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Research Summary
The goal of this project was to develop advanced, but practical, mathematical meth-

ods for prospectively predicting and optimizing the response of the individual breast cancer
patient to neoadjuvant therapy (NAT; i.e., treatment administered prior to surgery). Im-
portantly, patients who achieve a complete response to NAT have increased recurrence-free
survival; conversely, patients who have residual disease after NAT are at increased risk of
early recurrence and death. If it could be definitively determined—early in the course of
NAT—that a therapeutic regimen is unlikely to achieve a complete response, then the in-
effective treatment could be replaced with an alternative strategy, potentially improving
outcomes. Currently, the response of breast tumors to NAT is neither predicted nor opti-
mized, it is merely assessed. With therapeutic options increasing, we simply must develop
accurate and rapid methods for predicting response so that treatments can be customized
on an individual patient basis. To attack this problem, we sought to construct the mathe-
matical formalism to predict the eventual tumor response using only pretreatment patient
data, and then construct digital twins capable of identifying patient-specific, therapeutic
regimens hypothesized to dramatically outperform the standard-of-care regimen.

We developed a method to use multi-parametric MRI to integrate mechanism-based
modeling and deep learning to predict the spatio-temporal response of breast cancer to
NAT—and do so before treatment is initiated. Patients enrolled in the breast cancer Moon-
shot Program at MDAnderson received multi-parametric MRI exams before (V1) and during
(V2, V3) NAT. For each patient, we calibrated a simplified version of our mechanism-based
model to all imaging visits to determine model parameters describing the spatiotemporal
changes in tumor cellularity in response to NAT. We then trained a convolutional neural
network (CNN) over a cohort (n = 94) to predict the calibrated model parameters from the
V1 MRI data. The predicted parameters were then used in the mechanism-based model
to predict tumor cellularity at V2 and V3. Receiver operator characteristic analysis shows
that the CNN-predicted tumor cellularity at V3 achieves an area under curve of 0.72 in
the test cohort (n = 24) for differentiating between patients who do and do not respond to
therapy. We are working to improve this result by adjusting our CNN to predict calibrated
parameters in our more comprehensive mechanism-based model. To the best of our knowl-
edge, this is the first time spatio-temporally resolved predictions of tumor response have
been obtained using only the pre-treatment images.
Another critical barrier to improving response to NAT is the lack of rigorous ways to per-
sonally tailor therapeutic regimens. To address this problem, we developed a method to
systematically investigate alternative therapeutic regimens on a patient-specific basis in a
group of chemo-sensitive patients (n = 37; 19 pCR, 18 non-pCR) who received only NAC
for the treatment of triple negative breast cancer. In particular, we quantified response
when altering the schedules of Adriamycin/Cytoxan/Taxol (A/C/T) administration. Each
patient’s digital twin was used to predict response to 128 clinically reasonable schedules



of A/C/T administration; i.e., eight candidate A/C schedules in a combination with 16
candidate Taxol schedules (Table 1).

Table 1: Candidate Therapeutic Schedules.

Treatment No. of Cycles Duration of Therapy (days)
A/C 4 56, 60, 64, 68, 72, 76, 80, 84
Taxol 12 56, 60, 64, 68, 72, 76, 80, 84
Taxol 4 56, 60, 64, 68, 72, 76, 80, 84

The predicted response (pCR or non-pCR) from each alternative schedule is compared
to the response the patient experienced from the treatment regimen they actually received.
Without changing the total therapeutic dose, shortening the duration of either A/C or Taxol
administration increases the treatment efficacy to different degrees in different patients. In
particular, eight patients who had residual disease after their actual treatment were pre-
dicted to achieve pCR had they have received dense-dose Taxol administration (i.e., four cy-
cles Taxol, two weeks per cycle), indicating a nearly 22% improvement of pCR rate in the co-
hort. Figure 1 summarizes the outcomes predicted by a subset of these combinations for one
patient.

Figure 1: The surface plot shows
what the final tumor burden (vertical
axis) is predicted to be given a range of
combinations of A/C and Taxol. Note
that the black circle indicates the NAT
regimen the patient actually received
which led to a non-pCR outcome (i.e.,
residual disease). The blue circles indi-
cate other standard-of-care (SOC) op-
tions that, in theory, would have led to
a better outcome. This raises exciting
hypotheses about how to treat future
patients.

Preliminary results of the study demonstrate that the digital twin approach provides a
unique opportunity for improving the response of triple negative breast cancer to NAT
through patient-specific optimization of the therapeutic schedule. Ongoing efforts are fo-
cused on accounting for toxicity and investigating the effects of altering therapy types and
doses in combination with the schedule strategies on the patient response. We believe this
patient-specific approach to oncology will move the focus from the population “average” to
the individual, resulting in a true paradigm shift to the current clinical care model. Im-
portantly, the methods summarized above are applicable to any cancer for which NAT is
indicated and the requisite data is available.
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