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Abstract

As cancer screening techniques evolve rapidly,
there is increasing demand for quicker evalua-
tion of effectiveness in randomized screening tri-
als while maintaining rigor in estimating mor-
tality benefits. One possible method to accom-
plish this is using shorter-term outcomes, such
as the incidence of late-stage cancer, as a surro-
gate endpoint for mortality. We propose a gen-
eral method using microsimulations from a nat-
ural history model to evaluate the reliability of
such surrogates for a novel screening test and de-
sign the trial around the surrogate.

Background: meta-analysis,
modeling, pitfalls

• Prior work in establishing surrogacy of late-stage
incidence (LSI) for mortality has taken the form
of meta-analysis and modeling-based studies.

• Meta-analysis requires many completed trials for
a cancer/screening test type, and assumes future
tests/trials are comparable to previous ones.

• Many modeling studies [1], [2] assume natural
history models where stage is already a surrogate,
i.e. all causal pathways between screening and
mortality are mediated by stage.

• Work in both fields pursues causal association,
but important information about the underlying
surrogate structure can be illuminated through a
causal effectiveness paradigm [3].

Figure 1: Two panels from Figure 1 of Feng at al. (2024) [4].
The association between LSI and mortality endpoints is strong
in lung cancer screening, but weak in prostate cancer.
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Causal structures of natural
history models

Common factors in the debate over the use of LSI as
a surrogate include mode of diagnosis (better prog-
nosis for screen-detected cancers), cancer subtypes
(e.g. small-cell lung cancer), and non-stage mea-
sures of severity (e.g. tumor size in breast cancer).
These factors can be situated in the causal diagrams
below. To assess surrogacy, we propose simulating
from a model that either accounts for them directly,
or uses a simplified structure to allow for at least one
non-stage pathway.

Figure 2: Causal diagrams of cancer screening. Z: treatment
arm, A alternative mediator, S LSI, M mode of diagnosis, U
confounders, Y mortality.

Importantly, association between the causal effects
of Z on Y and Z on S does not completely describe
the causal relationships in the diagrams. Different
diagrams can produce the same association mea-
sures, hence the need for a causal effectiveness lens.

Diagnostics for causal association
and effectiveness

We use two metrics to assess surrogacy:
1 Matched projections simply calculate association
between projected endpoints from the
microsimulated data.

2 Causal effect predictiveness (RRCEP) [5]
calculates mortality risk reduction among
individuals who did/didn’t experience a
downstaging benefit due to screening.

Figure 3: βexp
E : early-stage sensitivity in 5-state model [6].

The top left panel shows that for sufficiently high
early-stage sensitivity, a majority of simulated tri-
als hit a prespecified benchmark of 10% mortality
reduction. Therefore, a trial that can detect a mor-
tality reduction of around 20% with adequate power
should be run.
The remaining panels show that there is a large mor-
tality reduction among downstagers (1,0) but also
some within-stage benefit particularly among never-
late-stage individuals (0,0). Because the former ef-
fects (called associative) are larger than the lat-
ter (disassociative), CEP indicates that stage-based
causal pathways dominate non-stage pathways.

Figure 4: Two extremes in causal effectiveness paradigm. In
the left panel, CEP(0, 0) = CEP(1, 1) = 0. In the right,
CEP(1, 0) equals the overall causal effect of Z on Y .

Using surrogate diagnostics

Figure 5: Trial-level decision-making for a proposed surrogate
S.

• Matched projections provide go/no-go decisions;
if very few trials achieve clinically significant
mortality, or the associated surrogate effects
cannot be detected with power, do not run the
trial.

• CEP measures the relative strength of mediated
to unmediated pathways, i.e. differentiates
between the two diagrams in Figure 4. Other
mediators can be added to S or adjusted for in
the prespecified analysis plan.

• The process in Figure 5 can be iterated for
different definitions of S, including varying
reference times (4-year or 6-year LSI?) to find an
optimal surrogate.
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