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Machine learning based
prognostic model of Chinese
medicine affecting the
recurrence and metastasis

of I-1ll stage colorectal cancer:
A retrospective study in China

Mo Tang*", Lihao Gao?, Bin He' and Yufei Yang™

tOncology Department, Xiyuan Hospital of China Academy of Chinese Medical Sciences,
Beijing, China, ?Smart City Business Unit, Baidu Inc., Beijing, China

Background: To construct prognostic model of colorectal cancer (CRC)
recurrence and metastasis (R&M) with traditional Chinese medicine (TCM)
factors based on different machine learning (ML) methods. Aiming to offset
the defects in the existing model lacking TCM factors.

Methods: Patients with stage I-1ll CRC after radical resection were included as
the model data set. The training set and the internal verification set were
randomly divided at a ratio of 7: 3 by the “set aside method". The average
performance index and 95% confidence interval of the model were calculated
by repeating 100 tests. Eight factors were used as predictors of Western
medicine. Two types of models were constructed by taking “whether to
accept TCM intervention” and “different TCM syndrome types” as TCM
predictors. The model was constructed by four ML methods: logistic
regression, random forest, Extreme Gradient Boosting (XGBoost) and support
vector machine (SVM). The predicted target was whether R&M would occur
within 3 years and 5 years after radical surgery. The area under curve (AUC)
value and decision curve analysis (DCA) curve were used to evaluate accuracy
and utility of the model.

Results: The model data set consisted of 558 patients, of which 317 received
TCM intervention after radical resection. The model based on the four ML
methods with the TCM factor of “whether to accept TCM intervention” showed
good ability in predicting R&M within 3 years and 5 years (AUC value > 0.75), and
XGBoost was the best method. The DCA indicated that when the R&M
probability in patients was at a certain threshold, the models provided
additional clinical benefits. When predicting the R&M probability within 3
years and 5 years in the model with TCM factors of “different TCM syndrome
types”, the four methods all showed certain predictive ability (AUC value >
0.70). With the exception of the model constructed by SVM, the other methods
provided additional clinical benefits within a certain probability threshold.
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Conclusion: The prognostic model based on ML methods shows good
accuracy and clinical utility. It can quantify the influence degree of TCM
factors on R&M, and provide certain values for clinical decision-making.
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machine learning, traditional Chinese medicine, I-lll stage colorectal cancer,
recurrence and metastasis, prognostic model

Introduction

With the development of personalized medicine, the
prognostic model has received more and more attention in
clinical diagnosis and treatment decision-making, disease
prognosis management and public resource allocation, and its
value is becoming more and more important (1).In clinical
practice, Tumor-Node-Metastasis (TNM) staging, which
includes three predictors: primary tumor status, regional lymph
node involvement, and distant metastasis, is the most widely used
prognostic system for colorectal cancer (CRC). However, it
ignores some factors that have been proved to be of prognostic
value, which results in the prediction system having certain
limitations. Therefore, some studies based on Cox proportional
hazards regression have improved the accuracy of the clinical
prognostic model by including more predictors (2) or adjusting
the weight (3) of predictors in TNM stage. However, some studies
have found that the models built using these linear methods
ignore the time-dependent and nonlinear effects between CRC
predictors and prognosis (4), which may cause the phenomenon
of “survival paradox”, and result in clinicians being unable to
accurately evaluate the prognosis of CRC patients (5, 6).

As a technical branch of computer science, artificial intelligence is
good at integrating big data and researchers find it difficult to capture
potential patterns and correlations (7). Machine learning (ML) is the
main method of realizing artificial intelligence, and aims to develop
algorithms that can automatically learn from data (8). It can use
complex algorithms to capture large data sets with multi-dimensional
variables to obtain high-dimensional and non-linear relationships
between clinical features, in order to predict data-driven results (9).
The application of data-driven ML methods in prognostic models has
broad prospects, and has affected the recognition of the value of
medical big data in the field of clinical research (10, 11). At present,
the clinical prognostic model based on ML methods has shown high
accuracy in many diseases such as lung cancer (12), breast cancer (13)
and acute coronary syndrome (14).

Patients with stage I-III CRC are encouraged to follow the
guidelines for regular follow-up after routine treatment in
Western medicine to monitor tumor R&M status (15).
However, some studies have shown that the follow-up strategy
under the unified standard is not suitable for all patients, and the
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survival benefits of individuals are different (16, 17). Therefore,
formulating individualized adjuvant treatment and follow-up
strategies for patients is an urgent problem which needs to be
solved (18). At present, many studies have constructed and
developed prognostic models for stage I-III CRC (19, 20). Our
research team also used the ML method to construct a prognostic
model based on patients with stage I-IIT colon cancer, and the
model showed good predictive ability (21). However, there are no
reports on the development of a CRC prognostic model
containing traditional Chinese medicine (TCM) factors (such as
syndrome type and duration of taking TCM). Promoting the
complementary advantages of TCM and Western medicine is a
health care model with Chinese characteristics (22). Even though
there is a large amount of evidence that TCM intervention is
associated with a lower recurrence and metastasis (R&M) rate of
CRC, evidence based on population samples is difficult to
effectively apply to individualized medical care.

Therefore, based on four different ML methods and
integrating Western medicine predictors, this study has built a
CRC prognostic model with TCM factors for the first time, with
a view to quantifying the benefit of patients receiving TCM
intervention and the impact of different Chinese medicine
syndromes on the R&M of patients, and assisting clinical
decision-making. More specifically, based on different ML
methods, the patients after radical resection of stage I-III CRC
were included as model data sets, and the “prognostic model of
CRC R&M whether to take oral Chinese medicine” (hereafter
referred to as the “Chinese medicine intervention prognostic
model”) and the “prognostic model of CRC R&M with different
TCM syndromes” (hereafter referred to as the “TCM syndrome
prognostic model”) were constructed, and the model
performance under different ML methods was compared and
analyzed. The flow diagram of study was shown in Figure 1.

