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Objective: The disease complexity of metastatic non-small-cell lung cancer (mNSCLC)

makes it difficult for physicians to make clinical decisions efficiently and accurately. The

Watson for Oncology (WFO) system of artificial intelligence might help physicians by

providing fast and precise treatment regimens. This study measured the concordance of the

medical treatment regimens of the WFO system and actual clinical regimens, with the aim of

determining the suitability of WFO recommendations for Chinese patients with mNSCLC.

Methods: Retrospective data of mNSCLC patients were input to the WFO, which generated

a treatment regimen (WFO regimen). The actual regimen was made by physicians in a

medical team for patients (medical-team regimen). The factors influencing the consistency of

the two treatment options were analyzed by univariate and multivariate analyses.

Results: The concordance rate was 85.16% between the WFO and medical-team regimens

for mNSCLC patients. Logistic regression showed that the concordance differed significantly

for various pathological types and gene mutations in two treatment regimens. Patients with

adenocarcinoma had a lower rate of “recommended” regimen than those with squamous cell

carcinoma. There was a statistically significant difference in EGFR-mutant patients for “not

recommended” regimens with inconsistency rate of 18.75%. In conclusion, the WFO regi-

men has 85.16% consistency rate with medical-team regimen in our treatment center. The

different pathological type and different gene mutation markedly influenced the agreement

rate of the two treatment regimens.

Conclusion: WFO recommendations have high applicability to mNSCLC patients in our

hospital. This study demonstrates that the valuable WFO system may assist the doctors better

to determine the accurate and effective treatment regimens for mNSCLC patients in the

Chinese medical setting.

Keywords: metastatic non-small-cell lung cancer, Watson for Oncology, concordance,

artificial intelligence, treatment recommendations

Introduction
Lung cancer is one of the malignant tumors that seriously harms human health and

has a heavy disease burden.1,2 The incidence and mortality of lung cancer world-

wide rank first among all malignant tumors.1–3 The mortality rate of lung cancer is

also the highest among malignant tumors in China, and there were approximately

0.73 million new cases each year.4 Non-small-cell lung cancer (NSCLC) accounts

for 80–85% of cases, with 65–70% diagnosed at the metastatic stage,5,6 and the

reported 5-year survival rate was only 1–5%.7,8 Most (57%) lung cancer patients

had distant metastases at the time of their initial diagnosis.9 The metastatic
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non-small-cell lung cancer (mNSCLC) patients are usually

treated with chemotherapy, targeted therapies, and suppor-

tive medicine.10 Because of the molecular heterogeneity of

NSCLC, up to 69% of patients with mNSCLC could have

a potentially actionable molecular target,6,11 and the pre-

sence of different gene mutations could result in differ-

ences in the optimal treatment regimen. In recent years,

molecular targeted therapy for mNSCLC involving the

most-frequent driver genes of adenocarcinoma has become

an important strategy.11

The conflict between the available medical resources

and the medical needs of patients is increasing.12 With the

enormous number of new antineoplastic drugs emerging

and the other rapid development in the tumor field, physi-

cians cannot keep up with the latest research findings and

guidelines to better treat their patients.13,14 This situation

makes it impossible to provide an appropriate treatment

regimen efficiently and quickly to a specific lung cancer

patient. Simultaneously, the lack of authoritative oncolo-

gists is further impeding the current situation.

It has been proposed that the above contradictions might

be solved accurately and efficiently by using the Watson for

Oncology (WFO) system to help oncologists to choose the

appropriate treatment option for a patient within a few

minutes.12 WFO combines all of the available clinical

information and the latest evidence and guidelines to

make informed treatment recommendations.13 WFO was

introduced into China in March 2017 and is now used by

many medical institutions.12 Consistency of treatment regi-

mens between WFO and oncologists had been observed for

breast cancer, lung cancer, gastric cancer, colon cancer,

rectal cancer, cervical cancer, and ovarian cancer.12,15-17

However, the concordance varies significantly according

to different countries and cancer types.12,15-17

There are many guidelines for NSCLC precise thera-

pies. The commonly used clinical guidelines include the

ASCO (American Society of Clinical Oncology) lung

cancer guideline, National Comprehensive Cancer

Network (NCCN) Clinical Practice guideline, European

Society of Cancer Internal Medicine (ESMO) guideline,

and Chinese Society of Clinical Oncology (CSCO) guide-

line. However, these national guidelines have disparate

treatment details for the same disease due to national and

even regional differences in drug approvals or medical

policies. WFO was developed based on NCCN guidelines,

whereas the treatment of lung cancer patients in China

mostly follows CSCO guidelines. Although the WFO sys-

tem as a new research and application field had been

explored in lung cancer,12,15,17 the samples of the asso-

ciated studies have been too small. In particular, there is

currently inadequate information available on mNSCLC in

Chinese patients.

