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Decision tree and prediction model for hypopharyngeal cancer survival
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ABSTRACT. Objective: Data mining methods have been used to build prediction models from cancer databases.
However, the hierarchy and relative contribution of the prognostic factors affecting hypopharyngeal cancer survival have
not been reported and were analyzed here using a decision tree and Cox regression models.

Methods: A total of 923 patients with American Joint Committee on Cancer (AJCC) stage III - IV hypopharyngeal
cancer were identified from 2007 to 2013 in the Surveillance, Epidemiology, and End Results database. Classification
and Regression Tree (CART) and Cox regression models were used to analyze race, staging, insurance status, treatment
modality, sex, tumor differentiation, and marital status. The endpoint was the 5-year disease-specific survival.

Results: Univariate and multivariate analyses using Cox regression models revealed the 5-year disease-specific survival
rates were higher in (1) non-black patients vs. black patients; (2) AJCC stage III vs. IV patients; (3) the “insured” group
vs. the “other” insurance groups; (4) the “operation (OP)+radiotherapy (RT)” group vs. the “RT alone” group and the “RT
alone” group vs. the “OP alone” group.

The 5-year disease-specific survival curves based on treatment also showed “OP+RT” was superior to “RT alone” and
“RT alone” was superior to “OP alone”.

The relative importance of variables influencing the survival of patients with hypopharyngeal cancer was generated using
the CART algorithm, with race being the most important, followed by staging, insurance status, and treatment modality.
Conclusion: A decision tree algorithm easily elucidates the hierarchies and relative contribution of variables for predicting
survival.

Introduction Data mining methods have been used in recent

Hypopharyngeal cancer has a relatively low overall
incidence, which was reported as approximately
1.0 per 100,000 person-years between 1972 and
2010 in the United States.' Because of the insidious
onset and submucosal-spreading tendency of
hypopharyngeal cancer, it is commonly diagnosed
at an advanced stage, leading to a poor prognosis.'
Current hypopharyngeal cancer treatment guide-
lines are primarily based on tumor staging;*
while predictive and prognostic biomarkers such
as epidermal growth factor receptor,*® the TP53
tumor suppressor gene,”* and p16INK4A,>¢ assist
in clinical decision making in other head and neck
cancers.

Conflict of interest: none.

studies to build prediction models from cancer
databases.*®* However, no previous study has
provided the hierarchy and relative contribution
of the prognostic factors affecting hypopharyngeal
cancer survival. Therefore, prognostic grouping
based on clinical attributes of patients with hypo-
pharyngeal cancer should be investigated using a
large database.

The rapidly expanding capacity of databases
and techniques, such as data mining, have helped
clarify relationships and recognize patterns among
large quantities of clinical attributes, and have been
useful in predicting outcomes.”"® Decision trees are
powerful classification algorithms that recursively
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separate observations in branches to construct a
tree to improve prediction accuracy.” A decision
tree model has been applied in various scenarios,
such as determining a causal relationship' and in
cancer outcome prediction,”*? and may identify
patients who will gain the most benefit from further
management."

No study has focused on the prioritization and
stratification of clinical variables for predicting
hypopharyngeal cancer outcome.

This study implemented a decision tree and
Cox regression models to analyze the prognostic
effect of clinical variables on the outcome of
hypopharyngeal cancer using the comprehensive
Surveillance, Epidemiology, and End Results
(SEER)database."

Materials and methods

Patients and data collection

From the SEER database,’® 923 patients with
American Joint Committee on Cancer (AJCC)
stage III-IV hypopharyngeal cancer were identified
from 2007 to 2013 and recruited for this study.
Race, staging, insurance status, treatment modality,
and other variables, such as age, sex, tumor dif-
ferentiation, and marital status, were analyzed. The
endpoint was the 5-year disease-specific survival.
Clinical tumors and lymph nodes were staged
according to the AJCC stage classification system.’

