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Medical Needs Extraction of Breast Cancer

Patients and Social Needs Extraction in
COVID-19 Pandemic*

Masaru Kamba

Abstract

It is essential to identify the medical and social issues affecting patients as soon
as possible. For example, Japan faces a wide range of medical issues, including
a shortage of physicians, overwork of physicians, medical fees, pressure on social
security costs, and assurance of the quality of medical care. In addition, the
achievement of the Sustainable Development Goals is one of the current social
issues. While these are issues that have already been identified, individual medical
issues faced by the general patient population may change from time to time and
era to era, and social issues that arise when unexpected events occur, such as
the COVID-19 pandemic, may not yet have been fully identified. To solve such
issues, they must first be identified.

In this thesis, we collected data from social media and used natural language
processing techniques to collect and extract human needs. Because the voices
and thoughts of the general public are accumulated in social media and question
and answer (QA) sites, people’s potential and trending needs can be mined there.
For example, if the name of a specific cancer type is used as a search query on a
QA site, the text of information needed by patients with that type of cancer can
be obtained, and medical needs can be extracted from that information. If the
question is for information on the side effects of a particular drug, the inability

to access that information may be an issue. Therefore organizing the database

*Doctoral Dissertation, Graduate School of Science and Technology,
Nara Institute of Science and Technology, March 27, 2023.



in such a way that cancer patients can easily access required information would
fulfill their needs.

In the early days of the COVID-19 pandemic, the term “Corona no-sei” (mean-
ing, e.g., “because of the new coronavirus” and “because of COVID-19” in Japanese)
was often posted on social media to indicate that the patient was restricted. Us-
ing this term as a search query and aggregating co-occurring words will highlight
numerous restrictions. That is, it is possible to visualize cancelled plans and ac-
tivities that could not be done. If we can extract needs and problems from such
information, and find and organize social issues, it will be useful information in

this era of the new coronovirus.

Keywords:

Medical Needs, Social Needs, Breast Cancer, COVID-19, Natural Language Pro-
cessing (NLP), Medical Informatics
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1 Introduction

1.1 Background

There are many unsolved medical and social issues across countries worldwide.
In particular, Japan needs to solve a wide range of medical issues, such as in-
adequate numbers and overwork of physicians, medical fees, pressure on social
security costs, and ensuring the quality of medical care [1]. The social issues
include the achievement of the Sustainable Development Goals (SDGs) [2]. In
addition to these already pointed out identified issues, we are tasked with man-
aging novel issues. New medical and social issues may arise with the passage of
time or when unexpected events occur, such as the COVID-19 pandemic. There-
fore, we must first identify the issues. Because the new issues arise from people’s
needs, it is essential to first identify the needs that exist in the real world. Indeed,
the importance of the real world has been recognized in recent years, and its uti-
lization has been promoted, especially in the field of medicine [3,4]. Research
institutions' and companies? are additionally utilizing real world data for the de-
velopment of next-generation medicine. Moreover, the government is considering
the use of real world data to improve the efficiency of clinical trials [5]. In this
thesis, we attempt to extract medical and social needs. Figure 1.1 shows the
flow from needs to issues identification and resolution. Using figure as basis, we
assert that extracting people’s needs is the first step in solving medical and social
issues. For example, if a cancer patient requires information on the side effects of
a particular medication, the issue might be that it is difficult for the patient to
access that information. A database of side-effects information that is accessible

to all and easy to understand would be a necessary response to this issue, and

Yhttps://www.rwd.kuhp.kyoto-u.ac.jp/
’https://prime-r.inc/



would provide cancer patients with access to this information, which would be
useful for them to make treatment choices and fulfill their needs. In the early
days of the COVID-19 pandemic, activities such as remote work and schools, and
online medical care were identified as needs because around the world people were
required to practice social distancing. If we can identify and organize the reso-
lution of social issues emerging from such needs and problems, it will be useful
information during the COVID-19 pandemic.

In consideration of the above, it is beneficial to clarify issues by focusing on their
underlying needs. In the current age of computer networking, large amounts of
real voices and thoughts of the general public are accumulated in social media and
question and answer (QA) sites, and we project that there are potential needs
for this information. Therefore, this thesis attempts to collect data on social
media and extract information regarding various needs using natural language
processing techniques.

This thesis challenged to integrate informatics and sociology by approaching
sociological issues using informatics technology to create new services using social
media data such as Twitter and QA data. Conversely, there are several academic
disciplines that use data to study the science of society, such as computational
social science and social informatics. Computational social science is the study
of acquiring, processing, analyzing, and modeling large-scale social data using
information technology to quantitatively and theoretically understand human
behavior and social phenomena. Social informatics is the study of information and
communication tools in cultural or institutional contexts. Our study differs from
these studies in that our goal is to reach for developing real-world applications or

services by utilizing research results and discoveries in social computing.

