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Figure 1: SVE of pseudovirus neutralizing antibody (PsV-nAb) at D29, D57 in COVE (upper), ENSEMBLE (lower). TML-based
point estimates (black 0 = 0, grey 0 # 0) with EIF-based SE estimates, summarized (dashed lines) by working MSM [7, 6]. o
chosen based on structural positivity: for 6 < 0, S 4+ d above assay lower detection limit (LLOD) for at least 90% of participants.

e The estimator W$VE(P,,) is regular and asymptotically linear (RAL) in the model M, admitting

V(W3VE(P,) — U3VE(Py)) fZD* (P0)(O:) + op(1/v/n) . (2)

REFERENCES

where D*(Pg)(0O) is the efficient influence function (EIF) of RAL estimators of v32VF wrt Py € M.
* Developed and imglemented asymptotically efficient one-step and targeted minimum loss (TML)

[1] Gilbert, P. B., Y. Fong, N. S. Hejazi, A. Kenny, Y. Huang, M. Carone, D. Benkeser, and D. Follmann, 2024: Four statistical frameworks for assessing an immune correlate of protection (surrogate endpoint)
from a randomized, controlled, vaccine efficacy trial. Vaccine, 42(9), 2181-2190.

[2] Hejazi, N. S., X. Shen, L. N. Carpp, D. Benkeser, D. Follmann, H. E. Janes, L. R. Baden, H. M. El Sahly, W. Deng, H. Zhou, B. Leav, D. C. Montefiori, and P. B. Gilbert, 2023: Stochastic interventional
approach to assessing immune correlates of protection: Application to the COVE mRNA-1273 vaccine trial. International Journal of Infectious Diseases, 137, 28-39.

eStlmatOI'S [6] Of \IJ Wthh use the EIF 1n dlStlnCt blaS COI‘]_‘eCthn StepS and are bOth [3] Haneuse, S. and A. Rotnitzky, 2013: Estimation of the effect of interventions that modify the received treatment. Statistics in Medicine, 32(30), 5260-5277.
doubl bust ; t h " £ f . ¢ atel 11 deled ( . bl [4] Diaz, I. and M. J. van der Laan, 2018: Stochastic treatment regimes. In Targeted Learning in Data Science: Causal Inference for Complex Longitudinal Studies, Springer Science & Business Media, pp. 167-180.
— dAouvoly roous consistent when two of four nuisance parameters are appropriately well-modeled (€.g2., uSing ensembple [5] Hejazi, N. S. and D. C. Benkeser, 2020: txshift: Efficient estimation of the causal effects of stochastic interventions in R. Journal of Open Source Software, 5(54), 2447.
machine learning [10]) SU_Ch that pI'OdU_Ct Of Convergence rates Of p airs Of nuisance estimators iS op (1 / \/H) and [6] Hejazi, N. S., M. J. van der Laan, H. E. Janes, P. B. Gilbert, and D. C. Benkeser, 2021: Efficient nonparametric inference on the effects of stochastic interventions under two-phase sampling, with
/ applications to vaccine efficacy trials. Biometrics, 77(4), 1241-1253.
— asymptotically Semi_parametric eﬂﬁ’cient when all four nuisance par ameters are appropriately well-modeled. [7]1 Neugebauer, R. and M. van der Laan, 2007: Nonparametric causal effects based on marginal structural models. Journal of Statistical Planning and Inference, 137(2), 419-434.

[8] Robins, J. M., A. Rotnitzky, and L. P. Zhao, 1994: Estimation of regression coefficients when some regressors are not always observed. Journal of the American Statistical Association, 89(427), 846-866.
[9] Rose, S. and M. J. van der Laan, 2011: A targeted maximum likelihood estimator for two-stage designs. The International Journal of Biostatistics, 7(1), 1-21.

O Applled the TML eStlmatOI‘ Of the SVE parameter, Eqn (]. ) p tO evaluate Candldate COPS 1n the [10] van der Laan, M. J., E. C. Polley, and A. E. Hubbard, 2007: Super learner. Statistical Applications in Genetics and Molecular Biology, 6(1).
. . . . . . [11] Huang, Y., N. S. Hejazi, B. Blette, L. N. Carpp, D. Benkeser, D. C. Montefiori, A. B. McDermott, Y. Fong, H. E. Janes, W. Deng, H. Zhou, C. R. Houchens, K. A. Martins, L. Jayashankar, B. Flach, B. C.
COVE and ENSEMBLE vaccine tI‘lalS [2 Yy 1 1 ] , reSU.ltS dlSplayed f Or a Slngle COP 1n Flgur c 1 . Lin, S. O’Connell, C. McDanal, A. Eaton, M. Sarzotti-Kelsoe, Y. Lu, C. Yu, A. Kenny, M. Carone, C. Huynh, J. Miller, H. M. El Sahly, L. R. Baden, L. A. Jackson, T. B. Campbell, J. L. Clark, M. P. Andrasik,
. . . J. G. Kublin, L. Corey, K. M. Neuzil, R. Pajon, D. A. Follmann, R. O. Donis, R. A. Koup, P. B. Gilbert, and on behalf of the Immune Assays Team; Moderna, Inc., Team; Coronavirus Prevention Network
® SVE tO be avallable n the vacclilne R paCkage (ht t PS: / / CRAN.R- PXro j ect.or g / prac ka ge=vacCc in e). (CoVPN)/Coronavirus Efficacy (COVE) Team; and the United States Government (USG)/CoVPN Biostatistics Teams, 2023: Stochastic interventional vaccine efficacy and principal surrogate analyses of

antibody markers as correlates of protection against symptomatic COVID-19 in the COVE mRNA-1273 trial. Viruses, 15(10), 2029.