Methods
Study data

Patients with stage I-IIT CRC treated in Xiyuan Hospital of
Chinese Academy of Chinese Medical Sciences and Beijing
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Flowchart of study profile

Cancer Hospital were included as model data sets, and screening
and data collection were conducted according to the following
inclusion and exclusion criteria. Inclusion criteria: (1) Gender
was not limited, and patient age was 18 years or older; (2)
Patients with stage I-III colorectal adenocarcinoma with a
definite pathological diagnosis; (3) 3 years or more after
radical surgery. Exclusion criteria: (1) Previous or combined
history of other incurable malignancies; (2) Patients with R&M
within 6 months after radical surgery were considered to have
concurrent metastasis (23, 24), and were excluded. The patient’s
outpatient medical record (paper version or electronic file) was
retained complete and traceable. Through retrospective case
observation, the relevant information on patients was
collected. The model data set was randomly divided into the
training set and the internal verification set according to a 7:3
ratio by the “set aside method”, and the average performance
index and 95% confidence interval of the model were further
calculated by repeating 100 tests.

Model predictors

The Western medicine predictors were determined
according to the predictor in the reported prognostic model
(25) and the actual record of the case data in this study. The
details are as follows: (1) Age at diagnosis; (2) primary tumor (T
stage); (3) number of positive lymph nodes; (4) whether the
number of detected lymph nodes was less than 12; (5) whether
there was lymphatic, vascular and nerve invasion; (6) tumor site;
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(7) microsatellite status; and (8) whether adjuvant chemotherapy
was administered. Among them, “age at diagnosis” was used to
find the best cutoff value with X-tile software (version 3.6.1) (26),
and convert the continuous variable into a dichotomous
variable. The TCM predictors in the “Chinese medicine
intervention prognostic model” were “whether or not to take
Chinese medicine”, and the continuous variables were
discretized according to whether or not to take oral Chinese
medicine for more than 6 months. The TCM predictor in the
“TCM syndrome prognostic model” was “TCM syndrome type”,
which was divided into spleen qi deficiency, kidney yin
deficiency, spleen and kidney deficiency and non-spleen
deficiency and kidney deficiency according to the guiding
principles for clinical research of new Chinese materials (27)
and the national standard of the people’s Republic of China
“TCM clinical diagnosis and treatment terminology syndrome
part” (GB/T 16751.2-1997) (28). Details were described
in Table 1.

Model prediction target

The prognostic outcome was coded as 0 or 1, respectively,
indicating that the patient had no R&M (0) or had R&M (1) ata
certain time point. The results of a meta-analysis showed that
80% of patients had early and mid-stage CRC R&M in the first
three years after radical surgery (29), and 95% had R&M within
five years after radical surgery (30). If the patient had no tumor
progression after the 5-year follow-up following radical surgery,
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TABLE 1 Description of model predictors.
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Predictors Description and assignment type
Western Age at diagnosis According to the best cut-off value, the variables were divided into two categories dispersed
medicine T stage T1=1; T2=2; T3=3; T4a=4; T4b=5 dispersed
Number of positive lymph nodes quantity continuity
Whether the number of detected lymph nodes is less ~ Yes = 1; No = 0 dispersed
than 12
Whether there is lymphatic, vascular and nerve Yes = 1; None = 0 dispersed
invasion
Tumor site Colon = 1; Rectum = 2 dispersed
Whether the microsatellite status is stable Yes = 0; No = 1; Not checked = 2 dispersed
Whether adjuvant chemotherapy Yes =1;No =0 dispersed
Chinese “Chinese medicine intervention prognosis model”: TCM< 6 months = 0; Chinese medicine > 6 months = 1 dispersed
medicine whether to take Chinese Medicine
“TCM syndrome prognostic model”: TCM syndrome  Spleen qi deficiency = 1; Kidney yin deficiency = 2; Spleen and kidney deficiency = 3;  dispersed

type

CRC was clinically cured (31). Therefore, in this study, the
probability of R&M within 3 years and 5 years after radical
surgery were respectively used as prediction targets to construct
prognostic models.

Model methods

The prognostic model constructed in this study belongs to a
dichotomous problem. Considering the possible nonlinear
relationship between the predictors and the prediction target,
4 linear and nonlinear methods were selected for a comparative
study. They were logistic regression (LR) (32), random forest
(RF) (33), extreme gradient boosting (XGBoost) (34) and
support vector machines (SVM) (35). All ML methods were
implemented through the Python open source code library (36)
“Scikit-learn” (37) and “XGBoost” (34).

Model evaluation indicators

In this study, the area under curve (AUC) value was selected
to evaluate the accuracy of the model. AUC value is the area
under the receiver operating characteristic (ROC) curve. The
abscissa of the ROC curve is the false positive rate, representing
the specificity of the model. The ordinate represents the true
positive rate and the sensitivity of the model (38). If the data set
used to build the model was limited, the ROC curve will be
stepped. The value range of AUC was [0, 1]. The larger the AUC
value, the stronger the classification ability. It is generally
believed that when the AUC value is > 0.7, the model has
good discrimination capacity (39). Decision curve analysis
(DCA) can consider the clinical utility of the model, and then
integrate the preferences of patients or decision makers into the
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Non spleen deficiency and kidney deficiency = 4

analysis, which can meet the actual needs of clinical decision-
making (40). The abscissa is the threshold probability and the
ordinate is the net benefit rat (41). It has two baselines (reference
lines), representing the two extreme cases where all samples are
predicted to be negative or positive. A model with clinical utility
should ensure that its DCA curve is located outside the two
reference lines to ensure that it is within the probability range of
a certain threshold, and the net income predicted by the model is
higher than the two extreme cases. For the DCA curve
constructed by various methods, the farther it is from the two
reference lines, the higher its application value (42). We also
reported precision, recall, accuracy and F1 score to evaluate
models performance.