Statistical analysis

This study used the decision tree and Cox regression
models to analyze the clinical variables in patients
with hypopharyngeal cancer. The Cox regression
conventional statistical method is well-known; while
a decision tree is an emerging classification model,
gaining its popularity in the field of data mining.
The Classification and Regression Tree (CART),"”
a decision tree algorithm, handles both categorical
and continuous attributes' and uses the Gini Index
as a feature selection measure to identify an attribute
and the threshold within the attribute that separates
patients into two subgroups.”'® This binary splitting
is repeated for maximal homogeneity within each
of the daughter groups’ until the complete tree is
constructed.” Univariate and multivariate analyses
for 5-year disease-specific survival were conducted
using Cox regression models to generate hazard
ratios(HRs).
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Results

Demographic findings

The baseline characteristics of the patients with
hypopharyngeal cancer are listed in Table 1. The

Table 1
Baseline characteristics of hypopharyngeal cancer patients,
n=923

Variables Number, 7 (%)
Age (MeantSD) 62+10
Gender

Male 775 (84%)

Female 148 (16%)
AJCC cT

Tl 91 (10%)

T2 303 (33%)

T3 252 (27%)

T4 277 (30%)
AJCC cN

NO 131 (14%)

N1 245 (27%)

N2 496 (54%)

N3 51 (5%)
AJCC stage

Stage 111 253 (27%)

Stage IV 670 (73%)
Treatment modality

OP alone 31 (3%)

RT alone 702 (76%)

OP+RT 190 (21%)
Differentiation

Well/Moderately 503 (54%)

Poorly/Undifferentiated 420 (46%)
Race

Not black 767 (83%)

Black 156 (17%)
Marital status

Other 489 (53%)

Married 434 (47%)
Insurance status

Insured 619 (67%)

Other 304 (33%)
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patients who had private insurance were included
in the “insured” category; whereas those who had
only Medicaid or no insurance were included in the
“other” category under insurance status.

Univariate analysis

The results of the univariate analysis showed that
the 5-year disease-specific survival rate was (1)
lower in black patients (hazard ratio [HR]=1.73,
95% confidence interval [CI]=1.35-2.21) than in
non-black patients; (2) higher in the AJCC stage 111
group (HR=0.64, 95% CI=0.50-0.83) than in the
stage IV group; (3) lower in the “other” insurance
group (HR=1.62, 95% CI=1.31-1.99) than in
the “insured” group; (4) higher in the “operation

Table 2
Univariate analysis for 5-year disease-specific survival, n=923

Beta HR (95%CI)

Age 0.014 1.02 (1.00-1.03)

Gender

Male 1

Female -0.120 0.89 (0.68-1.15)
AJCC stage

Stage IV 1

Stage III -0.440 0.64 (0.50-0.83)

Treatment modality

OP alone 0.822 2.28 (1.43-3.62)

RT alone 1

OP+RT -0.307 0.74 (0.57-0.95)
Differentiation

Well/Moderately 1

Poorly/Undifferentiated -0.265 0.77 (0.63-0.94)

Race
Not black 1
Black 0.548 1.73 (1.35-2.21)

Marital status

Other 1

Married -0.370 0.69 (0.56-0.85)

Insurance status

Insured 1

Other 0.481 1.62 (1.31-1.99)

Abbreviation: HR, hazard ratio; CI, confidence interval.

95

(OP)+radiotherapy (RT)” group (HR=0.74, 95%
CI=0.57-0.95) than in the “RT alone” group, and
lower in the “OP alone” group (HR=2.28, 95%
CI=1.43-3.62) than in the “RT alone” group (Table
2).

Multivariate analysis

The results of the multivariate analysis also revealed
that the 5-year disease-specific survival rate was (1)
lower in black patients (HR=1.51, 95% CI=1.16-
1.96) than in non-black patients; (2) higher in the
AJCC stage III group (HR=0.63, 95% CI=0.49-
0.81) than the stage IV group; (3) lower in the
“other” insurance group (HR=1.52, 95% CI=1.20-
1.92) than in the “insured” group; (4) higher in the

Table 3
Multivariate analysis for 5-year disease-specific survival,
n=923
Beta HR (95%CI)
Age 0.026 1.03 (1.02-1.04)
Gender
Male 1
Female -0.122 0.89 (0.68-1.15)
AJCC stage
Stage IV 1
Stage III -0.457 0.63 (0.49-0.81)
Treatment
OP alone 0.520 1.68 (1.05-2.70)
RT alone 1
OP+RT -0.323 0.72 (0.56-0.94)
Differentiation
Well/Moderately 1

Poorly/Undifferentiated | -0.172 | 0.84 (0.0.68-1.04)

Race
Not black 1
Black 0.412 1.51 (1.16-1.96)

Marital status

Other 1

Married -0.222 0.80 (0.64-0.99)

Insurance status

Insured 1

Other 0.417 1.52 (1.20-1.92)

Abbreviation: HR, hazard ratio; CI, confidence interval.
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“OP+RT” group (HR=0.72, 95% CI=0.56-0.94)
than in the “RT alone” group, and lower in the “OP
alone” group (HR=1.68, 95% CI=1.05-2.70) than
in the “RT alone” group (Table 3).

