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Background: Personalized and novel evidence-based clinical treatment strategy
consulting for colorectal cancer has been available through various artificial intelligence
(AI) supporting systems such as Watson for Oncology (WFO) from IBM. However, the
potential effects of this supporting tool in cancer care have not been thoroughly explored in
real-world studies. This research aims to investigate the concordance between treatment
recommendations for colorectal cancer patients made by WFO and a multidisciplinary
team (MDT) at a major comprehensive gastrointestinal cancer center.

Methods: In this prospective study, both WFO and the blinded MDT’s treatment
recommendations were provided concurrently for enrolled colorectal cancers of stages
II to IV between March 2017 and January 2018 at Shanghai Minimally Invasive Surgery
Center. Concordance was achieved if the cancer team’s decisions were listed in the
“recommended” or “for consideration” classification in WFO. A review was carried out
after 100 cases for all non-concordant patients to explain the inconsistency, and
corresponding feedback was given to WFO’s database. The concordance of the
subsequent cases was analyzed to evaluate both the performance and learning ability
of WFO.

Results: Overall, 250 patients met the inclusion criteria and were recruited in the study.
Eighty-one were diagnosed with colon cancer and 189 with rectal cancer. The
concordances for colon cancer, rectal cancer, or overall were all 91%. The overall rates
were 83, 94, and 88% in subgroups of stages II, III, and IV. When categorized by treatment
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strategy, concordances were 97, 93, 89, 87, and 100% for neoadjuvant, surgery,
adjuvant, first line, and second line treatment groups, respectively. After analyzing the
main factors causing discordance, relative updates were made in the database
accordingly, which led to the concordance curve rising in most groups compared with
the initial rates.

Conclusion: Clinical recommendations made by WFO and the cancer team were highly
matched for colorectal cancer. Patient age, cancer stage, and the consideration of
previous therapy details had a significant influence on concordance. Addressing these
perspectives will facilitate the use of the cancer decision-support systems to help
oncologists achieve the promise of precision medicine.
Keywords: Watson for Oncology, artificial intelligence, colorectal cancer, multidisciplinary team,
concordance analysis
INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed
cancer in both men and women worldwide (1). Its incidence and
mortality rates have been increasing in China for several decades
(2). The rapid expansion of clinical databases and massive
genetic profiling programs has raised tremendous challenges
for oncologists where there is insufficient time for tracking the
treatment-related information (3).

Clinical decision-support systems that have emerged in the
early days, called expert systems (4), are computer programs that
help clinicians manage the comprehensive demands of relevant
information developments. These systems collect and analyze
knowledge in ways that allow algorithms to simulate human
reasoning to assist decision-making. AI systems in cancer care
have generally focused on obtaining information from
unstructured data such as text (using natural language
processing) or large structured datasets (using machine-learning
methods) (5). However, a cognitive-support computer program
for cancer treatment has, as far as we know, not emerged until the
development of IBM’s Watson for Oncology (WFO).

Despite substantial computer science and clinical expertise,
mainly from Memorial-Sloan-Kettering Cancer Centre
(MSKCC), guided the development of IBM WFO, which holds
promise for improving the value of cancer care delivery, the
prospects for its use in patients outside the US have not been
examined clearly. According to the reports from oncologists in
China and other countries, concordance of treatment decisions
made by physicians and WFO varies depending on cancer type,
where outcomes in terms of breast cancer (5), lung cancer (6),
and gastric cancer (7) were likely to be highly concordant, the
results in other studies (8, 9) were not.