Results
Baseline characteristics

A total of 558 outpatients met the inclusion criteria, and of
these, 317 patients received Chinese medicine intervention after
radical resection of CRC as a sample set of the “TCM syndrome
prognostic model”. Of the 558 patients, 181 had R&M within 5
years after radical surgery, accounting for 32.4%, and 377 had no
R&M, accounting for 67.6%. Table 2 shows the basic
characteristics of the patients in the model data set. The median
age at diagnosis was 58 years, and the optimal cutoff value
calculated according to X-tile was 49 years. In terms of T stage,
T3 accounted for the largest proportion (59.9%). The median
number of positive lymph nodes was 1, ranging from 0 to 24.
Overall, 31.2% of the patients had less than 12 positive lymph
nodes, 28.7% had vascular, lymphatic or nerve invasion; and
52.5% had stable microsatellite status. The number of patients
with a tumor in the colon or rectum was not significantly different,
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TABLE 2 characteristics of basic data of patients in model data set.

Predictors Number of cases Proportion
(n = 558)
Age at diagnosis,years
18-49 120 21.5%
> 49 438 78.5%
T stage
T1 15 2.7%
T2 79 14.2%
T3 334 59.9%
T4a 103 18.5%
T4b 27 4.8%
Number of positive lymph nodes
Median (min, max) 1(0, 24)
Lymph nodes is less than 12
yes 174 31.2%
no 384 68.8%
lymphatic, vascular and nerve invasion
yes 160 28.7%
no 398 71.3%
Tumor site
colon 292 52.3%
rectum 266 47.7%
Whether the microsatellite status is stable
yes 293 52.5%
no 26 4.7%
Unknown 239 42.8%
Adjuvant chemotherapy
yes 427 76.5%
no 131 23.5%
Chines medicine intervention
yes 317 56.8%
no 241 43.2%
R&M within 5 years
yes 181 32.4%
no 377 67.6%

accounting for 52.6% and 47.4% respectively. Overall, 76.5% of the
patients received postoperative adjuvant chemotherapy.

Model parameter

The four selected ML models were trained with weighted
category weights, which were the reciprocal of the number of
positive and negative samples. Two R&M scenarios were used,
namely, within 3 years and within 5 years. Each specific model
used the same parameter configuration. The main parameters of
the model were configured as follows: LR used the L2
regularization method, and the penalty coefficient was 20. The
number of trees in the RF was 500, the maximum depth of the
tree 3, the maximum number of features 3 and the minimum
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number of leaf nodes 3. The number of base learners of XGBoost
was 10000, the maximum depth of the tree 4, the maximum
number of features 3 and the learning rate 0.0001. Finally, the
kernel function of SVM was radial basis function.

Chinese medicine intervention
prognostic model

Based on LR, RF, XGBoost and SVM, respectively, the “Chinese
medicine intervention prognostic model” was constructed. The
training set and validation set were randomly split and the model
performance was calculated. A total of 100 trials were conducted.
The values in brackets are AUC values of 95% and 5% percentiles as
95% CI. The results showed that the AUC indices of the four
models were 0.83 (0.77, 0.89), 0.86 (0.82, 0.91), 0.86 (0.82, 0.91) and
0.85 (0.79, 0.90), respectively. For the R&M probability model
within 5 years, the AUC indices of the four models were 0.79
(0.72, 0.86), 0.83 (0.76, 0.90), 0.85 (0.78, 0.91) and 0.85 (0.78, 0.92),
respectively. The model showed good prediction accuracy within 3
years and within 5 years, while the model based on RF and XGBoost
methods performed better (see Table 3 and Figure 2 for visual
comparison). Specifific metrics of precision, accuracy, recall and F1-
score were reported in Supplementary material 1.

When constructing the DCA curve, the proportion of positive
and negative samples in the validation set was selected as 1:1 in
this study to facilitate a comparative analysis. The DCA curve of
the “Chinese medicine intervention prognostic model” is shown
in Figure 3, in which the black dotted line parallel to the X axis and
the black smooth curve with a starting value of 0.5 are two
reference lines. It can be seen from the figure that when the
R&M probability within 3 years and 5 years was taken as the
prediction target, the four models were all outside the two
reference lines, which indicated that the models constructed by
the four methods corresponded to the positive net income within
a certain probability threshold range and provided additional
clinical benefits. In contrast, the threshold range of the RF and
SVM models was larger. In the case of R&M within 3 years and 5
years, they reached approximately 0.2-0.9, respectively, and the
XGBoost model was stable at approximately 0.3-0.7.

TCM syndrome prognostic model

Similar to the construction method of the “Chinese medicine
prognostic model”, the “TCM syndrome prognostic model” was
created. The results in Figure 4 and Table 4, show that the AUC
values of LR, RF, XGBoost and SVM were 0.72 (0.59, 0.84), 0.74
(0.63, 0.85), 0.75 (0.64, 0.87) and 0.71 (0.59, 0.81), respectively,
for the prognostic model within 3 years. XGBoost and RF were
relatively better. For the prognostic model within 5 years, the
model constructed by XGBoost showed the best performance,
with an AUC value of 0.79 (0.65, 0.92), followed by RF, LR and
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TABLE 3 AUC value comparison of Chinese medicine intervention
prognostic model.

Method AUC value (95%CI)

Within 3 years Within 5 years
LR 0.83 (0.77, 0.89) 0.79 (0.72, 0.86)
RF 0.86 (0.82, 0.91) 0.85 (0.78, 0.91)
XGBoost 0.86 (0.82, 0.91) 0.85 (0.78, 0.92)
SVM 0.85 (0.79, 0.90) 0.83 (0.76, 0.90)

SVM, with AUC values of 0.74 (0.59, 0.88), 0.73 (0.59, 0.86) and
0.71 (0.58, 0.83), respectively (see Table 4 and Figure 4 for
details). Specifific metrics of precision, accuracy, recall and F1-
score were reported in Supplementary material 1.

