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Abstract

Due to the differences in environments and cultures,
consumers seeking cancer information in various regions of
the world may have diverse needs. This study compares the
cancer information needs for consumers in the US and China.
Specifically, we first collected 1,000 cancer-related questions
from Yahoo! Answers and Baidu Zhidao, respectively. Then,
we developed a taxonomy of health information needs and
manually classified the questions using the taxonomy. Finally,
we analyzed the characteristics of information needs from
consumers in both countries and summarized the differences
between them. Our study demonstrated that although there are
some common needs between consumers in the US and China,
there are several significant differences between the two
countries: the Chinese consumers are more likely to seek
diagnosis and treatment online, while the US consumers
prefer to seek common medical knowledge online.

Keywords:

Cancer; Information Needs; Taxonomy; Consumer Health
Informatics

Introduction

Cancer is one of the leading causes of death worldwide.
Tremendous efforts from the government, health providers,
and pharmaceutical companies have been devoted to
developing effective cancer therapies. With the initiative of
precision medicine, a recent trend in cancer treatment is to
provide personalized cancer therapy [1; 2], in which the
proactive engagement from patients regarding treatment
preference and healthcare data sharing plays a critical role.
Therefore, multiple healthcare organizations (e.g., Mayo
Clinic ') and government institutes (e.g., National Cancer
Institute of US ?) provide comprehensive online cancer
knowledge services and have developed patient portals to
answer healthcare questions and collect feedbacks, for better
patient education and engagement in personalized cancer
therapy.

Meanwhile, consumers (e.g., patients, family members,
friends) seeking cancer information all over the world are also
eager to know different cancer-related information, ranging
from common knowledge about the causes, symptoms, and
treatments to the most suitable healthcare providers and
emerging new treatment options in the era of precision
medicine. Moreover, people in different regions are
attempting to find cancer knowledge and therapies worldwide
to leverage better healthcare resources. Therefore, it is
necessary to build automated informatics tools such as search
engine or question answering systems that can integrate the
rich resources and provide more efficient and effective cancer

! http://www.mayoclinic.org/
2 https://www.cancer.gov/

knowledge services for consumers. One essential step toward
this goal is to first understand the specific cancer information
needs of consumers, in order to provide the most helpful
information.

Fortunately, such information needs are expressed in various
social communities, such as online question answering
communities where people can ask their questions and answer
others’ questions (e.g., Yahoo! Answers?® in the US and Baidu
Zhidao * in China). As time passed, these websites have
accumulated a large amount of cancer-related questions and
answers, which provide us invaluable data resources for
understanding consumer health information needs. However,
people from different regions with different cancer
distributions, therapy development and cultures may have
different information needs [3; 4]. For example, our
preliminary study reveals that consumers in the US prefer to
know the causes or risk factors of cancers, while consumers in
China pay more attention to seek possible treatments online.
Identifying the differences in information needs among
consumers in different regions will facilitate the building of
more advanced automated cancer knowledge services (e.g.,
search engines / question answering systems) which can
provide knowledge / answers according to consumer-centered
information needs. Furthermore, being aware of the different
information needs required by the consumers will also
facilitate cross-region collaborations for cancer diagnosis and
treatment, such as the rapidly emerging international
telemedicine.

There are several studies [5-11] that have analyzed cancer-
related questions to understand consumer information needs.
These studies mainly focused on very specific topics,
including the information needs of post-treatment cancer
patients [7; 9], patients in self-characterized illness phase [8],
breast cancer patients [10], rare cancer patients [6], melanoma
patients [11] and cancer patients’ questions about pain [5].
However, no comprehensive study of consumer information
needs of cancers has been conducted. Furthermore, the
differences in information needs among comsumers in
different regions of the world have not been previously
investigated. This study compares the cancer information
needs for consumers in different regions. As a starting point,
we set the comparison between the US and China, because

? https://answers.yahoo.com/
* https://zhidao.baidu.com/
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Table 1 — The detailed definitions for the 10 main categories of the taxonomy for consumer information needs related to cancers

Main Category Description

Common Knowledge Common medical knowledge, such as the definition, prevalence, etiology, prognosis or information resources of some conditions,
etc.

Diagnosis ‘What are the possible conditions given certain symptoms, what are the possible symptoms given certain conditions, and
knowledge about the tests such as the skin test, imaging and biopsy, etc.

Treatment Treatments of diseases, which include the drug therapy, surgery, radiotherapy and targeted therapy, etc.

Prevention The prevention of some cancers with drug, food or other methods.

Healthy Lifestyle

Healthy diet, mood control or other issues about how to keep healthy or help for recovery in daily life.

Health Provider Choosing
tions and foundations, etc.

