Comparisons of Propensity Score Methods for Time to Event Outcomes:
Evaluation through Simulations and Oral Squamous Cell Carcinoma Case Study
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Introduction
Backgrounds

* Observational studies are sometimes preferred over randomized clinical
trials because of lower cost and more generalizability.

|t 1s recommended to use propensity score (PS) methods or covariate
adjustment for confounding effect control.

 Few quidelines are available regarding the choice of PS approaches or
covariate adjustment for the best performance In a given data.

Objectives

 In this study, we conducted Monte Carlo simulations comparing
conventional covariate adjustment and eight common PS methods to
estimate the average treatment effect for the overall population on time-to-
event outcomes.

* We also applied the PS approaches to compare the effect of treatment and
Intervention on different time-to-event clinical outcomes in Oral Squamous
Cell Carcinoma Cancer (OSCC) patients.

Methods

Monte Carlo Simulations

We examined 96 scenarios with the following factors: the prevalence of treatment,
the event rate, sample size, and the true average treatment effect size (HR).
Simulation was repeated for 1000 times for each scenario. Nine models were
compared:

* 1:1 nearest neighbor matching (NNM) with or without caliper
« Stratification (5 or 10 strata)

* Inverse probability of treatment weighting (IPTW) with or without
trimming

» Conventional covariate adjustment

Model Performance

. Accuracy: E(f) = —

1000 ]1'220 Bj , Where ,[?j denotes the est. HR

*  Precision: 2 * 1.96 * \/var(ﬁj), where var(f;) = ﬁZ}ggo(ﬁj — E(B))?

»  Mean squared error (MSE): E(B)? + var(p)),
where the mean of bias E(B) = E(8) — S, where B denotes the true HR

Case Study

* Population: Adult patients with OSCC and have had the primary surgery.
« Study design: A single-institution retrospective study (2006-2018).
« Sample: 288 patients with tumor samples.

* Treatment of Interest: If the patient had post-operative radiation therapy
(PORT)
* Intervention of Interest: If the patient had an engraftable tumor
(Engraftment)
e Qutcome of Interest:
o disease-free survival (DFS)
o local-regional failure (LRF)
o recurrence-free survival (RFS)
o frequency and event rates are given in Table 1
* Risk factors and confounders include lymph node metastases, tumor size,
and cancer grade.

Sample Size n=288
Disease-free Survival first recurrence or death last follow-up
(DFS) 159 (55%) 129 (45%)
Loco-regional failure first local or regional recurrence  Last follow-up  Deaths without failure
(LRF) 99 (34%) 133 (46%)) 56 (19%)
Recurrence-free first local, regional, or distant Last follow-up Deaths without failure
survival recurrence 129 39
(RFYS) 120 (42%) (45%) (14%)

Table 1. Frequency and event rate of the three time-to-event outcomes

Results
Monte Carlo Simulations

NNM with caliper provided less precise estimates especially with few
outcome events and low treatment prevalence. IPTW and covariate adjustment
performed well In most cases and produced unbiased estimates with small
uncertainty. (Figure 1)
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Figure 1. Comparison of eight PS methods and covariate adjustment with correlated
covariates, n=2000. 1t row: estimated hazard ratio; 2" row: mean length of 95%
confidence interval; last row: mean squared error.

Case Study

« Standardized mean difference (SMD) < +0.25 (Figure 2)

* Results showed consistency across stratification and covariate adjustment
(Figure 3)
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Figure 2. SMD before (red) and after (blue) NNM for Engraftment (left) and PORT
(right); ENE, Pathologic extranodal extension;, Co chemo2, Concurrent
chemotherapy; PNI, Perineural invasion; pT 7%, T-category primary tumor;
Grade, Histological grade; Level 4 5 LN, Level IV-V nodal involvement.

A. Intervention of Engraftment on Disease Free Survival B. Intervention of Engraftment on Local-regional Failure
Effect SE Effect SE

Method (log(HR)) (log(HR)) p-value Method (log(HR)) (log(HR)) p-value
Crude 0.772 0.19 =(.001 o Crude 0.788 0.241 0.001 B
Covariate adjstment oniy 0102 0,100 <C.001 . Covariate adjustment only 0.685 0.241 0.004 -
NN 0.818 0.217 <0,001 »

NNM 0.776 0.273 0.004 .
NNM caliper=0. 1 0.788 0.22 <0001 .

NNM caliper=0.1 0.805 0.279 0.004 =
NNM caliper=0,2 0.833 0.219 <0.001 &

NNM caliper=0.2 0.808 0.279 0.004 -
NNM caliper=0.25 0.618 0.217 <0,001 o caliper
Stratification with 5 groups 0.66 0.197 <0.001 . NNM caliper=0.25 0.776 0.273 0.004 — .
Stratification with 10 groups 0.706 0.196 <0.001 B Strafification with 5 groups 0.716 0.235 0.002 B
IFTW 0.756 0.188 <0.001 N Stratification with 10 groups 0.68 0.24 0.005 ]
IPTW with 5% trimming 0.574 0.231 0.012 =
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C Treatment of PORT on Recurrence Free Survival
Effect SE

Method (log(HR)) (log(HR}) p-value

Crude 1.13 0.222 =0.001 =

Covariale adjustment only 0.752 0.242 0.002 &

Engraftment on DFS (A) and on LRF
(B); The estimated marginal HR of PORT
on RFS (C); Each row represents a
model.
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NNM calipar=0.1 0.808 0.274 0.003 .
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Conclusion

Covariate adjustment and the IPTW method performed well across simulations
and the case study. In practice, care should be taken to select the most suitable
method when estimating the treatment, exposure or intervention effect on time-
to-event outcomes.

> Figure 3. The estimated marginal HR of