The DCA curve of the “TCM syndrome prognostic model” is
shown in Figure 5, in which the black dotted line parallel to the X
axis and the black smooth curve with a starting value of 0.5 are
two reference lines. It can be seen from the figure that LR, RF and
XGBoost all corresponded to positive net income under a certain
range of thresholds. The threshold range of net income of RF was
the largest, at approximately 0.2-0.7. For the R&M prognostic
models within 3 years and 5 years, SVM had no positive net
income, and the other three methods had net positive income
within a certain probability threshold range. Although the specific
range was different, in general, the probability threshold range of
RF and LR was larger, and the difference between the upper and
lower limits of the threshold was more than 0.4.

Application of the model

The model constructed in this study can predict the
probability of R&M in new patients within 3 years and 5

Within 3 years
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o
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FIGURE 2
ROC curve of "Chinese medicine intervention prognostic model”.
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years. Taking the “Chinese intervention prognostic model” for
predicting R&M within 5 years constructed by XGBoost as an
example, the model was introduced. The trained model was f,g,
and the characteristic (predictor) of a patient was X, and the
corresponding values were: {age at diagnosis = 1, T stage = 2,
number of positive lymph nodes = 6, number of detected lymph
nodes< 12 = 0, presence of lymphatic vessels, blood vessels and
nerve invasion = 1, tumor site = 1, microsatellite status = 0,
whether adjuvant chemotherapy was administered = 0, and
whether taking Chinese medicine = 0}; then the probability of
R&M of the patient within 5 years was as follows:

Pi :fxgb(X)

The actual calculation result was 0.49. Similarly, the
probability of R&M in patients within 3 years and 5 years can
be obtained by the “TCM syndrome prognostic model” and
different ML models.

Furthermore, assuming that the patient takes Chinese
medicine, that is, the characteristic value of “whether or not to
take Chinese medicine” in X was changed to 1, and the new
characteristic was marked as X, the probability of R&M in the
patient within 5 years when taking Chinese medicine can be
estimated as follows:

P; = fe (X)
The actual calculation result was 0.34, so the effect of the
patient taking Chinese medicine on R&M was:
AP, = P, - P,

The actual calculation result was -0.15, that is, the R&M rate
of the patient within 5 years was reduced by 15 percentage points.
Similarly, if the patients do not take Chinese medicine, the
R&M rate will change. According to the prognosis of all patients
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in the statistical validation set, the prognostic model within 5
years constructed by the above XGBoost method can be
obtained. If the patients who did not take Chinese medicine (a
total of 61 patients), taking Chinese medicine reduced the R&M
probability within 5 years by an average of 18 percentage points.
Among the 34 patients taking Chinese medicine, there was an
average increase of 18 percentage points in the R&M rate within
5 years if they did not take Chinese medicine. The degree of
increase or decrease varied with individuals. In order to make
the above results more statistically significant, that is, to reduce
the accidental impact of the model or data set division on the
research results, the data set was further randomly divided for
100 times to obtain the training set and validation set, and the
model was trained and validated. Therefore, the change in R&M
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ROC curve of “TCM syndrome prognostic model”.
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rate within 3 and 5 years of approximately several thousand
person times can be obtained, including the change from taking
Chinese medicine to not taking and vice versa. The number of
patients with a change in R&M rate in different numerical ranges
can be counted, and the histogram is shown in Figure 6. It can be
seen from the figure that when all patients change from not
taking Chinese medicine to taking Chinese medicine, the R&M
rate decreased within 3 years or 5 years, with an average decrease
of about 0.2. When changing from taking Chinese medicine to
not taking Chinese medicine, the R&M rate in almost all patients
increased within 3 years or 5 years, with an average increase of
about 0.2.

1: Taking Chinese medicine; 0: Without Chinese
medicine intervention
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TABLE 4 AUC value comparison of “TCM syndrome prognostic
model”.

Method AUC value (95%CI)

Within 3 years Within 5 years
LR 0.72 (0.59, 0.84) 0.73 (0.59, 0.86)
RF 0.74 (0.63, 0.85) 0.74 (0.59, 0.88)
XGBoost 0.75 (0.64, 0.87) 0.79 (0.65, 0.92)
SVM 0.71 (0.59, 0.81) 0.71 (0.58, 0.83)

Webpage deployment tool

We implemented our models into a website (http://www.xy.
com) that provides risk probabilities for I-III stage CRC patients
that can be used in the network within our two hospitals. As
shown in Figure 7, baseline characteristics and disease
information can be inputted on the left panel and estimated
risks of R&M within 3 or 5 years are shown on the right panel.
The source codes of our models are publicly available at https://
gitee.com/doctortangmo/TCM-CRC-prognostic-model.

Using TCM syndrome prognostic model, an example of a
53-year-old female CRC patient is demonstrated on the
webpage. The baseline characteristics and disease information
are shown on the left panel, and the risks probability of R&M
within 3 years is 12.07% that presented on the right panel.

Discussion

CRC is a common malignant cancer, and its morbidity and
mortality have increased significantly in recent years in China
(43). Although the five-year survival rate of patients with early
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and middle stage CRC is more than 70% (44), R&M are the main
reasons that threaten the long-term survival of patients.
Approximately 30% to 50% of patients will have R&M (45, 46)
and the five-year survival rate is less than 20% once they progress
to an advanced stage (47). After receiving conventional
treatment with Western medicine, patients with early and
middle stage CRC entered the follow-up period. In China,
about 80% of cancer patients will seek TCM treatment (48).
Patients in the non-R&M stage of CRC choose TCM
intervention as a complementary therapy, mainly to reduce
clinical symptoms and reduce the probability of R&M (49).