The present study therefore selected mNSCLC for an

investigation of the consistency between WFO treatment

regimens and medical-team treatment regimens. This

study was designed to analyze the consistency of a WFO

regimen for the first-line medical treatment of mNSCLC in

Chinese patients with the medical-team regimen, and

determine the possible factors influencing the differences.

Methods
Introduction of Our Hospital
The First Affiliated Hospital of Xi’an Jiaotong University

is one of the Chinese first Top 100 Hospitals.18 The oncol-

ogy department in our hospital serves more than 30,000

cancer patients each year, and it is the largest and most

comprehensive cancer treatment, teaching, and research

center in Shaanxi Province.19

Patient Selection
This retrospective study included consecutive patients who

received first-line therapy for mNSCLC in the First

Affiliated Hospital of Xi’an Jiaotong University (Xi’an,

China) between January 2016 and May 2018. This study

protocol was approved by the institutional review board

and included a waiver of informed consent for the anon-

ymous collection and analysis of data. The study protocol

was approved by the medical ethics committee of the

Xi’an Jiaotong University Hospital (approval No.

XJTU1AF2018LSK-16) and included a waiver of

informed consent for the anonymous collection and analy-

sis of data. All methods were performed in accordance

with the China Food and Drug administration of principles

of Good Clinical Practice (Regulation of Order No.3).

Clinical data were collected on patients who received

antitumor treatment, such as sex, age, pathological type,

genetic mutations, and major metastatic sites. A flow dia-

gram of patient selection process is demonstrated in

Figure 1. The inclusion criteria for this study were as

follows: 1) older than 18 years, 2) pathologically con-

firmed mNSCLC, and 3) no previous systemic therapy

for metastatic disease. The exclusion criteria were as fol-

lows: 1) NSCLC diagnosed and patient examined without

receiving antitumor treatment, 2) presence of metastasis in

patients who had previously received antitumor treatment,
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3) undergoing radiotherapy or radio-chemotherapy for

NSCLC patients, 4) missing information for NSCLC

patients receiving first-line treatment, or 5) being enrolled

in a clinical trial.

Evaluation of Consistency
The hospital regimen was determined by the oncologist of

the medical team. The medical team is composed of

oncologists, radiation oncologists, pathologists, thoracic

surgeons, radiologists, pharmacists, palliative care specia-

lists, and so on. The clinical routine diagnosis and treat-

ment process in our hospital is as follows. After patients

are hospitalized, the junior doctors collect patients’ data

and gather the relevant experts to form the medical team.

Then, the medical team develops comprehensive regimens

and implements them after discussion. Patient information

was collected by a study team member. The collected

information was entered into WFO and documented the

WFO recommended regimen by another team member.

Both team members were blinded to the recommendations

of the medical team. WFO treatment regimens were pro-

vided in three categories: “recommended” with a strong

base of evidence, “for consideration” with that oncologists

may consider a suitable alternative based on their clinical

judgment, and “not recommended” with contraindications,

strong evidence against their use,12,16 or recommendation

of not availability. Concordance was met when the medi-

cal-team regimen was consistent with the “recommended”

or “for consideration” category of the WFO system, while

“not recommended” indicated discordance. WFO version

18.9 was free charged to use in this study.

Data Analysis and Statistics
Patients’ information was analyzed using standard statis-

tical software (SPSS version 23). Differences between the

baseline characteristics of patients were assessed using

Pearson’s χ2 or Fisher’s exact test. The factors influencing
the consistency of the two treatment options were analyzed

by univariate and multivariate analyses. Covariates with a

p-value of less than 0.2 in a univariate analysis were

entered into the multivariate analysis. OR and 95% CI

values were calculated. P values less than 0.05 were con-

sidered statistically significant.

Results
Characteristics of Metastatic Lung Cancer

Patients
The demographic characteristics of metastatic patients are

listed in Table 1. The 310 included patients comprised 215

(69.35%) males and 95 (30.65%) females. There were 107

patients (34.52%) aged at least 65 years and 203 (65.48%)

younger than 65 years. The proportion with adenocarci-

noma was 70%, while 29.34% had squamous cell carci-

noma and 0.65% had large-cell carcinoma. Driver gene

detection was tested in 108 patients, while revealed 77

patients with an epidermal growth factor receptor

(EGFR) mutation, three patients with anaplastic lym-

phoma kinase (ALK) rearrangement positivity, and 28

patients with no gene mutation. The results for driver

genes indicated that 80 patients (74.07%) might have

chosen tyrosine kinase inhibition as a targeted therapy.

