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Can computational modeling help in personalizing the care of
patients with pancreatic ductal adenocarcinoma?
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Pancreatic cancer is currently the third leading cause of
cancer-related death, and carries a grim prognosis with
S-year survival of only 8% (1). Despite extensive research
there has been minimal improvement in the survival of
these patients, with an estimate that this cancer will become
the second leading cause of cancer related death by 2030 (2).
In recent decades advancements have been made in better
understanding of the biology of this disease and in the use
of combination chemotherapy in advanced disease (3).
However, this progress has not translated into significant
improvement in overall survival, despite many clinical
trials that have been conducted in this arena. Rahib ez al.
evaluated these studies in an attempt to identify benchmarks
that could help predict success of clinical trial efforts (4).
They identified 32 large phase III studies with a total of
13,675 patients which resulted in only three agents or
combinations that were thought to be clinically meaningful.
These data highlight the need for revision in our clinical
trials design and the need for new research approaches in
this disease.

Beyond the overarching poor prognosis that this cancer
carries, there is some heterogeneity among patients, clinical
presentations, and response to therapy. Two unique classes of
pancreatic cancers are well known to have a different pattern
of treatment response: (I) tumors in carriers of germline
BRCA1/2 mutations and (II) microsatellite instability
high (MSI-high) tumors. As such, BRCAI1/2 carriers with
pancreatic cancer have been shown to have pronounced
response to platinum-based therapy (5). Furthermore,
these tumors have shown response to treatment with
PARP inhibitors such as olaparib (6). Albeit a very small
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group of patients, those patients with MSI-high pancreatic
cancers have a favorable response to immunotherapy with
checkpoint inhibitors (7,8). Aside from these two subset
of patients the oncologic community is still struggling to
achieve better prognostication of patients with pancreatic
cancer, and more accurate personalization of treatment.

While majority of patients present with metastatic disease
at diagnosis, about 20-30% present with localized disease
that may be resectable. The prognosis of those patients with
resectable disease is known to be better with 5-year survival
in the range of 20% (9-11). Within this group of patients
there is a small population of patients with low-volume
metastatic disease at presentation or following a curative
resection. Limited data demonstrates a potential benefit of
surgical resection in this highly selected group of patients,
mostly coming from small single institutional studies (12).
This therapeutic approach is not considered the standard of
care, and thus not recommended by available guidelines (13).
A valid biomarker that can aid clinicians in selecting these
patients is not available at this time, however, recent
studies have started to evaluate the unique molecular
profile of these tumors (14,15). Due to the small number of
pancreatic cancer patients with this clinical presentation a
randomized clinical trial to prove the utility of resection in
this population is unlikely to be completed.

The article by Yamamoto et a/. attempts to explore
the feasibility of using computational modeling as a tool
to improve the personalized management of pancreatic
adenocarcinoma patients with specific attention to the
small group of patients with oligometastatic disease.
The model was carefully validated in two independent
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clinical cohorts, adding to the strength of this work. This
computational model is unique in the incorporation of
genetic alterations that occur in key driver genes which
contribute to the pathophysiology of this cancer. Mutations
in KRAS, CDKN2A, TP53 and SMAD#4 were included in
this analysis as they were previously explored as drivers of
disease progression (16,17). The group developed their
computational model such that the tumor initiating cells
harbors the KRAS mutation, and additional mutations
develop as the tumor progresses. The authors demonstrate
the ability of this model to predict survival which was
similar to the survival reported in the two independent
clinical cohorts. The model also analyzed survival based on
the presence of oligometastatic versus wide spread disease,
demonstrating good correlation between survival prediction
by the model and those seen in the clinical datasets. Further
analysis revealed that this model was able to depict similar
distribution of cases in terms of tumor size and number
of metastatic sites in both the computational model and
the clinical cohorts. In summary, the authors elegantly
demonstrate the ability of their model to reproduce the
progression of pancreatic cancer as recorded in clinical
practice of two different regions around the world.

