(ACR), serum
potassium
(mmol/L),
systolic blood
pressure (SBP,
mmHg),
diastolic blood
pressure (DBP,
mmHg)

RASi within 6 months and
remain off treatment after
eGFR decreases to <30
ml/min per 1.73 md' versus
"continue RASi throughout
the follow-up." As a
secondary objective, the
study compared stopping
versus continuing RASi at
different eGFR thresholds in
two cohorts: one with a first
detected eGFR decrease
between 20 and 30 ml/min
per 1.73 mo(higher eGFR
cohort), and another with a
first detected eGFR <20
ml/min per 1.73 mo(lower
eGFR cohort).




Kalia et al. [64] Methods Type 2 diabetes Antidiabetics Sodium-glucose Haemoglobin Determine Individuals had to have IPW as part of No, static treatment strategies
(T2D) (glucose-lowering | co-transporter 2 Alc (HbA1c, %), trial elevated HbAlc (>8.5%) to MSM, compared (initiation of SGLT-2i
medications) inhibitors (SGLT- eligibility enter trial. parametric G versus standard care, and
2i), dipeptidyl formula initiation of DPP-4i versus
peptidase-4 standard care).
inhibitors (DPP-
4i)
Kuehne et al. [38] Application | Ovarian cancer Chemotherapy Second-line Cancer antigen Determine Disease progression after IPW-MSM, Yes, compares dynamic
(anti-cancer) chemotherapy 125 (CA-125) trial standard LOT1 treatment, IPCW treatment strategies (immediate,
(LOT2) eligibility which was defined as the versus never treated, versus
and guide doubling value of CA-125, delayed treatment), to evaluate
treatment required to enter trial. if and when second-line
chemotherapy should be
Compared between provided.
immediate, never-treated,
and delayed treatment,
where treatment not based
on biomarker increase (i.e., 6
weeks after progression
defined by biomarker
increase) was considered
delayed treatment, with CA-
125 guiding the decision of
when to initiate or delay
treatment.
[65] Methods Cardiovascular Statins European Determine Individuals included in Clone-censor- No, treatment initiation is based
disease Society of trial study when first shown to weight, IPW- on predefined, static risk score
Cardiology eligibility have crossed ESC SCORE MSM thresholds that are not based on
Systematic and guide (individual 10-year risk of disease progression or
Coronary Risk treatment undergoing a fatal treatment response.
Evaluation (ESC cardiovascular event based
SCORE, patient’s on age, sex, total cholesterol,

10-year risk of
undergoing a
fatal
cardiovascular
event based on
age, sex, total
cholesterol,
smoking status

smoking status and blood
pressure, and the LDL-C
level) equals or exceeds 1%.

Compares different ESC-
SCORE thresholds
(immediate treatment when
risk score crosses 1%, 2%,
3%, 5% and no initiation) to




and blood

determine when to start

pressure) statin treatment, based on
risk of major adverse
cardiovascular events
(MACE).

Kwee et al. [39] Application | Hepatocellular Chemotherapy Yttrium trans- Creatinine Determine Individuals must have total | PSM No, static treatment strategies

carcinoma (HCC) (anti-cancer) arterial (mg/dL), trial bilirubin < 2.0mg/dl, INR < compared (assignment to
radioembolisation | bilirubin eligibility 1.7, and creatinine < Yttrium trans-arterial
(TARE), Sorafenib | (mg/dL), alpha- 2.0mg/dl to enter trial. radioembolisation (TARE)
fetoprotein versus standard of care
(ng/mL), (sorafenib, chemotherapy).
international
normalised ratio
(INR)

Lodi et al. [66] Methods Human Antiretrovirals Protease CD#4 cell count Determine Individuals had to have 2 Parametric G Yes, compares effect of
Immunodeficiency | (ART) inhibitors (PI), (cells/mms3), trial CD4 counts of >500 formula immediate treatment initiation
Virus (HIV) non-nucleoside HIV-RNA eligibility cells/mm3 within 90 days of (static strategy) versus delayed

reverse (copies/mL) and guide each other to enter trial, and treatment initiation, where
transcriptase treatment baseline HIV-RNA treatment initiated only after a
inhibitors measurement. second CD4 cell count <350
(NNRTIs) cells/mm3 or AIDS (dynamic

Used CD4 cell count to strategy).

guide treatment, comparing

the strategies ‘immediate

ART initiation within 1

month of treatment

assignment’ versus

‘deferred ART initiation

within 1 month of second

CD4 count<350 cells/mm3 or

AIDS'.