The incidence of tumor metastasis (in decreasing order)

was as follows: 123 cases of lymph node metastasis

throughout the body (39.68%), 101 of pleural metastasis

(32.58%), 92 of lung metastasis (29.68%), 91 of bone

metastasis (29.35%), 35 of liver metastases (11.29%),

and 33 of brain metastasis (10.65%).

1513 patients of metastatic non-small cell 

lung cancer from January 2016 to May 2018

36 patients with unknown pathological type 

1447 cases

340 patients only underwent some

examinations without anti-tumor treatment

1137 cases

502 patients received systematic treatment in 

the past

635 cases

167 patients with part of information missing

468 cases

104 patients underwent radiotherapy or radio-

chemotherapy

364 cases

53 patients participated in clinical trials

311 cases

1 patient < 18 years old

310 patients included in present study

Figure 1 Flow diagram of metastatic non-small-cell lung cancer patient selection.
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The Consistency of WFO and Medical-

Team Recommendations
The consistency results are presented in Figures 2 and 3. The

actual treatment regimens coincided with 34.52% and

50.64% of the “recommended” and “for consideration” in

WFO treatment regimens, respectively. It means that the

concordance rate for both “recommended” and “for consid-

eration” in WFO regimens reached 85.16%, with a discor-

dance rate for “not recommended” regimens accounting for

only 14.84%. The concordance of “recommended” rate was

19.82% and 70.33% in adenocarcinoma and squamous cell

carcinoma patients, respectively, and that of “for considera-

tion” being 67.74% and 8.79%, respectively (P<0.001,

Figure 2). Mutation of adenocarcinoma is also important

factor influencing the consistency of treatment regimens

(P<0.001, Figure 2). There were no significant differences

between the treatment regimens for gender, age (<65 vs ≥65

years), ECOG score, TNM stage, or metastasis site

(Figure 2).

The main pathological types of NSCLC were adenocar-

cinoma and squamous cell carcinoma. The overall concor-

dance rates were 87.56% and 79.12% for adenocarcinoma

and squamous cell carcinoma patients, respectively, with no

significant difference (Figure 3). In particular, the rate of

inconsistency was significantly higher (P<0.001) in the two

treatment regimens for the adenocarcinoma patients with

detected mutation (ie, EGFR or ALK), at 18.75% (15/80),

than for the patients with no mutation detected or unknown

mutation status (Figure 3).

Tables 2 and 3 present the results of the logistic regres-

sion of concordance according to patient age, gender,

EOCG score, T stage, N stage, M Stage, pathological

type, metastasis, and gene mutation. The odds ratios in

Table 2 denote the odds that concordance of “recom-

mended” will occur in a given group relative to the odds

of concordance in the reference group. The “recommended”

rate of the actual treatment team in WFO system and

influencing factors were observed. An odds ratio of more

than 1 indicates greater odds of concordance, equal to 1

shows odds equal odds, and less than 1 means lesser odds.

Table 3 presents the concordance of “recommended” and

“For consideration”. The “recommended” and “For consid-

eration” regimens of the actual treatment team were

observed in WFO system. The odds ratios in Table 3 denote

the odds that concordance of “recommended” and “For

consideration”.

Compared with the “for consideration” and “not recom-

mended” of WFO treatment regimens, the univariate logis-

tic regression analysis showed that the concordance of

“recommended” regimen differed significantly for various

gender, EOCG scores, N stage, pathological types, gene

mutations between the two treatment regimens (Table 2).

The multivariate logistic regression analysis revealed that

the T stage (P<0.05), N stage (P<0.05), pathological types

(P<0.001) and gene mutations (P<0.001) remarkably

affected consistency of the two treatment regimens.