Hence, we carried out this prospective study to assess the
level of agreement regarding colorectal cancer treatment
between WFO and a multidisciplinary cancer team in a major
comprehensive gastrointestinal cancer center in Shanghai,
China. We report the results of decision concordance using the
AI system and performed an in-depth analysis on patients where
concordance was absent to update the AI model and discuss the
2

potential value of the technology as a clinical adviser and a
learning system in cancer treatment.
PATIENTS AND METHODS

Study Design
This is a prospective, double-blind, and self-controlled trial to
evaluate the clinical conformance between WFO and the
multidisciplinary team of Ruijin Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine (henceforward the RJ MDT) in
patients undergoing colorectal cancer therapy in the gastrointestinal
center. The clinic information of patientswas entered intoWFOwith
patients’ consent, and the results were compared with those of actual
clinical treatment plans made by the RJ MDT (Figure 1). This study
was approved by the ethics committee of Ruijin Hospital.

Patients
Patients admitted to Ruijin Hospital between March 2017 and
January 2018 were eligible for the trial if they were aged between
18 years and 90 years and were diagnosed with colorectal cancer
proven by colonoscopy biopsy. All patients provided informed
written consent and were advised of their extensive rights to
know about related information of the study.

Inclusion Criteria

1. Age between 18 and 90 years.
2. Diagnosis of colorectal adenocarcinoma proven by

colonoscopic biopsy.
3. Clinical or radiological evidence of Stage II (T3-4, N0, M0),

Stage III (T1-4, N1-2, M0), or Stage IV (T1-4, N0-2, M1)
disease [according to the Eighth Edition Cancer Staging
Manual of the American Joint Committee for Cancer (10)].

4. Could provide all the tumor-related information required by
WFO.

5. Patients with recurrence or metastasis should provide the
time of recurrence at least.

6. Have signed the informed consent.
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Exclusion Criteria

1. Multiple primary tumors.
2. Pregnancy.
3. Cases not supported by WFO.
4. Refusal to accept standardized therapy according to the

guidelines.
Procedure
Strategy Determined by the RJ MDT Team
The clinical information of patients was analyzed by the RJ MDT,
which includes multiple experts from the Departments of General
Surgery (including experts specialized in gastrointestinal,
hepatobiliary, and pancreatic surgery), Oncology, Radiology,
Radiation Oncology, Intervention and Radiotherapy, and
Pathology. The treatment plan for each patient was decided
according to the guidelines of The National Comprehensive
Cancer Network (NCCN), the European Society for Medical
Oncology (ESMO), and the Chinese Society of Clinical
Oncology (CSCO). Clinical-experience-based treatment
suggestion was given when the guidelines recommended various
strategies. None of the clinical decisions by RJ MDT was
influenced by WFO’s recommendations.

Decision Made by WFO
Watson for Oncology (IBM Corporation, USA, version 17.3-
17.11) used in our study was provided by Hangzhou Cognitive
Frontiers in Oncology | www.frontiersin.org 3
Network Technology Co., Ltd. (Hangzhou CognitiveCare). The
database was updated every 1–2 months by the training team at
MSKCC. The patients’ clinical information entered into WFO
included general information, performance status, tumor-related
symptoms, clinical stage, laboratory examination, prior treatment,
imaging, metastasis status, pathology, and other essential data. It
generates patient-specific treatment recommendations in three
categories: “Recommended” is strongly evidence-supported, “For
consideration” is a potentially suitable evidence-based alternative
considered by oncologists based on their clinical judgment, and
“Not recommended” is treatment with contraindications or strong
evidence against its use. If the recommendation involves drug
treatment, WFO will mention the therapeutic dose and treatment
mode, as well as adverse reactions, risks, and treatment measures
for the adverse reactions. If WFO cannot give an accurate
judgment, it could recommend global ongoing clinical trials
suitable for this case.

Comparison
WFO and the doctors in charge of running the system were
blinded to the treatment strategies that had been made by the RJ
MDT. Concordance was assessed based on how the MDT’s
therapy strategy was categorized in WFO’s recommendation
list. If MDT’s decision matched the “recommended” or “for
consideration” categories, it was designated as concordant. If the
decision was either in the “not recommended” table or not listed,
the case was defined as non-concordant.