The model was further used to better define the subset
of patients with oligometastatic disease. Within this
model such patients had a lower number of cells with two
genetic alterations (ALT,,) as compared to patients with
wildly metastatic disease. This data was used to develop a
computational clinical trial in which patients were classified
based on the number of ALT,,, cells (>10° or <10° cells).
In this theoretical trial patients were randomized to
adjuvant chemotherapy versus adjuvant chemoradiation
following curative resection. The analysis demonstrated the
beneficial effect of adjuvant chemoradiation in the subset
of patients with low number of ALT,,, cells. This trend
was also observed when applied to neoadjuvant therapy
with chemoradiation. Similarly, this model was used to
develop a computational clinical trial to assess the benefit
of surgical resection of oligometastatic disease stratifying
patients by the number of ALT,,, cells and randomizing
them to chemotherapy, chemoradiation or local resection.
The results demonstrated improved overall survival with
surgical resection or chemoradiation, only in the group
of patients with low number of ALT,,, cells. In summary,
the data supports the use of adjuvant chemoradiation, as
well as local resections or salvage chemoradiation of an
isolated recurrent site in a specific group of patients with
oligometastatic disease and certain genetic profile.
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In the above study the authors focused on four “driver”
genes that commonly harbor mutations in pancreatic
cancer [KRAS, CDKN2A (p16), TP53 and SMAD4].
Furthermore, their model takes into account the sequence
of development of these mutation within the pancreatic
cancer cell with KRAS mutation occurring in early stage
followed by alteration in the other three genes at later
stages of the disease. Although these mutations are the
ones seen most frequently in this tumor, we currently lack
drugs that target them therapeutically. Utilizing the ground
work set by this model to develop a mathematical model
that includes rare yet targetable mutations with therapeutic
effect is warranted. With collection of large amount of
genomic sequencing data, it is clear today that the genetic
landscape of pancreatic adenocarcinoma consistent of small
number of frequently mutated genes followed by multiple
genes that are infrequently mutated (17,18). In recent years
multiple groups have attempted to classify pancreatic cancer
by distinct molecular signatures, yet these classifications
have not yet been able to guide the clinical approach
(18-20). However multiple research efforts around the
world are trying to hone in on the genetic profile and use it
to promote pre-clinical and clinical development of novel
targets. One such platform is the “PRECISION-Promise”
initiative by the Pancreatic Cancer Action Network
(PanCan) in the Unites States that aims to coordinate
pre-clinical drug discovery and patient specific treatment
approaches.

The model described by Yamamoto and colleagues focuses
on mutation development within a single cell. There is clear
value to evaluation of single cells within the tumor in order
to better understand the heterogeneity across the cancer
and improve the understanding of the tumor biology (21).
Insight into the tumor heterogeneity will allow us to better
understand intercellular pathways, and mechanisms that
influence disease progression. Furthermore, this knowledge
will improve our ability to tailor therapy and insure its
effect on all the cells within the tumor. The development of
platforms that would allow single cell analysis is underway
as well as efforts to move this research tool into clinical
practice. Using computational models such as the one in
this study along with novel single cell analysis platforms
could further our understanding of pancreatic cancer, and
open the door for more innovative therapies.

All together, this study demonstrates the feasibility of
using mathematical models to analyze clinical features and
disease outcomes as well as develop innovative methods to
study a unique small group of patients. Using such tools
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may enable us to identify factors that distinguish patients’
therapeutic response and identify those that would benefit
from non-standard treatments. In the current era in
which the use of big-data is rapidly expanding as a tool to
study cancer while considering multiple factors including:
genetics, biology, environmental exposure, treatment, and
many more, we are likely to see more studies such as the
one published by Yamamoto ez 4/. The Blue-Ribbon Panel
as part of the Cancer Moonshot Act published an opinion
paper summarizing their road map for implementation
this form of research calling for harnessing of the power of
big-data in innovative simulation and modeling studies to
guide practice (22). Big-data has been used to study real-
world treatment patterns and patients’ outcomes, yet its
use for modeling, and for simulation of clinical trials is still
in its infancy. This type of initiative will allow for efficient,
cost-effective analysis with prompt results that would
decrease the need for large clinical trials. Furthermore, the
technological ability to encompass large number of variables
into the mathematical model in this form of research, allows
for the development of a more precise and accurate studies.
Finally, given the heterogeneity of each cancer, using this
approach can allow for studying a very small unique group
of patients that may otherwise require large amount of
resources for the conduct of a traditional clinical trial.
Clinical research in pancreatic cancer carries many
challenges including the tumor’s anatomical location which
may limit tissue acquisition and the aggressiveness of this
malignancy which does not allow for any delay in treatment
initiation and thus may limit the patient’s enrollment on
studies. As we continue to engage in extensive pre-clinical
as well as clinical research with the goal to improve the
survival of patients with pancreatic cancer we must consider
alternative research strategies such as the one outlined in
this manuscript. The use of mathematical modeling to
analyze data and conduct theoretical clinical trials could
serve as a robust tool that can be used to guide actual
clinical trials design and optimize utilization of resources
and patients’ participation in clinical research. As these
types of models are refined, development of a user friendly
graphic interaction tool based on mathematical modeling
should be evaluated prospectively to better assess its clinical
utility. Yamamoto and colleagues should be commended on
leading the way in this innovative research methodology.

Acknowledgments

Funding: 'This wok was supported in part by Cancer Center

© Annals of Pancreatic Cancer. All rights reserved.

apc.amegroups.com

Page 3 of 4

Support Grant 3 P30 CA006927 from the NIH.

Footnote

Provenance and Peer Review: This is an invited Editorial
commissioned and reviewed by Editor-in-Chief Lei Zheng
(Departments of Oncology and Surgery, The Sidney
Kimmel Comprehensive Cancer Center, Johns Hopkins
University School of Medicine, Baltimore, Maryland, USA).

Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/apc.2018-05.01). ED reports grants from Illy
Lilly, grants and other from Pfizer, grants from GSK, grants
from Incyte, grants from Astrazeneca, grants from Boston
Biomedical, grants from Merck, grants from Bayer, grants
from Medimmune, outside the submitted work. The author
has no other conflicts of interest to declare.