Information about choosing hospitals, departments, doctors or other healthcare organizations such as the support groups, associa-

Second Opinion

Seek second opinions or suggestions from others.

Similar Experience Finding

Find someone who has similar experiences.

Finance Information about financial support, such as the insurance, claim and charity, etc.

Other Other questions that cannot fall into any categories above.

both countries have large scales of patients with different
cancer distributions and cultures [3; 4]. Specifically, we first
collected 1,000 cancer-related questions from Yahoo!
Answers and Baidu Zhidao, respectively. Then, we developed
a taxonomy of health information needs and manually
classified the questions using the taxonomy. Finally, we
analyzed the characteristics of information needs from
consumers in both countries and summarized the differences
between them. As far as we know, this is the first study to
compare cancer information needs for consumers in the US
and China. Our study will greatly benefit the development of
automated cancer knowledge services for consumers as well
as the cross-region collaboration for cancer therapy.

Methods

Datasets

We collected cancer-related questions from Yahoo! Answers
and Baidu Zhidao, which represent the most popular online
question answering communities in the US and China,
respectively [12-16]. More specifically, we collected questions
under the category of “Health / Diseases & Conditions /
Cancer” from Yahoo! Answers and “[EJ7 fi B / i &t
(Health Care / Oncology)” from Baidu Zhidao. To facilitate
analysis, we took the subject field as the question without
considering the description field, which contains the detailed
description. Finally, we collected 9,043 and 166,469 questions
in English and Chinese, respectively.

We randomly sampled 1,000 questions from each dataset to
conduct the comparative study. As all the questions are user
generated, some questions are not clearly described (e.g.,
Brain tumor?) or even not related to the cancer topic. We
discarded these questions and randomly sampled new ones to
keep the sample size at 1,000 for each dataset.

Taxonomy

To characterize consumer health information needs, a
taxonomy is needed to classify the consumers’ questions. The
Taxonomy of Generic Clinical Questions (TGCQ) [17] is one
of the most popular taxonomies for classifying health-related
questions. Several studies [17; 18] show that TGCQ is useful
for analyzing physicians’ and case managers’ information
needs, but is not suitable for consumers’ questions due to the
difference in the information needs between the physicians
and the consumers [19]. We are aware of one recent study [19]
that developed a taxonomy mainly based on TGCQ for
analyzing consumer health information needs on hypertension
related questions. However, this taxonomy is incomplete or
somewhat confusing for our case. For example, there is no
category for the questions regarding seeking second opinions,

finding similar experiences and asking financial support,
where these three categories take up 11.7% of the English
questions in our study. Furthermore, we also created a new
category named Common Knowledge, which covers the
definition, prevalence, etiology, prognosis or information
resources of some conditions, etc. Finally, based on TGCQ
and the taxonomy developed in the work of [19], we
developed our new taxonomy, which consists of two levels of
categories. The first level contains 10 main categories and the
second level contains 28 subcategories. The detailed
definitions for the 10 main categories are shown in Table I
and the 28 subcategories can be found in Table 2.

Annotation

We manually reviewed 100 questions from both the two
datasets to develop an annotation guideline. Table 3 shows
several examples from the annotation guideline. For instance,
the question “Why does cancer treatment work for some and
not others??” can be classified into the main category
Treatment, but cannot fall into any other subcategories of
Treatment (i.e., Drug Therapy, Surgery, Other Treatments and
Treatment Seeking). Thus, we classify this question as
Treatment—>Other. Two annotators who are fluent in both
English and Chinese manually classified the 2,000 questions
(1,000 in English and 1,000 in Chinese) with the taxonomy we
developed. The disagreements in the annotations were solved
through group discussion including the two annotators.

Statistical Analysis

Cohen’s kappa [20] was used to calculate inter-annotator
agreement scores for the first level categories and the second
level categories. We examined the frequency distribution of
cancer-related questions among the first level categories and
the second level categories for both the English dataset and the
Chinese dataset. We also compared the frequency distribution
across the English questions and the Chinese questions to
identify the differences.

Results and Discussion

Taxonomy reliability

The two annotators manually annotated the 1,000 cancer-
related questions from Yahoo! Answers (US) and 1,000
cancer-related questions from Baidu Zhidao (China) using the
developed taxonomy. Table 2 shows the frequency
distribution over the two-level categories for the two datasets.
The kappa measurement implemented in Stata was used to
calculate the inter-annotator agreement between the two
annotators.
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Table 2 — Two-level categories of consumer information needs and their frequencies on caner-related questions