Statistics and Analysis
Descriptive statistics of patients’ characteristics were presented
using Microsoft Excel. Concordance was presented as percent
agreement. Overall survival (OS) was calculated by the Kaplan-
Meier method; the difference between survival curves was
determined by the log-rank test. The difference was considered
statistically significant when P value was less than 0.05. All
analyses were conducted with IBM SPSS 22.0 for macOS (IBM,
Chicago, USA).
RESULTS

Characteristics of Colorectal
Cancer Cases
A majority of enrolled colorectal cancer patients were younger
than 75 years old (217/250, 86.80%), while there were 14
(17.28%) and 19 (11.25%) patients over the age of 75 years in
the colon and rectal cancer groups, respectively. Overall, 69.2%
(173/250) were males, and 30.8% (77/250) were females
(Table 1). In colon and rectal, phase III cases accounted for
48.15% (35/81) and 68.05% (115/169), respectively, while phase
IV ranked second and phased II ranked last (Table 1).
Categorized by final treatment strategy, adjuvant therapy was
the most often implemented recommendation in both groups
(40.74% in colon cancer and 39.05% in rectal cancer; Table 1),
followed by surgery (33.33 and 18.93%, respectively; Table 1)
and first-line treatment (22.22 and 20.71%, respectively;
FIGURE 1 | Flow diagram of the study.
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Table 1). There was also a relatively small proportion of cases
who underwent neoadjuvant and second-line therapy (Table 1).

Concordance of WFO Treatment
Recommendations With the
RJ MDT’s Opinions
Of the 250 patients treated by the RJ MDT experts and WFO in
total, the overall concordance was 91% (Figure 2A). Subgroups
based on the cancer phase showed concordance rates varied by
the staging. Overall cases of Stage III exhibited higher
concordance (94%) than stages II (83%) and IV cancers (88%;
Figure 2A), while cases of stage II colon cancer exhibited higher
concordance (94%) than stages III (92%) and IV colon cancers
(88%; Figure 2B). In contrast, stage II rectal cancer cases showed
a relatively lower concordance rate (72%) than stages III (94%)
and IV rectal cancers (89%; Figure 2C).

When exploring the concordance based on different
treatment strategies, we noticed that the second-line group
had the highest concordance rate of 100% for both cancer types
(Figure 3A). Furthermore, cases recommended undergoing
neoadjuvant therapy and surgery had higher concordance (97,
93%, respectively; Figure 3A) than the other two, namely
adjuvant and first-line groups. Similar results were seen for
colon and rectal cancers, where concordance rates were 96 and
91% in surgery groups of colon cancer (Figure 3B) and rectal
cancer (Figure 3C), respectively. Besides, adjuvant therapy for
the two cancers showed a 91% concordance rate in colon
cancer and 88% in rectal cancer (Figures 3B, C). The
decisions and recommendations of second-line treatment
displayed largely consistent rates of 100% in both cancers
(Figures 3B, C).

Besides, we speculated if there was a difference in the situation
of patients who had consistent or inconsistent results. Patients in
the consistent group compared favorably to the inconsistent
group (p = 0.0049), as shown in Figure 4. In the inconsistent
group, we observed a median overall survival of 29 months,
Frontiers in Oncology | www.frontiersin.org 4
which was not yet available among the consistent group patients
(Figure 4).

Factors Affect the Concordance and
Corresponding Updates of WFO
Continuous training was thought to be fundamental to improve
the capability of WFO. In applying WFO, we discussed the main
reasons resulting in the discordance, and gave feedback to the
platform accordingly. We suggested WFO to avoid adjuvant
therapy in patients over 80 years in March 2017 and received
positive responses from the supporter (Table 2). When treating
postoperative high-risk stage II colorectal cancers, we found
WFO recommended observing strategy, which was against the
CSCO (Chinese Society of Clinical Oncology) guidelines. The
reason might be the absence of high-risk factors evaluation in
dealing with such cases. In spite of a few unresolved proposals,
most problems we reported received feedback of update soon
after (Table 2).