The 5-year disease-specific survival curves based
on treatment modality (Figure 1) significantly
differed between the “OP alone” and “RT alone”
groups (p=0.001), the “OP alone” and “OP+RT”
groups (p=0.001), and the “OP+RT” and “RT
alone” groups (p=0.019). The three separate
survival curves showed “OP+RT” was superior to
“RT alone” and “RT alone” was superior to “OP
alone” for the 5-year disease-specific survival
(Figure 1).

CART-generated decision tree model

In the hierarchy of variables, the first prediction
factor for the 5-year disease-specific survival is the
treatment modality and “OP alone” is separate from
“OP+RT” and “RT alone”. The second prediction
factor is race and “black” is separate from “non-
black”. The next prediction factors are (1) AJCC
staging in the “non-black” group, where “stage [V”
is separate from “stage I11”’; and (2) insurance status
in the “black™ group, where “insured” is separate
from “other” (Figure 2).
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Figure 1

The 5-year disease-specific survival curves, according to
treatment modality, for patients with hypopharyngeal cancer.

The relative importance of variables influencing
the survival of patients with hypopharyngeal cancer
was generated using the CART algorithm, with
race being the most important (relative importance

H.P. Lee et al.
Table 4
Relative importance of variables by Gini index in the CART
algorithm

Variable Relative importance
Race 100%

AJCC stage 73%

Insurance status 68%

Treatment 65%

Age 52%

Marital status 30%
Differentiation 23%

Gender 15%

100%), followed by AJCC staging (relative
importance  73%), insurance status (relative
importance 68%), and treatment modality (relative
importance 65%) (Table 4).

Comparison of the results of the two models

The traditional Cox regression analysis generated
HRs, from which the significance of each prognostic
factor was implied.

The CART-generated decision tree model was
constructed graphically; hence, the hierarchies and
relative contributions of the attributes were easily
comprehensible.

The clinical variables studied were intricately
inter-related instead of independently effective
in an individual patient. Therefore, each attribute
should be viewed as part of the complete
characteristics of an individual, instead of as an
independent prognostic factor. In this regard, the
CART-generated decision tree model reasonably
complemented the traditional Cox regression
model.

Discussion

Novel findings

Univariate and multivariate analyses using Cox
regression models both revealed that the 5-year
disease-specific survival rates were higher in (1)
non-black patients vs. black patients; (2) the AJCC
stage 111 vs. stage IV group; (3) the “insured” group
vs. the “other” insurance group; (4) the “OP+RT”
group vs. the “RT alone” group, and the “RT alone”
group vs. the “OP alone” group.

According to the CART-generated decision
tree model, the first prediction factor for the
S-year disease-specific survival in patients with
hypopharyngeal cancer is the treatment modality,
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Figure 2

CART-generated decision tree model of the prognostic factors for patients with hypopharyngeal cancer. DSS= disease-specific survival.

“OP+RT” is superior to “RT alone” and “RT alone”
is superior to “OP alone”. The second prediction
factor is race, and the third prediction factors are

and “OP alone” is separate from “OP+RT” and
“RT alone”. This result corresponds with the 5-year
disease-specific survival curves showing that
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AJCC staging and insurance status. The patient’s
race, AJCC stage, insurance status, and treatment
modality have the highest relative importance
compared with the remaining variables in the
CART algorithm.