McGrathetal. | [43] Application | Immune Thrombopoietin Romiplostim Platelet count Determine Used a treatment-decision Standardised No, static treatment strategies
thrombocytopenia | receptor agonists (x109/L) trial design, whereby individuals | morbidity ratio | compared (assignment to
(ITP) eligibility entered the cohort when weighting, romiplostim versus standard of

they had a platelet IPCW care).

measurement of <30 x 109/L
(anchor date), to reflect
when treatment decisions
are made in the
management of ITP, based




on ITP practice guidelines
[43].

Schroeder et [46] Application | Cardiovascular Antidiabetics Long-acting Haemoglobin Determine Individuals with a IPW-MSM No, static treatment strategies

al. disease insulin, short- Alc (HbA1, %), trial qualifying HbAuiclevel (6.8% compared (assignment to long-
acting insulin estimated eligibility to 8.5%) while receiving acting insulin only versus long-

glomerular long-acting insulin were acting insulin plus short-acting
filtration rate included in trial. insulin).

(eGFR,

mL/min/1.73 m),

low-density

lipoprotein

cholesterol

(LDL-C, mg/dL),

blood pressure

(mmHg)

Smith et al. [47] Application | Prostate cancer Anti-cancer Androgen Prostate-specific | Determine Individuals had to have a IPW-MSM, Yes, dynamic treatment
deprivation antigen (PSA), trial PSA relapse to enter the parametric G- strategies compared, based on
therapy (ADT) prostate-specific | eligibility trial, defined as one of formula, clone- | PSA levels, to determine when

antigen doubling | and guide following: a PSA rise above | censor- treatment should be initiated.
time (PSADT) treatment 0.2 ng/mL beyond post- weighting

treatment nadir if initial
treatment was
prostatectomy (with or
without radiation); a PSA
that did not fall lower than
0.2 ng/mL if treated with
prostatectomy with salvage
radiation; or three
successive PSA rises at least
30 days apart if initial
treatment was only
radiation.

Used PSADT as a biomarker
to guide treatment,
comparing strategies of the
form “Start androgen
deprivation therapy the first
time PSADT drops

below x days,” where the
threshold x varies from 0 to




360 in increments of 10,
resulting in 37 different
treatment strategies.

Talmor-Barkan | [49] Application | Atrial fibrillation Direct oral Apixaban, Alanine Determine Individuals excluded from Propensity No, static treatment strategies

etal. (AF) anticoagulants rivaroxaban, aminotransferase | trial cohort if eGFR =< 30 score matching | compared (initiation of
(DOACs) dabigatran (ALT, U/L), eligibility mL/min/1.73 m2. (PSM) apixaban versus rivaroxaban

estimated versus dabigatran).
glomerular
filtration rate
(eGFR,
ml/min/1.73 m?),
haemoglobin Aic
(HbA1lc, %),
alkaline
phosphatase
(ALP, IU/L),
platelets (PLTs,
mcL), low-
density
lipoprotein
cholesterol
(LDL-C, mg/dL),
creatinine
(umol/L),
aspartate
transaminase
(AST, U/L),