1.2 Target Needs

In this thesis, we attempt to extract medical and social needs.
First, for medical needs, we select diseases from the TOBYO database®, which
collects a large number of disease journals. Table 1.1 shows the top 20 diseases

as of December 2022. Diseases for which treatment tend to be prolonged occupy

3https://www.tobyo. jp/



Needs Extraction using Natural Language Processing
(Proposal of this Thesis)

Potential Needs Discovery of Solution of
(Medical and Social Needs) Unknown Issues ﬁ the Identified Issues

Consideration of Measures to Issues

Figure 1.1: Issue Solving Process

the top positions, with breast cancer being the disease that is featured in the
most number of disease journals. Hence, we chose to identify the medical needs
of breast cancer patients.

Next, we consider social needs. Since the index case of the COVID-19 virus
infection was observed in Japan in January 2020, the people’s way of life has
been changed drastically. Therefore, because we think that many issues remain
to be resolved in the COVID-19 pandemic, we attempt to identify the social needs
arising from the COVID-19 pandemic.

1.2.1 Medical Needs of Breast Cancer Patients

In this section, we set a background for extracting the medical needs of breast
cancer patients.

As a related study, the Shizuoka Cancer Center conducted three surveys with
the aim of improving the quality of life of cancer patients [6-8]. Based on the
results of these surveys, a database called Cancer Problem Classification (CPC)
4 was manually created and is maintained at the Shizuoka Cancer Center. The
CPC was created by collecting complaints from cancer patients throughout Japan
and categorizing them. The CPC systematizes the worries and burdens of cancer
patients surveyed through telephone consultations and other means. A total of
7,855 people participated in 2003 and 4,054 in 2013.

‘https://www.scchr. jp/cancerqa/start_shizuoka.html



Table 1.1: Diseases that there are a number of disease journals (top 20 categories).

Diseases Number of Disease Journals
Breast cancer 7193
Depression 3094
Infertility 2198
Cervical cancer 1320
Ovarian cancer 1166
Rheumatoid arthritis 1139
Panic disorder 1024
Type 1 diabetes 1013
Uterine fibroids 963
Schizophrenia, 940
Ulcerative colitis 757
Malignant lymphoma 711
Gastric cancer 709
Systemic lupus erythematosus 698
Pancreatic cancer 677
Lung cancer 673
Uterine cancer 636
Bipolar disorder 633
Colorectal cancer 564
Acute myelogenous leukemia 546




Because the CPC was created manually by specialists, its update and mainte-
nance cost and time required to create a new one were cited as problems. However,
with the rapid increase in internet penetration in recent years, a large number of
illness-related concerns have been accumulated in Japan via blog posts which are
very popular. By contrast, TOBYO has collected many diaries and blogs special-
ized in struggles against diseases (about 63,000 in number), dealing with about
1,500 diseases. Among these, blogs on breast cancer, for which treatment tends
to be prolonged, account for more than 10% (approximately 6,900 entries), and
are particularly numerous. Yahoo Q&A service (YJQA) ® is one of the leading
QA services in Japan, and a search using the keyword breast cancer yields ap-
proximately 60,000 questions. In this way, a vast archive of patients’ complaints
has been created on the Internet.

In this context, many recent studies have utilized accumulated information
[9-13]. Thus, using patients’ narratives on the web can provide a qualitative and
timely understanding of needs from the patient’s perspective and be considered a
type of patient-reported outcome, which may help transform health care in terms

of patient-centered care [14,15].

1.2.2 Social Needs during COVID-19 Pandemic

In this section, we set the background for extracting social needs during the
COVID-19 pandemic.

The COVID-19 disease has become a worldwide epidemic, causing a major im-
pact, especially in social and economic sectors all over the world [16]. In the early
stages of the pandemic, health authorities recommended social distancing to con-
trol the spread of the virus, reduce cases and avoid overwhelming the healthcare
facilities [17-19]. Each country has its own strategy for dealing with COVID-19.
A survey conducted in six countries illustrates the public’s perception regarding
the measures taken in each country as a response to COVID-19 [20]. Different
results were observed as a result of social distancing policies in several aspects of
life, including economic activities [21], and consumer behavior, such as reductions

in mobility [22]. There was an association between the implementation of some

Shttps://chiebukuro.yahoo.co.jp/



mitigation policies in response to COVID-19 and the outcomes regarding public
mobility [23], one of which was also seen in Japan.