Whereas, compared with the agreement rate for concor-

dance of “recommended” and “for consideration” regimens,

there was a statistically significant difference in the “not

recommended” patients of gender, gene mutation in uni-

variate logistic regression analysis (Table 3). The multi-

variate logistic regression analysis demonstrated that

Table 1 Baseline Characteristics of Patients with Metastatic

Non-Small-Cell Lung Cancer (n=310)

Characteristic (n) %

Gender

Male 215 69.35

Female 95 30.65

Age Distribution

≥65 107 34.52

<65 203 65.48

Pathological Types

Adenocarcinoma 217 70.00

Squamous cell carcinoma 91 29.35

Large cell carcinoma 2 0.65

Gene Mutation Status

EGFR common mutation 65 20.97

EGFR uncommon mutation 12 3.87

EGFR no mutation 28 9.03

ALK rearrangement

positivity

3 0.97

Unknown 202 65.16

Site of Metastasis

Lymph node metastasis 123 39.68

Pleural metastasis 101 32.58

Lung metastasis 92 29.68

Bone metastasis 91 29.35

Liver metastasis 35 11.29

Brain metastasis 33 10.65

Others 14 4.52

Notes: common EGFR mutation included EGFR exon 19 deletions mutation and

EGFR 21 exon mutation (L858R); uncommon EGFR mutation included EGFR exon

18 mutation (G719X), EGFR exon 20 insertion, and EGFR exon 18 and 20 mutation

(G719X, S768I).

Abbreviations: EGFR, epidermal growth factor receptor; ALK, anaplastic lym-

phoma kinase.
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various gene mutations had significantly affected concor-

dance (Table 3).

Consistency of the Influencing Factors
Table 4 shows that these adenocarcinoma patients with

EGFR mutation should have chosen osimertinib according

to the WFO system, but they actually chose other targeted

drugs or chemotherapy drugs. In the same situation, 3

patients with ALK rearrangement positivity should choose

alectinib instead of crizotinib. For adenocarcinoma

patients with no genetic mutations and unknown genetic

mutations, the recommended regimens are “cisplatin com-

bined pemetrexed plus bevacizumab” or “cisplatin com-

bined docetaxel plus bevacizumab” in WFO system.

However, these patients actually used chemotherapy regi-

mens without bevacizumab or other similar chemotherapy

regimens because of cost (Table 4).

There was discordance between the WFO and med-

ical-team regimens in 10.26% of patients (4/39) with

deletion mutations in exon 19 of EGFR, in 71.2% of

patients (5/7) with insertions in exon 20, and in

19.23% of patients (5/26) with mutations in exon 21

(Figure 2 and Table 4). The medical-team regimens are

“not recommended” in the WFO, which are mainly

reflected in the difference of molecularly targeted

drugs (Table 4). Three patients with ALK rearrange-

ment positivity showed consistency in the two treat-

ment regimens.

The reasons for “for consideration” and “not recom-

mended” regimens in 203 cases are presented in Figure 4.

There were 64.53% of patients who could not afford the

standard treatment because of financial burden, while

16.75% of patients (n=34) chose different drugs because

of the preference of their medical team, and 15.27% of

patients (n=31) could not obtain the drug in China. For

example, nivolumab, pembrolizumab, and atezolizumab

are not available in China during the study period.

Inconsistency between the recommendations from the

0 20 40 60 80 100

all

male
female

age≥65 years
age<65 years

ECOG 2
ECOG 1
ECOG 0

Tx
T4
T3
T2
T1

Nx
N3
N2
N1
N0

M1c
M1b
M1a

large cell carcinoma
squamous cell carcinoma

adenocarcinoma

multiple metastasis
single metastasis

unknown
ALK positive of adenocarcinoma
no mutation of adenocarcinoma

mutation of adenocarcinoma

EGFR exon 18 and 20 mutation
EGFR exon 21 mutation
EGFR exon 20 insertion

EGFR exon 19 deletion mutation
EGFR exon 18 mutation

not recommended rate consideration rate

P=0.104

P=0.405

P=0.200

P<0.001

P=0.184

P=0.148

P=0.024

P<0.001

P=0.200

P=0.406

recommended rate

Percentage %

Figure 2 Consistency of Watson for Oncology regimens and medical-team recommendations in patients with metastatic non-small-cell lung cancer.

Abbreviations: EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group.
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CSCO guidelines and NCCN guidelines accounted for

3.45% of the patients (n=7).

Discussion
Patients with mNSCLC have short overall survival and poor

prognosis. The main first-line systemic treatment for

mNSCLC is drug therapy.10 The clinical management of

NSCLC patients has evolved rapidly over the past 20 years.

The clinical strategy has been based on a molecularly driven

approach due to the development of targeted therapies

against the driver gene mutations, which has improved the

outcomes for patients. The discovery of increasing numbers

of driver genes and targeted drugs has extended survival,

but this also brings difficulties in clinical decision-making.