Trevisanetal. | [50] Application | Hyperkalaemia Mineralocorticoid | Spironolactone, Estimated Determine Individuals excluded from Clone-censor- No, static treatment strategies
receptor eplerenone glomerular trial cohort if missing creatinine weighting compared (assignment to
antagonists filtration rate eligibility measurements to estimate stopping MRA versus
(MRA) (eGFR, and guide eGFR or plasma potassium. continuing MRA within 6

mL/min/1.73 treatment Compared risk of adverse months of hyperkalaemia).
m?), plasma events in individuals
potassium stopping versus continuing
(mmol/L) MRA in individuals with
hyperkalaemia (plasma
potassium > 5 mmol/L).
Xie et al. [53] Application | Diabetic kidney Antidiabetics Sodium-—glucose Estimated Determine Individuals excluded from IPW-MSM, No, static treatment strategies
disease cotransporter 2 glomerular trial cohort if eGFR <15 inverse compared (assignment to either
inhibitors filtration rate eligibility mL/min/1.73 m2, or no probability of




(SGLT2i), (eGFR, measurement of outpatient treatment SGLTi, GLP-1, DPP-4 or
glucagon-like mL/min/1.73 eGFR, haemoglobin Alc weighting sulfonylureas).
peptide 1 receptor | m?), (HbA1c), height, weight, (IPTW)
agonists (GLP-1), | haemoglobin Aic blood pressure, and LDL
dipeptidyl (HbAlc, within the year before time
peptidase 4 mmol/mol), low- Zero.
inhibitors (DPP- density
4), and lipoprotein
sulfonylureas cholesterol
(LDL-C, mg/dL),
systolic blood
pressure (SBP,
mmHg),
diastolic blood
pressure (DBP,
mmHg),

Xuetal. [54] Application | Hyperkalaemia Renin-angiotensin | Angiotensin- Estimated Determine Individuals with first Clone-censor- No, static treatment strategies
system inhibitors | converting glomerular trial hyperkalaemia event weight compared (stopping RASi
(RASI) enzyme inhibitors | filtration rate eligibility (plasma potassium >5 versus continuing RASi).

(ACEi), (eGFR, and guide mmol/L) after RASi
angiotensin mL/min/1.73 treatment initiation and no missing
receptor blockers | m?), plasma eGFR values included.
(ARB) potassium
(mmol/L), Modelled the decision to
urinary albumin- stop/continue RASi after a
to-creatinine potassium >5.0 mmol/L
ratio (mild hyperkalaemia), based
on clinical guidelines and
previous research [54].
Compares effect of higher
potassium threshold (> 5.5
mmol/L) on
stopping/continuing
treatment as a secondary
objective.

Yarnell et al. [55] Application | Acute hypoxemic Invasive ventilation Inspired oxygen | Determine Individuals had to have Nonparametric | Yes, dynamic treatment

respiratory failure fraction (FiO2), trial FiO2 of =>0.4 or more via Bayesian G- strategies compared, uses
saturation-to- eligibility non-rebreather mask, non- computation saturation-to-inspired oxygen
inspired oxygen | and guide invasive positive pressure ratio (SF) thresholds to
ratio (SF), heart treatment ventilation (NIV), or high- determine when to initiate

rate, respiratory

flow nasal cannula (HFNC)

invasive ventilation.




rate, peripheral
oxygen
saturation,
partial pressure
of carbon
dioxide (pCO2),
pH, systolic
blood pressure
(SBP, mmHg),
lactate

within 24 h of ICU
admission to enter trial,
alongside a pCO2 => 60, and
apH=<7.20.

Compared three thresholds
for initiation of invasive
ventilation, based on
saturation-to-inspired
oxygen ratio (SF)

0f <110,<98, and <88, on
risk of 28-day mortality.

Zhang et al.

[58]

Application

Anaemia

Erythropoiesis-
stimulating
agents

Epoetin alfa
(EPO)

Haematocrit (%)

Guide
treatment

Compared the effect of three
dynamic epoetin dosing
strategies based on
haematocrit level: low
haematocrit (adjust EPO
dose to maintain
haematocrit 30-33%), mid
haematocrit (adjust EPO
dose to maintain
haematocrit 33-36%), and
high haematocrit (adjust
EPO dose to maintain
haematocrit at 36-39%).

Parametric G-
formula, IPW-
MSM

Yes, dynamic treatment
strategies compared, used
haematocrit as a biomarker to

evaluate effect of EPO dosing on

survival outcomes.
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