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Use of marginal
structural models in
pharmacoeconomics
and outcomes
research: Application
in antiretroviral
therapy research

Assessing treatment effectiveness of a timevarying drug regimen in longitudinal and
observational outcomes research is difficult.
From the methodological perspective, we believe
there are two important factors that one needs
to take into account in such a setting where
treatment varies over time. First, researchers
should be aware that patients are expected to
change treatments at various times for a variety
of reasons. Second, in addition to the need to
control for selection bias at baseline due to a lack
of randomization, time-varying characteristics
can also influence treatment decisions, thereby
substantially changing the entire snapshot of the
treatment-outcome relationship.
Recognizing these factors, the aim of this brief report
is to:
– Provide a step-by-step illustration of the use
of marginal structural models (MSMs) via an
antiretroviral therapy (ART) case study
– To demonstrate the versatility of these models
– To subsequently encourage their use
more widely in outcomes research and
pharmacoeconomics
In a practical example, we found that the marginal
structural model is a useful methodology that may
have significant advantages in internal validity
when assessing a treatment effect when there are
time-varying treatment effects and confounders
compared to a traditional regression-based
statistical model.

Introduction
Assessing treatment effectiveness of a time-varying
drug regimen in longitudinal and observational
outcomes research is difficult because patients
change treatments at various times for a variety of
reasons. This is made more complicated by the fact
that time-varying characteristics can also influence
treatment decisions, thereby substantially changing
the treatment-outcome relationship. While there
are several standard statistical methods that can
be used to evaluate causal effect of treatment on
outcome, all are believed to produce biased results.
Recently developed MSMs can provide unbiased and
consistent causal treatment effects in longitudinal
and observation studies, even in the presence of
treatment switching, missing data and time-varying
confounders using treatment as a time-varying
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covariate. MSMs are widely used in epidemiology
and biostatistics, although these models are rarely
employed in the fields of outcomes research and
pharmacoeconomics.1

Analytic approaches
The analysis conducted in this paper was performed
on a data extract from the 2003-2008 Truven
Health MarketScan® Research Databases (now
IBM® MarketScan® Research Databases). This was
a retrospective observational cohort study using
a patient-quarter, repeated-measures panel data
design in which each quarter of data that a patient
contributed represented a unit of observation used for
the statistical analyses (n = 3,731).2
Study subjects were adult antiretroviral therapy (ART)naïve patients with HIV who initiated first-line ART.
The definition of first-line ART is described in detail in
Johnston et al. (2012).3
The primary objective of the study was to investigate
the effect of a time-dependent predictor—ART cost
sharing—on persistence with the first-line combination
of antiretroviral therapy (cART) among HIV-positive
patients. The cost sharing variable was dichotomized
at $50 as the objective of this analysis was to contrast
the effect of highdose cost sharing with low-dose cost
sharing on persistence.
Figure 1. Causal pathway for cost sharing and pill burden on persistence
with cART
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Figure 1 illustrates a conjectured causal pathway
for the context of this study. Pill burden, a measure
of a patient’s daily average cART medications,
was thought of as predicting the level of cost
sharing measured at the same time point and also
predicting persistence with cART. In this regard,
pill burden is considered as a time-dependent
confounder. Cost sharing at time t predicts the
subsequent value of pill burden. Moreover, pill
burden predicts persistence and future cost
sharing (t+1). Pill burden is assumed to be part of
the casual pathway between cost sharing at time t
and persistence; hence, it should be considered as
a time-varying confounder. In this case, controlling
for pill burden in a traditional multivariate Cox
model will remove the confounding effect of pill
burden, but still bias the estimation of cost sharing
effect, since controlling for pill burden also blocks
a directed path of interest (for example, cost
sharing at t —> pill burden at t+1 —> persistence at
t+1).4
MSMs now allow the analyst the ability to control
for the effects of the time-dependent confounder
of pill burden, which is impacted by prior treatment,
on cost sharing. Below, we describe how to fit
a marginal structural Cox proportional hazards
model. In fact, as seen in Figure 2, conducting
a MSM analysis typically involves a three-step
process.
Figure .: Steps required for running a weighted Cox model

Step 1

§§Calculate treatment selection weight
§§Calculate discontinuation weight

Step 2

§§Calculate the overall stabilized weight
§§Multiply selection weight by discontinuation weight

Step 3

§§Run weighted regressions (for example, Cox, GLM, etc.)