Main Category Subcategory Freq y on Yahoo Data | Frequency on Baidu Data
Definition 76 (7.6%) 41 (4.1%)
Prevalence 73 (7.3%) 31 (3.1%)
Etiology 423 (42.3%) |_115 (11.5%) 86 (8.6%)
Common Knowledge Prognesis 3 ] 244 244%) a3 @30
Information Seeking 47 (4.7%) 7 (0.7%)
Other 48 (4.8%) 36 (3.6%)
Condition 56 (5.6%) 131 (13.1%)
Diagnosis Symptom 139 (13.9%) 48 (4.8%) || 247 (24.7%) | 33 (3.3%)
Test 35(3.5%) 83 (8.3%)
Drug Therapy 75 (7.5%) 79 (1.9%)
Surgery 26 (2.6%) 66 (6.6%)
Treatment Other Therapy 212 (21.2%) 27 (2.7%) || 352 (35.2%) | 28 (2.8%)
Treatment Seeking 62 (6.2%) 157 (15.7%)
Other 22 (2.2%) 22 (2.2%)
Drug for prevention 1 (0.1%) 1 (0.1%)
Prevention Food for prevention 9 (0.9%) 2 (0.2%) 20 (2.0%) 6 (0.6%)
Other 6 (0.6%) 13 (1.3%)
Diet 18 (1.8%) 47 (4.7%)
Healthy Lifestyle Mood Control 35 (3.5%) 6(0.6%)| 71(7.1%) 5(0.5%)
Other 11 (1.1%) 19 (1.9%)
Hospital 17 (1.7%) 35 (3.5%)
Department 0 (0.0%) 6 (0.6%)
Health Provider Choosing 32 (3.2%) 48 (4.8%) ——
Doctor 7 (0.7%) 7 (0.7%)
Other 8 (0.8%) 0(0.0%)
Second Opinion 60 (6.0%) 60 (6.0%) 7 (0.7%) 7 (0.7%)
Similar Experience Finding 33(3.3%) 33 (3.3%) 2(0.2%) 2(0.2%)
Finance 24 (2.4%) 24 (2.4%) 1 (0.1%) 1 (0.1%)
Other 33(3.3%) 33 (3.3%) 8 (0.8%) 8 (0.8%)

Table 3 — Examples from the annotation guideline of consumer information needs related to cancers

Category Guideline / Generic Types of Questions Example Questions (English translations are given following the Chinese questions.)

Common Knowledge | Causes such as genetic inheritance / risk factors of | Does salt lead to lung cancer?

2 Etiology some conditions IR — 5 R Je RS2 (Are all the cases of Hemangioma congenital?)
Treatment - | Questions about seeking help or treatment for some | How do you treat breast cancer?
Treatment seeking conditions.

P WL A0 6T (How to treat leiomyosarcoma)

Treatment = Other

Questions about treatment, which cannot fall into

Why does cancer treatment work for some and not others??

any other subcategories of Treatment. SR BRI T LLAR AT (Is lymphoma curable?)

Second Opinion Questions of seeking second opinions or | If you have just had a very close neighbor die of liver cancer..what do you do?
suggestions. LEEBHEHRN, W ABE? (BY. KR (To visit patients with gastric
cancer, which is better to bring? Food or fruits?)
Similar  Experience | Questions of finding similar experiences. Has anyone suffered from choriocarcinoma?
Finding A iy 22 A6 L BRI 2 S i I A E (Is Life Ribbon useful for breast ade-
noma? Those who have used it, please come here)
Finance Questions about financial support, such as the | would like to know if i can get affordable insurance for melanoma treatment?
insurance, claim and charity, etc. TN, TR, S ARATHELAT? (s there any demobilization
policy for soldiers who have cancers and need life-long medication?)
45 For the first level categories, the two annotators achieved a
w gg OYahoo! Answers (US) DBaidu Zhidao (China) Kappa score of 0.9105 and 0.9502 for the English questions
.‘;(_7 30 and the Chinese questions, respectively. For the second level
é gg categories, the two annotators achieved a Kappa score of
& . and 0. or the English questions an inese
g 15 0.8976 and 0.8798 for the English quest d Ch
& 1? l_| [ =00 questions, respectively. The good kappa scores indicated that
0 —m rE — = P Tl the two annotators achieved high agreement on both of the
of’ £ & & _&}B ey & . \(@ 2 ‘00\ ~ .
6‘@5 ‘&Qo" ar}é@“ p = _&C,\ < & & e\\ob \\Q.;‘ & two-level categories.
& o & & 8 ) . . . . . .
«“é\* A & q\e?‘ & & Frequency distribution of cancer information needs in US
A & A 48
& &,56& @gzée Among the 1,000 English questions from Yahoo! Answers,
)

the most frequent main category is Common Knowledge
(42.3%), with the most frequent subcategory being Etiology,
indicating that consumers in the US are more concerned with
the cause or risk factors of diseases. The second most frequent
main category is Treatment (21.2%), where the most frequent

MAIN CATEGORIES

Figure 1 — Comparisons of frequency distributions over the 10
main categories for the questions from the US and China
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subcategory is Drug Therapy. The third most frequent main
category is Diagnosis (13.9%), where most of the questions
are about the subcategory Condition (i.e., what are the
possible conditions given the symptoms). For other main
categories, the frequency distributions are 6% for Second
Opinion, 3.5% for Healthy Lifestyle, 3.3% for Similar
Experience Finding, 3.2% for Healthcare Provider Choosing,
2.4% for Finance and 0.9% for Prevention.