Fortunately, the rapid developments in AI will powerfully

support physicians in generating precise treatment regimens

for patients quickly and efficiently.20 The consistency

between WFO and medical-team regimens for breast cancer

has been reported at 93%.16 However, the consistency

between WFO and actual clinical regimens for mNSCLC

in China has rarely been reported.

The total agreement rate of medical-team and WFO

regimens was 85.16% (Figure 2), which was also similar

to a previously reported rate of 84.6% for stage IV

NSCLC patients,15 but higher than those of 61.1%

reported for NSCLC patients.12 A 34.52% of the medi-

cal-team regimens were consistent with “recommended”

WFO regimens, while 50.64% were consistent with the

“for consideration” regimens (Figure 2), which was similar

to a consistently of one-half “for consideration” options

reported previously.15 The “recommended” rate of adeno-

carcinoma is lower than that of squamous cell carcinoma,

but the “for consideration” rate is higher, because some

adenocarcinoma patients did not use the preferred tyrosine

kinase inhibitor recommended by WFO, chose chemother-

apy regimen. Medical insurance and the low proportion of

EGFR detection in China21 were important reasons for

these differences.

0 20 40 60 80 100

overall

male
female

age ≥ 65 years
age < 65 years

ECOG2
ECOG1
ECOG0

Tx
T4
T3
T2
T1

Nx
N3
N2
N1
N0

M1c
M1b
M1a

large cell carcinoma
squamous cell carcinoma

adenocarcinoma

multiple metastasis
single metastasis

unknown
ALK positive of adenocarcinoma
no mutation of adenocarcinoma

mutation of adenocarcinoma

EGFR exon 18 and 20 mutation
EGFR 21 exon mutation
EGFR exon 20 insertion

EGFR exon 19 deletion mutation
EGFR exon 18 mutation

disconcordance rate concordance rate

P=0.973

P=0.407

P=0.600

P=0.133

P=0.197

P=0.054

P=0.017

P=0.596

P=0.768

P=0.451

Percentage %

Figure 3 Concordance for metastatic non-small-cell lung cancer patients in Watson for Oncology regimens and medical-team recommendations.

Abbreviations: EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group.

You et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2020:121952

http://www.dovepress.com
http://www.dovepress.com


The consensus rate was lower for patients with gene

mutations than for those without gene mutations (80.52%

vs 85.71%). The inconsistency rate was 18.75% for

patients with mutations (Figure 2), which might be related

to different EGFR inhibitor (icotinib) in Chinese patients12

and clinical and social factors, including medical insurance

coverage.21 The prevalence of lung cancer patients with

the EGFR gene mutation phenotype is higher in China

(50%) than in European and American countries (approxi-

mately 15%).22,23 However, the genetic detection rate of

Table 2 Logistic Regression of First-Line Treatment of “Recommended” versus “for Consideration” and “Not Recommended”

Variables Univariate Regression Analysis Multivariate Regression Analysis

OR (95% CIs) P value OR (95% CIs) P value

Age (Years)

≤45 (reference) 1.000

46–54 0.547(0.192–1.554) 0.257

55–64 0.875(0.339–2.258) 0.782

≥65 1.262(0.488–3.268) 0.631

Gender

Female 1.000

Male 1.726(1.013–2.942) 0.045 1.781(0.788–3.745) 0.174

EOCG Scores

0 1.000

1 1.667(1.018–2.730) 0.042 1.749(0.914–3.348) 0.092

2 1.047(0.345–3.180) 0.935 1.664(0.398–6.958) 0.485

Stage of T

T1 1.000 1.000

T2 0.514(0.250–1.060) 0.072 0.244 (0.091–0.658) 0.005

T3 0.791(0.352–1.775) 0.569 0.233 (0.075–0.722) 0.012

T4 0.532(0.255–1.110) 0.093 0.174 (0.062–0.486) 0.001

TX ND ND

Stage of N

N0 1.000 1.000

N1 2.474(0.971–6.303) 0.058 4.999(1.457–17.151) 0.011

N2 2.016(0.939–4.328) 0.072 2.853(1.096–7.428) 0.032

N3 2.489(1.201–5.161) 0.014 5.520(2.149–14.180) <0.001

NX 1.506(0.577–3.934) 0.403 3.258(0.946–11.213) 0.061

Stage of M

M1a 1.000

M1b 0.731(0.400–1.335) 0.308

M1c 0.873(0.506–1.505) 0.625

Pathological Type

Adenocarcinoma 1.000 1.000

Squamous cell carcinoma and large cell carcinoma 8.930(5.146–15.489) <0.001 42.200(16.934–105.16) <0.001