First, two weights for each observation (for example,
patient visit per quarter) need to be calculated:
one adjusting for treatment selection and the other
adjusting for study discontinuation. Computation of
these weights may incorporate both time-independent
and time-dependent factors, such as previous cost
sharing and pill burden, and can be implemented by
fitting four pooled logistic regression models (that is,
two pooled logistic regressions with both time-varying
and time-invariant covariates, and two pooled logistic
regressions with only time-invariant covariates).

Figure 3. Hazard ratio estimates and 95 percent confidence intervals from
the traditional Cox and marginal structural Cox models

Next, overall stabilized weights for each patientquarter are calculated as the product of the selection
and censoring weights for that quarter. The ultimate
goal of the inverse probability of treatment weighted
(IPTW) estimation in the MSM setting is to redistribute
the population so that cost sharing is un-confounded,
similar to the setting of a randomized controlled trial.
For instance, the weights remove the association of
cost sharing with pill burden and other time-invariant
variables.

Discussion

The final step of the MSM analysis is to estimate
causal effects of cost sharing using a weighted
Cox model with generalized estimating equations
(GEEs). It is important to note that this MSM does not
include covariates; especially time-varying covariates,
because they are, by definition, models for causal
effects on the entire source population and are not
the models for observed associations. The influence
of these covariates has already been incorporated into
the weights.

Results
As presented in Figure 3, when evaluating the impact
of cost sharing on persistence with cART using a
traditional Cox model, the estimates were biased (HR
= 0.96, 95% CI, 0.78- 1.18, p = 0.733). In contrast,
using the marginal structural Cox model yields the
hazard ratio of 1.28 (95% CI, 1.16-1.43, p < .001),
which is consistent with the previous literature in the
sense that, in general, higher cost sharing or greater
financial burden to patients often leads them to exit
early from the needed cART.
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We have used a marginal structural Cox proportional
hazards model to estimate the causal effect of cost
sharing on persistence with ART therapy for HIVpositive patients. The results of the standard Cox
model suggest a counterintuitive finding: a negative
and statistically insignificant effect of cost sharing
among patients who received cART. In contrast,
the finding based on our marginal structural Cox
model implies that the MSM should be considered
to be more appropriate than a standard Cox model
when a time-dependent confounder exists, such
as pill burden, which is also affected by previous
cost-sharing levels. Adjusting for pill burden as an
independent factor in a standard Cox model can
lead to underestimation of the effect of cost sharing
on persistence with cART.
The presence of time-varying factors and noninformative censoring can make modeling
sufficiently challenging, such that investigators
might drop these time-dependent factors for lack of
a clear choice of a model. Our real-world example
demonstrates that a failure to address this feature
of a covariate and select a standard statistical
model, such as our Cox model, can potentially
lead to an erroneous conclusion.5 In this regard,
the use of MSMs is important because it provides
investigators with a flexible tool for modeling
with time-dependent confounders in outcomes
research investigations.6 We believe the application
of MSMs could be more widespread, especially
in circumstances where an investigator strives to
examine and understand the dynamic nature of
exposure on outcomes in the presence of timevarying confounders.
This paper was presented at the ISPOR 18th Annual International
Meeting and was awarded a green ribbon.
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For more information
To learn more about this white paper and our
other health analytic and research services, please
contact us at (new email coming) or visit https://
www.ibm.com/watson/health/life-sciences/.
About IBM Watson Health
Each day, professionals throughout the health
ecosystem make powerful progress toward a
healthier future. At IBM Watson Health, we help
them remove obstacles, optimize efforts and
reveal new insights to support the people they
serve. Working across the landscape, from payers
and providers to governments and life sciences,
we bring together deep health expertise; proven
innovation; and the power of artificial intelligence
to enable our customers to uncover, connect and
act — as they work to solve health challenges for
people everywhere.
For more information on IBM Watson Health, visit:
ibm.com/watsonhealth
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