Frequency distribution of cancer information needs in
China

Among the 1,000 Chinese questions from Baidu Zhidao, the
most frequent main category is Treatment (35.2%), where the
most frequent subcategory is Treatment Seeking, indicating
that consumers in China care more about seeking possible
treatments online. The second most frequent main category is
Diagnosis (24.7%), where the most frequent subcategory is
Condition. The third most frequent main category is Common
Knowledge (24.4%), where the most frequent subcategory is
Etiology. The frequency distribution for other main categories
are 7.1% for Healthy Lifestyle, 4.8% for Healthcare Provider
Choosing and 2% for Prevention. There are very few
questions about requesting second opinions, finding similar
experiences and asking for help with financial support.

Comparisons of cancer information needs between China
and US

Figure 1 and Figure 2 shows the comparisons of frequency
distributions over the 10 main categories and the 28
subcategories for the two datasets, respectively. From the two
figures, we can find that the most frequent main categories for
both datasets are Common Knowledge, Diagnosis and
Treatment, which covers 77.4% and 84.3% of the questions in
the two datasets, respectively. This indicates that consumers in
the US and China have the similar concerns even with
different healthcare systems and cultures.

Among the top three most frequent main categories of both
datasets, we found several differences between the US and
China. For the US consumers, the most frequent category is
Common Knowledge, while it is Treatment for the Chinese
consumers. This may indicate that the US consumers are more
likely to ask about common medical knowledge, whereas the
Chinese consumers are more likely to ask about the possible
treatments for specific diseases. Among the subcategories of
the top three frequent main categories, the Chinese consumers
are more likely to ask about the Treatment Seeking and
Condition (i.e., what are the possible conditions given the
symptoms); whereas the US consumers are more likely to ask
about the common knowledge related to Etiology. Why the
Chinese consumers are more likely to seek diagnosis and
therapies through online communities is not certain, but it is

interesting and worth conducting further investigation.
16
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Potential reasons may be the differences between the
healthcare systems. For example, few Chinese have primary
care providers, whereas many US patients can get useful
information from their family doctors.

Beside the differences among the three common categories,
we also found that the US consumers are more likely to ask
questions about Second Opinion, Similar Experience Finding
and Finance than the Chinese consumers (11.7% vs. 1%). This
indicates that the US consumers are prone to exchange
personal opinions and seek financial support, while the
Chinese consumers not. This might be related to the
differences between health insurance systems. Most of the
Chinese consumers have government sponsored insurance,
whereas the US patients are involved in very complex
insurance systems. Again, further investigation should be
taken to determine why this difference exists. On the other
side, the Chinese consumers care more about the Diet for
Healthy Lifestyle (4.7%), which indicates that more consumers
in China consider the diet to be helpful for cancer treatment.
This also reflects one of the Chinese traditional cultures —
many Chinese consumers believe in food therapy.

Limitations

This study has several limitations. First, we limited the
sources of English questions to Yahoo! Answers and Chinese
questions to Baidu Zhidao. These two sources have different
usability designs and demographic characteristics, which
should be taken into account in our future work. In addition,
questions from other online question answering communities
will also be collected and analyzed in the next step. Second,
we only focused on the general cancer domain and did not
differentiate between different cancer subtypes. Our future
work includes developing automated methods to mine
information needs for different cancer subtypes. We are also
planning to integrate this work into a medical question
answering system to utilize the information needs embedded
in the questions.

Conclusions

In this study, we identified the cancer information needs for
consumers both in the US and China, and compared the
differences. We developed a taxonomy of consumer health
information needs regarding cancer and annotated two cancer-
related datasets with the taxonomy. Based on the quantitative
analysis, we reported some interesting observations. To the
best of our knowledge, this is the first study focused on
consumer information needs for cancer between the US and
China. Our study will benefit the development of automated
cancer-related search engine / question answering systems for
consumers as well as the cross-region collaboration for cancer

therapy.
1Yahoo! Answers (US) ©Baidu Zhidao (China)
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Figure 2 — Comparisons of frequency distributions over the 28 subcategories for the questions from the US and China
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