In this study, we developed prognostic models with different
TCM factors based on four different ML methods, LR, RF,
XGBoost and SVM, which provided an objective estimate of
the probability of R&M (0-100%) in patients in clinical practice.
The basic theories of TCM hold that Shen (kidney) and Pi
(spleen) are the origin of congenital constitution and acquired
constitution, respectively. Cancer patients often have a declined
autoimmune function caused by Shen (kidney) deficiency, and I-
III stage CRC patients may have Pi (spleen) deficiency and
residual disease after radical operation. Besides, several previous
studies have pointed that I-III stage CRC patients can be treated
with the “Jianpi-Bushen” rule (50, 51) during anti-R&M phase.
In our study TCM syndrome types were included as predictors
in constructing “TCM syndrome prognostic model”. This model
can be used as an auxiliary tool to preliminarily explore the
characteristics of the “beneficiary population” under integrated
Chinese and Western medicine treatment.

Based on the RF and XGBoost methods, the “Chinese
medicine intervention prognostic model” was constructed.
Under the two prognostic scenarios of whether R&M occurred
within 3 years and 5 years, the predictive ability of these models
was equivalent, followed by SVM and LR. The AUC values of all
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Effect of Chinese medicine on probability of R&M in XGBoost model

models were above 0.75, showing good model discrimination.
From the DCA curve, we found that the models constructed by
the four methods had certain clinical utility. With regard to the
“TCM syndrome prognostic model”, when predicting R&M
within 3 years and 5 years, the model showed certain
predictive ability and the AUC value of all models was above
0.70. Each of the four methods has its own advantages and
disadvantages, but XGBoost was relatively better for model
accuracy. XGBoost is an open-source ML method developed
by Chen Tianqgi and others in 2014, which is one of the boosting
algorithms. It has the advantages of regularization promotion,
parallel operation, autonomous learning and processing missing
values (34). At present, it is well used in disease diagnosis,
disease prognosis prediction and rational and safe drug use.
However, when the sample size is large, the method consumes a
large amount of memory and takes more time (52).

In addition to the AUC value commonly used to evaluate the
model performance, the DCA curve was also selected as a clinical
utility index of the model. This indicator was first developed by
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Professor Vickers of Memorial Sloan Kettering Cancer Center in
2008 (53). It can meet the actual needs of clinical decision-making,
Therefore, the DCA curve is increasingly widely used in model
development in the medical field (54). In this study, the DCA curve
of the model constructed based on LR, RF and XGBoost had better
clinical practicability and provided additional clinical benefits.
Among them, the probability threshold of the RF method was
the largest, demonstrating that it has the most extensive clinical
reference value. Taking XGBoost as an example, this study
described in detail how to use the model to quantify the risks
probability of R&Mt and also gave a certain visual display. For the
transparency and repeatability of our models, we have uploaded the
relevant source codes on a public repository.

Several limitations need to be considered when interpreting our
findings. Firstly, as the model to predict R&M involved CRC radical
surgery and up to 5 years of follow-up, clinical outcome information
acquisition, and some clinical features were missing; therefore,
during the construction of the model, some factors as predictors
of prognostic value were unable to be entered into the model.
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An example of the model visualizations.

Secondly, retrospective case observation of some patients inevitably
led to bias in the collection of clinical information. Thirdly, the
model we established was based on data from only two hospitals
where the source of anticipated individuals was relatively limited,
and external validation of the model was temporarily unavailable.
However, the above problems can be calibrated by expanding the
patient validation set, enriching the data sources and using the
prospective case observation method to improve the generalization
ability and application of the model in the clinic. Last,
interpretability and explainability of ML methods have become
pressing issues, the blackbox nature of ML is still unresolved (55). It
is of great significance to model application, especially in the field of
medicine. Our study can still not be fully explained with the exact
extent to which it can affect the model and impact the prediction
outcomes. Thus we still advocate that clinicians and practitioners
can approach these models with caution.
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Conclusions

In this study, CRC prognostic models were constructed based
on different ML methods, and in general, these models showed
good performance. The models can be used to predict the
probability of R&M within 3 years and 5 years. Furthermore,
based on the model, we can quantify the influence of “whether the
patient accepts Chinese medicine intervention” and “different
TCM syndromes” on the prognosis. However, it is still
necessary to expand the sample size to calibrate the model and
improve the generalization ability of the model through external
validation sets. In conclusion, this study constructed R&M
prognostic models containing TCM factors for the first time,
and evaluated the model from the aspects of model discrimination
and clinical utility. The models have good performance and can
provide certain values for clinical decision-making.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1044344
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tang et al.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

Author contributions

All authors listed have made a substantial, direct, and
intellectual contribution to the work, and approved it
for publication.

Funding

This study was supported by: 1. The National Administration of
Traditional Chinese Medicine Inheriting and Innovating
Traditional Chinese Medicine “Tens of Millions” Talent Project
(Qihuang Project); 2. The National Natural Science Foundation of
China (NSFC): “Study on the mechanism of tonifying spleen and
fortifying kidney sequential treatment in improving chemotherapy-
induced gastrointestinal and bone marrow toxicity via Wnt/f-
catenin pathway mediated stem cell regeneration” (ID: 81973676).