To evaluate the performance of WFO due to its continuous
updating database, we analyzed the concordance rate in every 50
cases grouped by treatment strategy. Noticeable rising curves
were found in most subgroups of various therapy strategies.
Though the concordance met different levels of declines in the
last 50 patients in neoadjuvant, surgery, and adjuvant groups, the
overall rates were higher than the time applying earlier versions
of WFO (Figure 5).
DISCUSSION

The validity and timeliness of clinical guidelines and other
therapeutic information an oncologist uses in practice are
critical to cancer treatment. With the trends of delegating
information-intensive tasks to technologies such as machine
learning algorithms, physicians and computer companies are
seeking a balance in utilizing evidence-based decision-making
support systems in modern clinical practice. While some
physicians applied them as a powerful resource, others,
especially patients, believed the recommendations they made
were already equal to those of the experts. This reflected not only
the perspectives and expectations of patients regarding these
tools but, more importantly, indicated the concerns of
oncologists regarding the validity of the AI-made options. It
has been a long time since we introduced such decision-making
support systems in real life (4), and the exploration of the most
proper model has never ceased.

For such purposes, by examining the concordance between
the advice made by WFO, a decision support tool to provide
personalized medical recommendations, and an experienced
multidisciplinary cancer team, we observed broad agreement
and realized the unfulfilled potential of the self-learning
machine, as prior studies (11, 12) have suggested. Nevertheless,
as we expected, several aspects need to improve. In the early
cases, we observed inconsistency in WFO’s recommendations
with respect to guidelines. As the classical chemotherapy
regimen, FOLFIRI was no longer recommended for adjuvant
TABLE 1 | Baseline characteristics of patients enrolled.

Characteristics Cases, n (%)

Colon cancer Rectal cancer Total

(n = 81) (n = 169) (n = 250)
Gender
Male 54 (66.67) 119 (70.41) 173 (69.20)
Female 27 (33.33) 50 (29.59) 77 (30.80)
Age
<75 years 67(82.72) 150 (88.76) 217 (86.80)
≥75 years 14(17.28) 19 (11.25) 33 (13.20)
Stage
II 18 (22.22) 18 (10.65) 36 (14.40)
III 39 (48.15) 115 (68.05) 154 (61.60)
IV 24 (29.63) 36 (21.30) 60 (24.0)
Treatment strategy
Adjuvant 33 (40.74) 66 (39.05) 99 (39.60)
Surgery 27 (33.33) 32 (18.93) 59 (23.60)
Neoadjuvant 0 (0.00) 30 (17.75) 30 (12.00)
First Line 18 (22.22) 35 (20.71) 53 (21.20)
Second Line 3 (3.70) 6 (3.55) 9 (3.60)
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therapy for stage II or III patients unless enrolled in trials in
either the Chinese Society of Clinical Oncology (CSCO) or the
National Comprehensive Cancer Network (NCCN) guidelines
(13), WFO still listed irinotecan in treatment options. This
situation was resolved in the later updated version of WFO.
Factors resulting in non-concordance could also come from
variations in the aggressiveness of treatment approaches in
patient subpopulations based on age. We found in our trial
that patients over 80, who were not recommended for aggressive
strategies such as chemotherapy in our clinical practice, were
likely to have discordance where WFO still recommended
standard systemic therapy for this subpopulation. However, the
health status of the patients at this age should be rigorously
evaluated to manage the benefits and risks of chemotherapy.

Our study also demonstrated that inconsistency between
WFO and the RJ MDT occurred in 9% of cases, where the
main difference was deriving due to the availability of treatments
in China that were not included in the oncology advisor.

China has the largest cancer population with a particular
cancer spectrum. The different local conditions and customs of
national medicine form different therapeutic experiences and
Frontiers in Oncology | www.frontiersin.org 5
considerations. Since WFO was NCCN guidelines-based and
MSKCC experience-trained AI, inevitable deviation from
therapeutic guidelines arose. We suggest that, in the process of
localizing WFO or developing similar prospective products in
China or places outside the US, it is necessary to take more diverse
patients treated in varying care settings into consideration (14). In
terms of the poor survival rate of patients with inconsistent results,
the worse and more complex status of disease and older age
probably have played a crucial role in causing the difference. But it
also indicates a potential possibility that the AI-powered
supporting system could be used as a clinical assistant to help
make decisions with better outcome.