Site of metastasis

Single metastasis 1.000

Multiple metastasis 1.270(0.752–2.143) 0.372

Gene Mutation

Mutation 1.000 1.000

No mutation 0.221(0.070–0.696) 0.010 0.051 (0.012–0.222) <0.001

Unknown 0.682(0.400–1.160) 0.158 0.069 (0.026–0.179) <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; ND, no data.
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35% in our study is far lower than those of Tier-1 city in

China, similar to Tier-2 city and grade-1 level a general

hospital in real-world practice.21 Real-world EGFR testing

rates for NSCLC in North China ranged from 13.95% to

69.04% (patients treated in a Tier-1 city).21 The EGFR test

rate is just 34%, ALK rearrangement positivity less than

1%, PD-L1 expression almost undetected due to nonavail-

ability of drugs during the study period. When the oncol-

ogist informed of patients about the treatment regimes,

patients who could not pay for the treatment of tyrosine

Table 3 Logistic Regression of First-Line Treatment of “Recommended” and “for Consideration” versus “Not Recommended”

Variables Univariate Regression Analysis Multivariate Regression Analysis

OR (95% CIs) P value OR (95% CIs) P value

Age (Years)

≤45 (reference) 1.000

46–54 1.160 (0.208–6.457) 0.865

55–64 2.300 (0.417–12.681) 0.339

≥65 1.400 (0.271–7.242) 0.688

Gender

Female 1.000 1.000

Male 2.693(1.057–6.861) 0.038 1.081(0.364–3.209) 0.888

EOCG Scores

0 1.000

1 1.273(0.490–3.304) 0.620

2 1.190(0.141–10.022) 0.873

Stage of T

T1 1.000

T2 0.622(0.127–3.054) 0.559

T3 1.268(0.171–9.393) 0.816

T4 0.748(0.145–3.864) 0.729

TX 0.195(0.014–2.656) 0.220

Stage of N

N0 1.000 1.000

N1 1.667(0.316–8.778) 0.547 1.093(0.180–5.5476.624) 0.923

N2 1.389(0.425–4.540) 0.587 0.871(0.235–3.234) 0.837

N3 3.704(0.891–15.398) 0.072 4.421(0.997–19.607) 0.050

NX 1.778(0.338–9.340) 0.477 1.079(0.177–6.576) 0.934

Stage of M

M1a 1.000

M1b 2.165(0.557–8.423) 0.265

M1c 1.069(0.387–2.956) 0.897

Pathological Type

Adenocarcinoma 1.000 1.000

Squamous cell carcinoma and large cell carcinoma 3.867(0.875–17.092) 0.074 0.555(0.067–4.583) 0.585

Site of Metastasis

Single metastasis 1.000

Multiple metastasis 1.437(0.547–3.777) 0.462

Gene Mutation

Mutation 1.000 1.000

No mutation 6.328(0.796–50.331) 0.081 7.861(0.872–70.884) 0.066

Unknown 15.625(4.383–55.702) <0.001 25.979(4.135–163.218) 0.001

Abbreviations: WFO, Watson for Oncology; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.
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kinase inhibitors would abandon the genetic test.

Important reasons for the EGFR lower test rate could be

a lack of health insurance coverage and drugs not being

available in China.21 The Chinese National Essential

Drugs List (2018 edition) had incorporated some oral

targeted drugs including gefitinib and icotinib, which

may increase the rate of gene detection and the treatment

rate of patients with EGFR mutations, thereby improving

the consensus rate of WFO recommendations.

Logistic regression analysis further showed that the

pathological type significantly affected the agreement

rate between the WFO and medical-team regimens. Gene

mutations also influenced the agreement rate.

Adenocarcinoma patients with a high rate of genetic muta-

tions might lead to differences in treatment. The adeno-

carcinoma patients with no EGFR mutation had a lower

rate of “recommended” regimens (P<0.001, Figure 2 and

Table 2) with 14.28% (4/28) and a higher rate of “recom-

mended” and “for consideration” regimens (P=0.066,

Figure 3 and Table 3) with 85.71% (24/28). Compared to

those with EGFR mutations, no-EGFR-mutation (71.42%)

and unknown-gene-mutation (52.97%) patients mainly

adopted “for consideration” recommendations rather than

“recommended” regime because of the high expense of

bevacizumab (Table 4). Table 3 shows gene mutation

status influencing of the recommendation concordance.