References

1. Gu HQ, Wang JF, Zhang ZH, Zhou ZR. Clinical prediction models: Model
development. Chin J Evid Based Cardiovasc Med (2019) 11(1):14-6. doi: 10.3969/
j.issn.1674-4055.2019.01.04

2. Wang S, Liu Y, Shi Y, Guan J, Liu M, Wang W. Development and external
validation of a nomogram predicting overall survival after curative resection of
colon cancer. J Int Med Res (2021) 49(5). 03000605211015023. doi: 10.1177/
03000605211015023

3. Kong X, Li J, Cai Y, Tian Y, Chi S, Tong D, et al. A modified
TNM staging system for non-metastatic colorectal cancer based on nomogram
analysis of SEER database. BMC Cancer (2018) 18(1):1-9. doi: 10.1186/s12885-
017-3796-1

4. Chi SQ, Tian Y, Li ], Tong D, Kong XX, Poston G, et al. Time-dependent and
nonlinear effects of prognostic factors in nonmetastatic colorectal cancer. Cancer
Med (2017) 6(8):1882-92. doi: 10.1002/cam4.1116

5. Kim M]J, Jeong S-Y, S-j C, Ryoo SB, Park JW, Park KJ, et al. Survival paradox
between stage IIB/C (T4N0) and stage IIIA (T1-2N1) colon cancer. Ann Surg Oncol
(2015) 22(2):505-12. doi: 10.1245/s10434-014-3982-1

6. Li H, Fu G, Wei W, Huang Y, Wang Z, Liang T, et al. Re-evaluation of the
survival paradox between stage ITB/IIC and stage IIIA colon cancer. Front Oncol
(2020) 2468. doi: 10.3389/fonc.2020.595107

7. Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism (2017)
69:536-40. doi: 10.1016/j.metabol.2017.01.011

Frontiers in Oncology

11

10.3389/fonc.2022.1044344

Acknowledgments

The authors appreciate all the patients and their families for
making this study possible. We are grateful to the Computer
Information Network departments in Xiyuan Hospital of
Chinese Academy of Chinese Medical Sciences and Beijing
Cancer Hospital for their collaboration in constructing a web
page (www.xy.com) to embed our models.

Conflict of interest

Author LG was employed by the company Smart City
Business Unit, Baidu Inc., Beijing, China.

The remaining 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.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1044344/full#supplementary-material

8. Mehta P, Bukov M, Wang C-H, Day AG, Richardson C, Fisher CK, et al. A
high-bias, low-variance introduction to machine learning for physicists. Phys Rep
(2019) 810:1-124. doi: 10.1016/j.physrep.2019.03.001

9. Schwalbe N, Wahl B. Artificial intelligence and the future of global health.
Lancet (2020) 395(10236):1579-86. doi: 10.1016/S0140-6736(20)30226-9

10. Guo J, Li B. The application of medical artificial intelligence technology in rural
areas of developing countries. Health Equity (2018) 2(1):174-81. doi: 10.1089/
heq.2018.0037

11. May M. Eight ways machine learning is assisting medicine. Nat Med (2021)
27(1):2-3. doi: 10.1038/s41591-020-01197-2

12. Bartholomai JA, Frieboes HB. Lung cancer survival prediction via machine
learning regression, classification, and statistical techniques. IEEE (2018), 632-7.
doi: 10.1109/ISSPIT.2018.8642753

13. Yue W, Wang Z, Chen H, Payne A, Liu X. Machine learning with
applications in breast cancer diagnosis and prognosis. Designs (2018) 2(2):13.
doi: 10.3390/designs2020013

14. D'Ascenzo F, De Filippo O, Gallone G, Mittone G, Deriu MA, Iannaccone M,
et al. Machine learning-based prediction of adverse events following an acute
coronary syndrome (PRAISE): a modelling study of pooled datasets. Lancet (2021)
397(10270):199-207. doi: 10.1016/S0140-6736(20)32519-8

15. Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen Y], Ciombor
KK, et al. Colon cancer, version 2.2021, NCCN clinical practice guidelines in

frontiersin.org


http://www.xy.com
https://www.frontiersin.org/articles/10.3389/fonc.2022.1044344/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1044344/full#supplementary-material
https://doi.org/10.3969/j.issn.1674-4055.2019.01.04
https://doi.org/10.3969/j.issn.1674-4055.2019.01.04
https://doi.org/10.1177/03000605211015023
https://doi.org/10.1177/03000605211015023
https://doi.org/10.1186/s12885-017-3796-1
https://doi.org/10.1186/s12885-017-3796-1
https://doi.org/10.1002/cam4.1116
https://doi.org/10.1245/s10434-014-3982-1
https://doi.org/10.3389/fonc.2020.595107
https://doi.org/10.1016/j.metabol.2017.01.011
https://doi.org/10.1016/j.physrep.2019.03.001
https://doi.org/10.1016/S0140-6736(20)30226-9
https://doi.org/10.1089/heq.2018.0037
https://doi.org/10.1089/heq.2018.0037
https://doi.org/10.1038/s41591-020-01197-2
https://doi.org/10.1109/ISSPIT.2018.8642753
https://doi.org/10.3390/designs2020013
https://doi.org/10.1016/S0140-6736(20)32519-8
https://doi.org/10.3389/fonc.2022.1044344
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tang et al.

oncology. J Natl Compr Cancer Netw (2021) 19(3):329-59. doi: 10.6004/
jncen.2021.0012

16. Jeffery M, Hickey BE, Hider PN. Follow-up strategies for patients treated for
non-metastatic colorectal cancer. Cochrane Database Syst Rev (2019) 9). doi:
10.1002/14651858.CD002200.pub4

17. Meyerhardt JA, Mayer R]. Follow-up strategies after curative resection of
colorectal cancer. Semin Oncol (2003) 30(3):349-60. doi: 10.1016/S0093-7754(03)
00095-2

18. Kong XX, Li J. Advances and challenges in prognosis prediction systems for
non-metastatic colorectal cancer. Cancer Res Prev Treat (2020) 47(12):919-24.
doi: 10.3971/j.issn.1000-8578.2020.20.0608

19. Weiser MR, Gonen M, Chou JF, Kattan MW, Schrag D. Predicting survival
after curative colectomy for cancer: individualizing colon cancer staging. J Clin
Oncol (2011) 29(36):4796. doi: 10.1200/JC0O.2011.36.5080

20. Weiser MR, Hsu M, Bauer PS, Chapman WC, Gonzalez IA, Chatterjee D, et al.
Clinical calculator based on molecular and clinicopathologic characteristics predicts
recurrence following resection of stage I-II colon cancer. J Clin Oncol (2021) 39(8):911-
9. doi: 10.1200/JC0O.20.02553