In the Cox regression model, HRs and confidence
intervals were generated for each variable to
determine the significance of impact on outcomes.
The decision tree model used the Gini index to
calculate impurity and partitioned the patients into
groups with maximal homogeneity to prioritize
the clinical variables based on their relative
contributions to outcomes. All the clinical attributes
were integral parts of the characteristics of an
individual patient, rather than independent clinical
variables to be analyzed. Therefore, grouping of
patients with similar outcomes and determining the
relative weight of impact, as done in the decision
tree model, may be more reasonable and practical.
Strength of this study

The SEER database provides detailed information
for a significant population size, including tumor-
node-metastasis staging® and treatment options
such as operation and radiation therapy. This also
facilitated the comprehensive investigation of the
prognostic effect of insurance and marital status
on the outcomes of hypopharyngeal cancer. No
previous study has provided the hierarchy and
relative contribution of the prognostic factors
affecting hypopharyngeal cancer survival. This
is the first study to construct clear prognostic
grouping based on the clinical attributes of patients
with hypopharyngeal cancer using a large database.

Comparison with other studies

Previous studies mostly applied traditional
statistical methods such as the Cox regression
model to elucidate the impact of individual clinical
factors on prognosis.'> However, in clinical settings,
the characteristics of each individual patient are
composed of various clinical attributes. A decision
tree model is better suited for analysis of the
intricately inter-related attributes.”” Moreover, the
primary assumption of the Cox regression model
is that the hazard functions of all data groups
are proportional to one another.'® Unlike the Cox
regression model or logistic regression, a decision
tree model makes no assumption of proportional
hazards,'® does not assume a multiplicative risk
model or a specific parametric probability model,"”

H.P. Lee et al.

does not require a specification of the risk function,"’
and is not affected by outlying observations."’

The CART analysis is a flexible, non-parametric
technique that can handle numerical data and
categorical predictors,'" and can uncover complex
interactions between predictors in determining
outcomes." The decision tree is constructed
graphically, and hence the hierarchies and rela-
tive contributions of the attributes are easily
comprehensible and useful in predicting outcomes
in clinical scenarios.”"” Despite these pros, one
shortcoming of the decision tree model is that it
requires the availability of data for all cases." Lack
of any data in a particular case results in deletion
of the case, and additional analyses using an
unavailable potential prognostic factor would limit
the applicability of this model."

In agreement with our results, AJCC staging
has been widely recognized as a highly significant
prognostic indicator in hypopharyngeal cancer.”
In other studies of hypopharyngeal -cancer,
postoperative radiation therapy has improved the
S-year survival rates and decreased the rates of
local and regional recurrence.”? A multi-modality
treatment policy aims to increase survival rates and
is gaining in popularity in advanced head and neck
cancers.”

Similar to our result, a study noted that the
African American race conferred the worst
prognosis for head and neck cancer across all
stages and in local and regional disease subsets.”
The cause of this disparity is unclear and warrants
further investigation.

Yet, another study found no difference in overall
survival between black and white patients for
laryngeal and hypopharyngeal cancers, but the study
stated there was a lack of data on comorbidities and
compliance with treatment could affect outcomes.”

Similar to the results of the current study,
previous studies have reported that a lack of
insurance or having only Medicaid posed a higher
risk of presenting with advanced head and neck
cancer; this may reflect differences in insurance
support when seeking definitive treatment.***

Limitations of this study

This study has some limitations. First, data
regarding comorbidities were not available; these
may influence clinical treatment decision making as
well as survival. Also, pathology reports were not
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available and certain variables were oversimplified
into two to three categories, potentially hindering
further survival analysis. Furthermore, there are
complex clinical variables influencing the treat-
ment modality, leading to an unavoidable bias in
the choice of therapy. Thorough assessments of
comorbidities, surgical techniques, post-therapeutic
status of the primary site, personal considerations,
and various other factors may all contribute to
uncertainty in the treatment choice, e.g. to choose
radiotherapy alone, surgery alone, or surgery and
radiotherapy. Finally, chemotherapy could not be
extracted from the present database. Therefore,
future prospective studies should consider poten-
tial contributing factors, gather more relevant
information, and subcategorize more variables
related to hypopharyngeal cancer.

Conclusion

Compared with conventional statistical methods, a
decision tree algorithm more clearly elucidates the
hierarchies and relative contribution of variables
in predicting survival. A CART-generated decision
tree model in hypopharyngeal cancer depicted the
treatment modality as the first prediction factor,
race as the second prediction factor, and then AJCC
staging and insurance status. The decision tree
model graphic is easily comprehensible and useful
in predicting outcomes in clinical scenarios.
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