Despite the endless arguments towards the responsibility
in AI-assisted clinical decision-making systems (15), the
great potentials of computerized decision support tools have
been demonstrated in medical practice, and many modern
technologies are expanding into this area. Google has
developed a deep learning machine that can detect diabetic
retinopathy and diabetic macular edema (16). Microsoft is
exploiting new technology for automated analysis of
radiological images (17). The current and potential AI
A

B

C

FIGURE 2 | Treatment concordance between WFO and the RJ MDT by stage. Concordance rate in both cancer types (A), colon cancers (B), and rectal cancers (C).
RJ MDT, multidisciplinary team of Shanghai Jiao Tong University Medical School affiliated Ruijin Hospital; WFO, Watson for Oncology.
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FIGURE 4 | Survival analysis. Survival analysis of all patients grouped by
concordance and discordance.
Frontiers in Oncology | www.frontiersin.org 6
FIGURE 5 | Timeline visualization of the changes in concordance rate. Trend
curve of concordance rate in every 50 patients grouped by treatment strategy.
A

B

C

A

B

C

FIGURE 3 | Concordance between WFO and the RJ MDT by treatment strategy. Concordance in subgroups of different strategies in both cancer types (A), colon
cancers (B), and rectal cancers (C). RJ MDT, multidisciplinary team of Shanghai Jiao Tong University Medical School affiliated Ruijin Hospital; WFO, Watson for
Oncology.
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applications cover not only clinical practice, such as diagnosis,
robotic surgery, and translational research, such as drug
discovery and repurposing, but also several basic biomedical
research fields, including gene function annotation and
automated experiments (18).

Multi-gene panel testing has been taken into consideration
for prognostic cancer staging in conjunction with the American
Joint Committee for Cancer (AJCC) staging (10). By combining
genomic factors with conventional TNM staging, some
anatomically classified groups (such as T2N0M0, stage 2A)
were down- or upgraded and were determined to be
more suitable therapy in clinical practice. Because of the
trends towards relying more on molecular characteristics,
supplementary decision support might be needed (19). KRAS,
which was involved in NCCN guidelines for colorectal cancer in
2008 for the first time, has proven to be a key biomarker in
applying EGFR-targeted therapies. Though KRAS and BRAF
mutations were considered optional considerations of WFO,
the decision it made did not always match standard treatment
well. In our study, metastatic rectal cancer cases with RAS wt
were treated with cetuximab according to NCCN guidelines
(Version 17.3), and this was absent in WFO’s options. This
may be due to the different treatment strategy of Memorial Sloan
Kettering Cancer Center, where WFO has been trained.

Additionally, the evolving feature of the clinical value of
genetic assays may cause an unprecedented condition in which
a given mutation may not lead to actionable events at the time of
initial diagnosis but may later become considerable as research
progresses become available (20). Therefore, tracking cancer’s
somatic mutations and reanalyzing them in an updated data pool
would seem to be a potential ability of AI-based technology such
as WFO to achieve precision medicine.

Patient perspectives are integral for the advanced use of WFO
in the clinical workflow. Though modern societies, especially
Frontiers in Oncology | www.frontiersin.org 7
those in China, hold optimistic views of applying cutting edge
technology in life, it raises a concern regarding health care,
involving both data security and decision precision. Therefore,
achieving higher levels of patient acceptance of WFO through
systematically upgrade will not only improve oncology practice
but contribute to enhance the relationship of cancer patients and
physicians as well. Given that WFO is not yet commonly used in
practice at the hospital, future studies should exploit their
findings with physicians, as well as patients, in using WFO in
clinical practice.