21. Tang M, Gao L, He B, Yang Y. Machine learning-based prognostic
prediction models of non-metastatic colon cancer: Analyses based on
surveillance, epidemiology and end results database and a Chinese cohort.
Cancer Manage Res (2022) 14:25. doi: 10.2147/CMAR.S340739

22. Huang LQ. Complementary advantages of traditional Chinese and Western
medicine, building Chinese characteristics health system. Chin J Integrated Tradit
Western Med (2020) 07:773. doi: 10.7661/j.¢jim.20200620.031

23. Mekenkamp L, Koopman M, Teerenstra S, Van Krieken J, Mol L, Nagtegaal
I, et al. Clinicopathological features and outcome in advanced colorectal cancer
patients with synchronous vs metachronous metastases. Br | Cancer (2010) 103
(2):159-64. doi: 10.1038/s].bjc.6605737

24. Siriwardena AK, Mason JM, Mullamitha S, Hancock HC, Jegatheeswaran S.
Management of colorectal cancer presenting with synchronous liver metastases.
Nat Rev Clin Oncol (2014) 11(8):446-59. doi: 10.1038/nrclinonc.2014.90

25. Weiser MR, Landmann RG, Kattan MW, Gonen M, Shia ], Chou J, et al.
Individualized prediction of colon cancer recurrence using a nomogram. J Clin
Oncol (2008) 26(3):380-5. doi: 10.1200/JCO.2007.14.1291

26. Camp RL, Dolled-Filhart M, Rimm DL. X-Tile: a new bio-informatics tool
for biomarker assessment and outcome-based cut-point optimization. Clin Cancer
Res (2004) 10(21):7252-9. doi: 10.1158/1078-0432.CCR-04-0713

27. Zheng X. Guiding principles for clinical research of new Chinese medicines.
China Med Sci Technol Press (China, Beijing) (2002) 4:73-7.

28. Zhu WF, Wang YY, Chen SKNational Standards of the People's Republic of
China. TCM clinical diagnosis and treatment terms and syndromes. (China, Beijing:
State Bureau of Technical Supervision) (1997).

29. Sargent DJ, Wieand HS, Haller DG, Gray R, Benedetti JK, Buyse M, et al.
Disease-free survival versus overall survival as a primary end point for adjuvant
colon cancer studies: individual patient data from 20,898 patients on 18
randomized trials. J Clin Oncol (2005) 23(34):8664-70. doi: 10.1200/
JCO.2005.01.6071

30. Seo SI, Lim SB, Yoon YS, Kim CW, Yu CS, Kim TW, et al. Comparison of
recurrence patterns between< 5 years and> 5 years after curative operations in
colorectal cancer patients. J Surg Oncol (2013) 108(1):9-13. doi: 10.1002/js0.23349

31. Yang YF. Advantages and prospects of traditional Chinese medicine in the
treatment of colorectal cancer. Chin J Integrated Tradit Western Med (2020) 40
(11):1294-7. doi: 10.7661/j.¢jim.20201011.191

32. Menard S. Applied logistic regression analysis. (UK, London: Sage) (2002)
106.

33. Svetnik V, Liaw A, Tong C, Culberson JC, Sheridan RP, Feuston BP.
Random forest: a classification and regression tool for compound classification
and QSAR modeling. ] Chem Inf Comput Sci (2003) 43(6):1947-58. doi: 10.1021/
ci034160g

34. Chen T, Guestrin C. Xgboost: A scalable tree boosting system. Proceedings of
the 22nd acm sigkdd international conference on knowledge discovery and data
mining; San Francisco, CA: ACM (2016). p. 785-94.

Frontiers in Oncology

12

10.3389/fonc.2022.1044344

35. Hearst MA, Dumais ST, Osuna E, Platt J, Scholkopf B. Support vector
machines. IEEE Intelligent Syst Appl (1998) 13(4):18-28. doi: 10.1109/5254.708428

36. vanRossum G. Python Reference manual. In: Department of computer
science. (Netherlands: CWTI). (1995) R 9525.

37. Pedregosa F, Varoquaux G, Gramfort A, Michel V, Thirion B, Grisel O, et al.
Scikit-learn: Machine learning in Python. ] Mach Learn Res (2011) 12:2825-30.
doi: 10.48550/arXiv.1201.0490

38. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver
operating characteristic (ROC) curve. Radiology (1982) 143(1):29-36. doi: 10.1148/
radiology.143.1.7063747

39. Heagerty PJ, Zheng Y. Survival model predictive accuracy and ROC curves.
Biometrics (2005) 61(1):92-105. doi: 10.1111/j.0006-341X.2005.030814.x

40. Rousson V, Zumbrunn T. Decision curve analysis revisited: overall net benefit,
relationships to ROC curve analysis, and application to case-control studies. BMC Med
Inf Decision Making (2011) 11(1):1-9. doi: 10.1186/1472-6947-11-45

41. Hijazi Z, Oldgren J, Lindbick J, Alexander JH, Connolly SJ, Eikelboom JW,
et al. The novel biomarker-based ABC (age, biomarkers, clinical history)-bleeding
risk score for patients with atrial fibrillation: a derivation and validation study.
Lancet (2016) 387(10035):2302-11. doi: 10.1016/S0140-6736(16)00741-8

42. Fitzgerald M, Saville BR, Lewis R]. Decision curve analysis. Jama (2015) 313
(4):409-10. doi: 10.1001/jama.2015.37

43. Zheng R, Zhang S, Zeng H, Wang S, Sun K, Chen R, et al. Cancer incidence
and mortality in China, 2016. J Natl Cancer Center (2022) 2(1):1-9. doi: 10.1016/
jjnce.2022.02.002

44. Qaderi SM, Dickman PW, de Wilt JH, Verhoeven RH. Conditional survival
and cure of patients with colon or rectal cancer: a population-based study. J Natl
Compr Cancer Netw (2020) 18(9):1230-7. doi: 10.6004/jnccn.2020.7568