Osimertinib was preferred for EGFR mutation first-line

medication in WFO, while the medical team chose other

tyrosine kinase inhibitors due to high prices (Table 4).

Therefore, the above factors were attributed to the inability

to pay for expensive drugs, which had affected the

patients’ choice of optimal treatment.

The medical regimen recommended for 203 included

patients was not the preferred option indicated by the

WFO system. There were 50.64% of medical-team recom-

mendations “for consideration” in the WFO system, and

14.84% “not recommended” regimens (Figure 2). Figure 4

shows that 64.53% of the patients did not choose the

targeted therapy for first-line treatment due to high drug

prices; for example, osimertinib and bevacizumab are very

expensive (Tables 4 and 5), and health insurance does not

cover them. With more targeted drugs entered the Chinese

Table 4 The Medical-Team Regimens Present “for Consideration” in Watson for Oncology System (n=157)

Pathological Type Mutation Site(n) Medical-Team Regimens(n) “Recommended” Regimens in

WFO (n)

Adenocarcinoma

EGFR exon 18 mutation (G719X) (1) Erlotinib(1) Osimertinib (1)

EGFR exon 19 deletions mutation(15) Erlotinib (2); gefitinib (13) Osimertinib (15)

EGFR exon 20 insertion(1) Gefitinib (1) Osimertinib (1)

EGFR 21 exon mutation (L858R) (10) Gefitinib (8); erlotinib (2) Osimertinib (10)

ALK rearrangement positivity(3) Crizotinib (3) Alectinib(3)

No Mutation(20) Gemcitabine+cisplatin(3); pemetrexed+ cisplatin (8);

pemetrexed+carboplatin (2); pemetrexed+carboplatin

+bevacizumab (1); paclitaxel+ carboplatin(1); docetaxel

+cisplatin (5)

pemetrexed+ cisplatin+bevacizumab or

docetaxel+cisplatin + bevacizumab (20)

Unknown of gene mutation(97) Gemcitabine+cisplatin(2); pemetrexed+ cisplatin (24);

pemetrexed+carboplatin (3); pemetrexed+carboplatin

+bevacizumab (1); paclitaxel+cisplatin (13); paclitaxel+

carboplatin(3);docetaxel+cisplatin (46); docetaxel+

carboplatin(4); pemetrexed+ cisplatin + bevacizumab (1)

Pemetrexed+ cisplatin+bevacizumab or

docetaxel+cisplatin + bevacizumab (97)

Squamous Cell Carcinoma

Unknown of gene mutation(7) Gemcitabine+ carboplatin (3); docetaxel+carboplatin(2);

paclitaxel+ carboplatin (2)

Paclitaxel+cisplatin; paclitaxel protein-

bound+cisplatin; docetaxel+cisplatin; or

gemcitabine+cisplatin(7)

Large Cell Carcinoma

Unknown of gene mutation(1) Docetaxel+cisplatin (1) Pemetrexed+ cisplatin + bevacizumab;

or docetaxel+cisplatin + bevacizumab

(1)

Abbreviations: WFO, Watson for Oncology; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.
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National Essential Drugs List in 2019, more patients may

select first-line treatment “recommended” regime of the

WFO system. Meanwhile, 16.75% of the patients’

medication regimens were determined by the preferences

and experience of the medical team. They selected similar

drugs produced in China such as paclitaxel liposomes

instead of paclitaxel, lobaplatin and nedaplatin instead of

cisplatin, and endostatin instead of bevacizumab (Table 4);

while 15.27% of the patients in China were unable to

obtain the drugs recommended by the NCCN guideline;

for example, osimertinib and alectinib recommended by

WFO were not available in China, immunotherapy drugs

targeting PD-1 or PD-L1 such as nivolumab, pembrolizu-

mab, and atezolizumab recommended by WFO were not

available in China12,15 during the study period, and 3.5%

of the patients’ medication regimens complied with the

Chinese guideline but did not conform to the NCCN

guideline. For example, icotinib has been demonstrated

to be noninferior to gefitinib (Table 4), leading to its

approval in 2014 in China as a first-line treatment for

patients with mEGFR-mutant NSCLC, but not approved

by NCCN.24 Another example is nedaplatin (Table 4),

which was a first-line treatment for lung squamous cell

carcinoma in the CSCO guidelines, but was not recom-

mended by the WFO system.