There are notable limitations to this study. First, the study
design was observational and self-controlled with a relatively
small sample size that may cause the results potentially to be
susceptible to the bias of unmeasured factors. Patients
participated in our study were treated at one comprehensive
gastrointestinal cancer center on China’s east coast. Adding cases
treated in community-based clinics might widen the gap between
WFO and clinician responses and lower the concordance but
improve the value of computer-aided decision support in
minimizing the medical disparities across different regions.

Many who were glad to accept WFO as a resource to provide
oncologists with cutting-edge medical research and knowledge
believed the ideal model of such tools in clinical practice is
to be used as “a tool, not a crutch” (21). By addressing such
perspectives, we wish to facilitate the use of WFO and other
decision support tools, to help realize the promise of more
effective clinical and precision healthcare.
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5. Somashekhar SP, Sepúlveda MJ, Puglielli S, Norden AD, Shortliffe EH, Rohit
Kumar C, et al. Watson for Oncology and breast cancer treatment
recommendations: agreement with an expert multidisciplinary tumor
board. Ann Oncol (2018) 29:418–23. doi: 10.1093/annonc/mdx781

6. Liu C, Liu X, Wu F, Xie M, Feng Y, Hu C. Using Artificial Intelligence
(Watson for Oncology) for Treatment Recommendations Amongst Chinese
Patients with Lung Cancer: Feasibility Study. J Med Internet Res (2018) 20:
e11087. doi: 10.2196/11087

7. Tian Y, Liu X, Wang Z, Cao S, Liu Z, Ji Q, et al. Concordance BetweenWatson
for Oncology and a Multidisciplinary Clinical Decision-Making Team for
Gastric Cancer and the Prognostic Implications: Retrospective Study. J Med
Internet Res (2020) 22:e14122. doi: 10.2196/14122

8. Zou FW, Tang YF, Liu CY, Ma JA, Hu CH. Concordance Study Between IBM
Watson for Oncology and Real Clinical Practice for Cervical Cancer Patients
in China: A Retrospective Analysis. Front Genet (2020) 11:200. doi: 10.3389/
fgene.2020.00200

9. Zhou N, Zhang CT, Lv HY, Hao CX, Li TJ, Zhu JJ, et al. Concordance Study
Between IBMWatson forOncologyandClinicalPractice forPatientswithCancer
in China. Oncologist (2019) 24:812–9. doi: 10.1634/theoncologist.2018-0255

10. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
build a bridge from a population-based to a more “personalized” approach to
cancer staging. CA Cancer J Clin (2017) 67:93–9. doi: 10.3322/caac.21388

11. Garg AX, Adhikari NK, McDonald H, Rosas-Arellano MP, Devereaux PJ,
Beyene J, et al. Effects of computerized clinical decision support systems on
practitioner performance and patient outcomes: a systematic review. JAMA
(2005) 293:1223–38. doi: 10.1001/jama.293.10.1223

12. Pearson SA, Moxey A, Robertson J, Hains I, Williamson M, Reeve J, et al. Do
computerised clinical decision support systems for prescribing change
practice? A systematic review of the literature (1990-2007). BMC Health
Serv Res (2009) 9:154. doi: 10.1186/1472-6963-9-154
13. Loupakis F, Cremolini C, Masi G, Lonardi S, Zagonel V, Salvatore L, et al.
Initial therapy with FOLFOXIRI and bevacizumab for metastatic
colorectal cancer. N Engl J Med (2014) 371:1609–18. doi: 10.1056/
NEJMoa1403108

14. Obermeyer Z, Emanuel EJ. Predicting the Future - Big Data, Machine
Learning, and Clinical Medicine. N Engl J Med (2016) 375:1216–9. doi:
10.1056/NEJMp1606181

15. Braun M, Hummel P, Beck S, Dabrock P. Primer on an ethics of AI-based
decision support systems in the clinic. J Med Ethics (2020), medethics–2019-
105860. doi: 10.1136/medethics-2019-105860