45. Young PE, Womeldorph CM, Johnson EK, Maykel JA, Brucher B,
Stojadinovic A, et al. Early detection of colorectal cancer recurrence in patients
undergoing surgery with curative intent: current status and challenges. J Cancer
(2014) 5(4):262. doi: 10.7150/jca.7988

46. Osterman E, Glimelius B. Recurrence risk after up-to-date colon cancer
staging, surgery, and pathology: analysis of the entire Swedish population. Dis
Colon Rectum (2018) 61(9):1016-25. doi: 10.1097/DCR.0000000000001158

47. Biller LH, Schrag D. Diagnosis and treatment of metastatic colorectal
cancer: A review. JAMA (2021) 325(7):669-85. doi: 10.1001/jama.2021.0106

48. Sun L, Yang Y, Vertosick E, Jo S, Sun G, Mao JJ. Do perceived needs affect
willingness to use traditional Chinese medicine for survivorship care among
chinese cancer survivors? a cross-sectional survey. J Global Oncol (2017) 3
(6):692-700. doi: 10.1200/JGO.2016.007955

49. Wang JB, Yang YF. Questionnaire survey on the purpose postoperative colorectal
cancer patients in pursuit of traditional Chinese medicine treatment. Modernization
Tradit Chin Med Mater Medica-World Sci Technol (2011) 13(1):82-6. doi: 10.3969/
jissn.1674-3849.2011.01.015

50. Zhang S, Shi L, Mao D, Peng WJ, ShenG CX, Ding CC, et al. Use of jianpi
jiedu herbs in patients with advanced colorectal cancer: A systematic review and
meta-analysis. Evidence-Based Complementary Altern Med: eCAM (2018)
2018:6180810. doi: 10.1155/2018/6180810

51. He WT, Zhang T, Yang YF, Zhang HL. Meta-analysis of clinical efficacy of
traditional Chinese medicine in treating colorectal cancer and syndrome analysis. |
Tradit Chin Med (2018) 59(22):1929-36. doi: 10.13288/j.11-2166/r.2018.22.009

52. Qia QN, Liu Y, Chan JH, Liu XZ, Yang R, Zhang JY, et al. Research progress
on machine learning XGBoost algorithm in medicine. ] Mol Imaging (2021) 44
(5):856-62. doi: 10.12122/j.issn.1674-4500.2021.05.25

53. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating
prediction models. Med Decision Making (2006) 26(6):565-74. doi: 10.1177/
0272989X06295361

54. Alba AC, Agoritsas T, Walsh M, Hanna S, Torio A, Devereaux P, et al.
Discrimination and calibration of clinical prediction models: users’ guides to the
medical literature. Jama (2017) 318(14):1377-84. doi: 10.1001/jama.2017.12126

55. Tjoa E, Guan C. (2020). A survey on explainable artificial intelligence (xai):
Toward medical xai, in: IEEE transactions on neural networks and learning systems,
(2020) 32(11):4793-813.

frontiersin.org


https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.6004/jnccn.2021.0012
https://doi.org/10.1002/14651858.CD002200.pub4
https://doi.org/10.1016/S0093-7754(03)00095-2
https://doi.org/10.1016/S0093-7754(03)00095-2
https://doi.org/10.3971/j.issn.1000-8578.2020.20.0608
https://doi.org/10.1200/JCO.2011.36.5080
https://doi.org/10.1200/JCO.20.02553
https://doi.org/10.2147/CMAR.S340739
https://doi.org/10.7661/j.cjim.20200620.031
https://doi.org/10.1038/sj.bjc.6605737
https://doi.org/10.1038/nrclinonc.2014.90
https://doi.org/10.1200/JCO.2007.14.1291
https://doi.org/10.1158/1078-0432.CCR-04-0713
https://doi.org/10.1200/JCO.2005.01.6071
https://doi.org/10.1200/JCO.2005.01.6071
https://doi.org/10.1002/jso.23349
https://doi.org/10.7661/j.cjim.20201011.191
https://doi.org/10.1021/ci034160g
https://doi.org/10.1021/ci034160g
https://doi.org/10.1109/5254.708428
https://doi.org/10.48550/arXiv.1201.0490
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.1111/j.0006-341X.2005.030814.x
https://doi.org/10.1186/1472-6947-11-45
https://doi.org/10.1016/S0140-6736(16)00741-8
https://doi.org/10.1001/jama.2015.37
https://doi.org/10.1016/j.jncc.2022.02.002
https://doi.org/10.1016/j.jncc.2022.02.002
https://doi.org/10.6004/jnccn.2020.7568
https://doi.org/10.7150/jca.7988
https://doi.org/10.1097/DCR.0000000000001158
https://doi.org/10.1001/jama.2021.0106
https://doi.org/10.1200/JGO.2016.007955
https://doi.org/10.3969/ j.issn.1674-3849.2011.01.015
https://doi.org/10.3969/ j.issn.1674-3849.2011.01.015
https://doi.org/10.1155/2018/6180810
https://doi.org/10.13288/j.11-2166/r.2018.22.009
https://doi.org/10.12122/j.issn.1674-4500.2021.05.25
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.1177/0272989X06295361
https://doi.org/10.1001/jama.2017.12126
https://doi.org/10.3389/fonc.2022.1044344
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Machine learning based prognostic model of Chinese medicine affecting the recurrence and metastasis of I-III stage colorectal cancer: A retrospective study in China
	Introduction
	Methods
	Study data
	Model predictors
	Model prediction target
	Model methods
	Model evaluation indicators

	Results
	Baseline characteristics
	Model parameter
	Chinese medicine intervention prognostic model
	TCM syndrome prognostic model
	Application of the model
	Webpage deployment tool

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	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 false
  /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 false
  /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 false
  /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