WFO needs to be tested the application value in

practice. The most Chinese patients used the “for con-

sideration” regimens in Watson for Oncology system,

Table 5 The Medical-Team Regimens Present “Not Recommended” in Watson for Oncology System (n=46)

Pathological Type Mutation Site(n) Medical Team Regimens(n) “Recommended” Regimens in

WFO (n)

Adenocarcinoma

EGFR exon 19 deletions mutation(4) Icotinib(2); cisplatin+docetaxel(1); trimetinib(1) Osimertinib(4)

EGFR exon 20 insertion(5) Crizotinib(4); icotinib(1) Osimertinib(5)

EGFR 21 exon mutation (L858R) (6) Icotinib(5); cisplatin+docetaxel(1) Osimertinib(6)

No mutation(1) Paclitaxel liposomes+carboplatin(1) Cisplatin+pemetrexed+bevacizumab or

cisplatin+docetaxel+bevacizumab(1)

Unknown of gene mutation(11) Gefitinib(1); cisplatin(1); pemetrexed+nedaplatin(2);

paclitaxel liposomes+cisplatin(2); docetaxel+ lobaplatin

(2); paclitaxel liposomes+ lobaplatin(1); paclitaxel+

lobaplatin(1); paclitaxel liposomes + carboplatin(1)

Cisplatin+pemetrexed+bevacizumab or

cisplatin+docetaxel+bevacizumab(11)

Squamous Cell Carcinoma

No Mutation(3) Gemcitabine + nedaplatin(1); docetaxel + nedaplatin(1);

gemcitabine+endostatin(1)

Gemcitabine+cisplatin; paclitaxel(albumin

bound)+cisplatin; cisplatin+paclitaxel; or

cisplatin+docetaxel(3)

Unknown of gene mutation(16) Paclitaxel+cisplatin+endostatin(1); docetaxel + nedaplatin

(3); paclitaxel liposomes + nedaplatin(7); docetaxel

+losplatin(1); paclitaxel liposomes + lobaplatin (1);

gemcitabine + nedaplatin(1); paclitaxel + lobaplatin (1);

paclitaxel + nedaplatin(1)

Gemcitabine+cisplatin; paclitaxel(albumin

bound)+cisplatin; cisplatin+paclitaxel; or

cisplatin+docetaxel(16)

Abbreviations: WFO, Watson for Oncology; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

Figure 4 The reasons for “for consideration” and “not recommended” regimens in

the medical-team (n=203, %).

Notes: Guidelines recommendations inconsistency indicates that medication regi-

mens complied with the Chinese guideline but did not conform to the NCCN

guideline.
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which are also alternative treatment regimens in NCCN

guidelines rather than the preferred regimes. Although

some patients are unable to use WFO’s first-line regi-

men due to payment, the “for consideration” regimens

were very meaningful for the treatment of the Chinese

patients. The results of this study are also an advantage

of further improving the medical behavior of clinicians

in China. If some drugs with lower cost produced by

Chinese pharmaceutical factory or recommended by the

CSCO guidelines were incorporated WFO system in the

Chinese medical setting, which will also significantly

improve the consistency of treatment, such as paclitaxel

liposomes, icotinib, endostatin, nedaplatin, etc.

Therefore, further researches of the WFO system should

be improved with including Chinese guideline recom-

mendations, and it will promote the WFO system wide-

spread clinical use in China.

The Limitations in the Study
There are several limitations in the present study.

Firstly, this study is a single-center retrospective obser-

vational study without controls. Then, we will further

conduct prospective studies to test the application

value of WFO in practice. Secondly, our research

time is later than clinical practice and guidelines

updates, which also reduces the rate of agreement.

Thirdly, the molecular detection rate of the study is

far lower than those of Tier-1 city in China, which

may reduce the consistency of the treatment regimens.

Although the present study existed above limitations,

our center is the highest level of tertiary hospital in the

northwest of China, and this research has a certain

representativeness in real practice.

Conclusion
The treatment regimens of a medical team for mNSCLC

exhibited an agreement rate of 85.16% with the WFO

regimens in our treatment center, which shown that WFO

has high suitability to mNSCLC patients in our hospital.

WFO system may assist doctors better to determine the

accurate and effective treatment regimens for mNSCLC

patients in the Chinese medical setting. The pathological

type and gene mutations markedly influence the agreement

rate of the two treatment regimens. The presence or

absence of consistency between the two regimens was

affected by drug price, drug availability, the ability of

patients to pay, physician preferences, and various guide-

lines for mNSCLC patients in our hospital. If the WFO

system is improved in the Chinese medical setting, which

would better support physicians’ decisions accurately and

efficiently.
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