16. Gulshan V, Peng L, Coram M, Stumpe MC, Wu D, Narayanaswamy A, et al.
Development and Validation of a Deep Learning Algorithm for Detection of
Diabetic Retinopathy in Retinal Fundus Photographs. JAMA (2016)
316:2402–10. doi: 10.1001/jama.2016.17216

17. Thompson RF, Valdes G, Fuller CD, Carpenter CM, Morin O, Aneja S, et al.
Artificial intelligence in radiation oncology: A specialty-wide disruptive
transformation? Radiother Oncol (2018) 129:421–6. doi: 10.1016/j.radonc.
2018.05.030

18. Yu K-H, Beam AL, Kohane IS. Artificial intelligence in healthcare. Nat Biomed
Eng (2018) 2:719–31. doi: 10.1038/s41551-018-0305-z

19. Singer J, Irmisch A, Ruscheweyh HJ, Singer F, Toussaint NC, Levesque MP,
et al. Bioinformatics for precision oncology. Brief Bioinform (2019) 20:778–88.
doi: 10.1093/bib/bbx143

20. Patel NM, Michelini VV, Snell JM, Balu S, Hoyle AP, Parker JS, et al.
Enhancing Next-Generat ion Sequencing-Guided Cancer Care
Through Cognitive Computing. Oncologist (2018) 23:179–85. doi: 10.1634/
theoncologist.2017-0170

21. Hamilton JG, Genoff Garzon M, Westerman JS, Shuk E, Hay JL, Walters C,
et al. “A Tool, Not a Crutch”: Patient Perspectives About IBM Watson for
Oncology Trained by Memorial Sloan Kettering. J Oncol Pract (2019) 15:
e277–88. doi: 10.1200/JOP.18.00417

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Aikemu, Xue, Hong, Jia, Wang, Li, Huang, Ding, Zhang, Cai, Lu,
Xie, Li, Zheng and Sun. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
February 2021 | Volume 10 | Article 594182

https://doi.org/10.3322/caac.21551
https://doi.org/10.1136/gutjnl-2018-317124
https://doi.org/10.1200/JCO.2013.51.8480
https://doi.org/10.1126/science.6340198
https://doi.org/10.1093/annonc/mdx781
https://doi.org/10.2196/11087
https://doi.org/10.2196/14122
https://doi.org/10.3389/fgene.2020.00200
https://doi.org/10.3389/fgene.2020.00200
https://doi.org/10.1634/theoncologist.2018-0255
https://doi.org/10.3322/caac.21388
https://doi.org/10.1001/jama.293.10.1223
https://doi.org/10.1186/1472-6963-9-154
https://doi.org/10.1056/NEJMoa1403108
https://doi.org/10.1056/NEJMoa1403108
https://doi.org/10.1056/NEJMp1606181
https://doi.org/10.1136/medethics-2019-105860
https://doi.org/10.1001/jama.2016.17216
https://doi.org/10.1016/j.radonc.2018.05.030
https://doi.org/10.1016/j.radonc.2018.05.030
https://doi.org/10.1038/s41551-018-0305-z
https://doi.org/10.1093/bib/bbx143
https://doi.org/10.1634/theoncologist.2017-0170
https://doi.org/10.1634/theoncologist.2017-0170
https://doi.org/10.1200/JOP.18.00417
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Artificial Intelligence in Decision-Making for Colorectal Cancer Treatment Strategy: An Observational Study of Implementing Watson for Oncology in a 250-Case Cohort
	Introduction
	Patients and Methods
	Study Design
	Patients
	Inclusion Criteria
	Exclusion Criteria

	Procedure
	Strategy Determined by the RJ MDT Team
	Decision Made by WFO
	Comparison
	Statistics and Analysis


	Results
	Characteristics of Colorectal Cancer Cases
	Concordance of WFO Treatment Recommendations With the RJ MDT’s Opinions
	Factors Affect the Concordance and Corresponding Updates of WFO

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