Ethical Statement: The author is accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017.
CA Cancer J Clin 2017;67:7-30.

2. Rahib L, Smith BD, Aizenberg R, et al. Projecting cancer
incidence and deaths to 2030: the unexpected burden of
thyroid, liver, and pancreas cancers in the United States.
Cancer Res 2014;74:2913-21.

3. Borazanci E, Dang CV, Robey RW, et al. Pancreatic
Cancer: "A Riddle Wrapped in a Mystery inside an
Enigma". Clin Cancer Res 2017;23:1629-37.

4. Rahib L, Fleshman JM, Matrisian LM, et al. Evaluation
of Pancreatic Cancer Clinical Trials and Benchmarks for

Clinically Meaningful Future Trials: A Systematic Review.

Ann Pancreat Cancer 2018;1:17


http://dx.doi.org/10.21037/apc.2018-05.01
http://dx.doi.org/10.21037/apc.2018-05.01
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 4 of 4

10.

11.

12.

13.

JAMA Oncol 2016;2:1209-16.

Golan T, Kanji ZS, Epelbaum R, et al. Overall survival
and clinical characteristics of pancreatic cancer in BRCA
mutation carriers. Br J Cancer 2014;111:1132-8.

Kaufman B, Shapira-Frommer R, Schmutzler RK, et

al. Olaparib monotherapy in patients with advanced
cancer and a germline BRCA1/2 mutation. ] Clin Oncol
2015;33:244-50.

Le DT, Uram JN, Wang H, et al. PD-1 blockade in
mismatch repair deficient non-colorectal gastrointestinal
cancers. JAMA oncol 2016;34:abstract 195.

Le DT, Uram JN, Wang H, et al. PD-1 Blockade in
Tumors with Mismatch-Repair Deficiency. N Engl ] Med
2015;372:2509-20.

Neoptolemos JP, Stocken DD, Friess H, et al. A
randomized trial of chemoradiotherapy and chemotherapy
after resection of pancreatic cancer. N Engl ] Med
2004;350:1200-10.

Oettle H, Post S, Neuhaus P, et al. Adjuvant chemotherapy
with gemcitabine vs observation in patients undergoing
curative-intent resection of pancreatic cancer: a
randomized controlled trial. JAMA 2007;297:267-77.
Chakraborty S, Singh S. Surgical resection improves
survival in pancreatic cancer patients without vascular
invasion- a population based study. Ann Gastroenterol
2013;26:346-52.

Renz BW, Boeck S, Roeder E et al. Oligometastatic
Disease in Pancreatic Cancer - How to Proceed? Visc Med
2017;33:36-41.

Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic
Adenocarcinoma, Version 2.2017, NCCN Clinical
Practice Guidelines in Oncology. ] Natl Compr Canc

doi: 10.21037/apc.2018.05.01

Cite this article as: Dotan E. Can computational modeling

help in personalizing the care of patients with pancreatic ductal

adenocarcinoma? Ann Pancreat Cancer 2018;1:17.

© Annals of Pancreatic Cancer. All rights reserved.

14.

15.

16.

17.

18.

20.

21.

22.

apc.amegroups.com

Annals of Pancreatic Cancer, 2018

Netw 2017;15:1028-61.

Winter JM, Tang LH, Klimstra DS, et al. Failure patterns
in resected pancreas adenocarcinoma: lack of predicted
benefit to SMAD4 expression. Ann Surg 2013;258:331-5.
Tacobuzio-Donahue CA, Fu B, Yachida S, et al. DPC4
gene status of the primary carcinoma correlates with
patterns of failure in patients with pancreatic cancer. J Clin
Oncol 2009;27:1806-13.

Biankin AV, Waddell N, Kassahn KS, et al. Pancreatic
cancer genomes reveal aberrations in axon guidance
pathway genes. Nature 2012;491:399-405.

Jones S, Zhang X, Parsons DW, et al. Core signaling
pathways in human pancreatic cancers revealed by global
genomic analyses. Science 2008;321:1801-6.

Dreyer SB, Chang DK, Bailey P, et al. Pancreatic
Cancer Genomes: Implications for Clinical Management
and Therapeutic Development. Clin Cancer Res
2017;23:1638-46.

. Bailey P, Chang DK, Nones K, et al. Genomic analyses

identify molecular subtypes of pancreatic cancer. Nature
2016;531:47-52.

Waddell N, Pajic M, Patch AM, et al. Whole genomes
redefine the mutational landscape of pancreatic cancer.
Nature 2015;518:495-501.

Keating SM, Taylor DL, Plant AL, et al. Opportunities
and Challenges in Implementation of Multiparameter
Single Cell Analysis Platforms for Clinical Translation.
Clin Transl Sci 2018;11:267-76.

Jaffee EM, Dang CV, Agus DB, et al. Future cancer
research priorities in the USA: a Lancet Oncology
Commission. Lancet Oncol 2017;18:e653-706.

Ann Pancreat Cancer 2018;1:17