Immediately after the Japanese government confirmed the index COVID-19
case on January 16, 2020, the number of infected cases quickly escalated within
three months, which compelled the government to declare a state of emergency
to prevent further spread. This measure had a significant impact on the daily
routines and social life of residents in Japan, as they were forced to refrain from go-
ing out, close schools, work from home, and were restricted from visiting crowded
locations, such as departmental stores and movie theaters. The first state of
emergency effectively reduced the number of COVID-19 cases [24], however, at a
high cost of public mental well-being, education quality, and economy. The case
number quickly rebounded after the state of emergency was lifted, suggesting
that the government was confronted by the dilemma of mitigating the social and
economic impact of lockdown and stopping the spread of COVID-19 [25]. Owing
to the fluctuations in COVID-19 cases, the government declared other states of
emergency, knowing that the impact of a COVID-19 lockdown could be profound
at societal and economic levels.

There have been various investigations into the states of emergency. One of
them was a report on the prediction of COVID-19 infection using state-space
models [26]. There was also a study showing the effect of a state of emergency
on mental health [27]. In the aspect of mobility, studies showed that state of
emergency suppressed social activities between the masses [28]. Furthermore, it
also changes people’s behavior, such as complying with the request to stay at
home, which was also supported by cell phone location data [29-31].

A disruption caused by restrictions imposed during a pandemic can be inter-
preted as a failure to do what was planned. However, detecting this disruption
was quite challenging. For example, it was difficult to obtain behavioral data on
trips that individuals could not take or events they could not attend due to the
restriction. As a result, social media, which people use to share their activities
and thoughts, can be a great source of information. Twitter has proven helpful in
summarizing peoples’ responses about the pandemic and its measures, showing
challenges experienced throughout the pandemic [32]. Previously, Twitter had
been used to determine public opinion about COVID-19 in Korea and Japan,



showing trending words during the pandemic [33].
As people are actively sharing their day-to-day on Twitter, Twitter has the

potential as a data source to investigate the impacts of restrictions on the public.

1.3 Objective

As stated in Section 1.2, in this thesis, we aim to identify the medical needs of
breast cancer patients and social needs during the COVID-19 pandemic.

In the extraction of medical needs of breast cancer patients, we collected data of
questions from breast cancer patients posted on the Yahoo Q&A service (YJQA)
because patients’ claims on the web can provide a qualitative and timely un-
derstanding of needs from the patient’s perspective, again as stated in Section
1.2.1.

However, there are some limitations to using the accumulated information,
the biggest problem being the difficulty in examining large amounts of data.
Therefore, this thesis proposes a method for automatically classifying the needs
of breast cancer patients using natural language processing technology. This
study aimed to extract the needs of patients with breast cancer from the YJQA
data and categorize them into cancer problem classification (CPC) categories.
Here the CPC categories are hierarchically structured from the first-level to the
fourth-level. Table 1.2 shows examples of the CPC’s first-level categories through
fourth-level categories for the part of category number 1. In the CPC’s first-level
through third-level categories, the problem granularity is coarse, and it is difficult
to understand the specific issues. Therefore, this study attempted a fourth-level
categorization to more concretely grasp patients’ problems.

In the extraction of social needs during the COVID-19 pandemic, we utilize
data from Twitter because it can be a great source of information to summarize
people’s activities and thoughts as mentioned in Section 1.2.2. When the Japanese
government announced a state of emergency, the phrase “Corona no-sei” was fre-
quently tweeted on Twitter, followed by a sentence describing restricted actions.
The words co-occurring with the phrase “Corona no-sei” are considered to repre-
sent disrupted events and actions. Therefore, we identify restrictions and extract

social needs by tabulating co-occurring words from Twitter posts containing the



word “Corona no-sei”. Thus, the purpose of this study is to explore and visualize

the cancellation of events due to COVID-19 measures in Japan.

1.4 Outline

The remainder of this thesis is structured as follows. Chapter 2 describes the
method used to identify the medical needs of breast cancer patients and presents
the results. Using two corpora (the cancer problem classification (CPC) corpus
and the Yahoo Q&A service (YJQA) corpus), we present an algorithm to classify
text from the YJQA service into the CPC categories. The identified categories
are used to show how to identify patients’ needs. Chapter 3 describes the method
and results of social needs extraction, focusing on COVID-19. We identify the
social needs by extracting words that co-occur with “Corona no-sei” on Twitter.
This allows for the identification of disrupted plans. In addition, we evaluate
the relationship between the number of Twitter posts and the number of positive
cases of COVID-19, utilizing the daily COVID-19 case numbers from the special
site for COVID-19 by Nippon Hoso Kyokai (Japan Broadcasting Corporation,
abbreviated as NHK)S. Chapter 4 presents proposals for the identified medical
and social needs. Finally, Chapter 5 summarizes the thesis and discusses issues

for further research.

Shttps://www3.nhk.or.jp/news/special/coronavirus/data/
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2 Medical Needs of Breast

Cancer Patients

2.1 Background and Related Work

In this chapter, we aimed to extract the medical needs of patients with breast
cancer from the Yahoo Q&A service (YJQA) data and classify them into the
cancer problem classification (CPC) categories. We adopted the fourth-level CPC
categories described in the above table for the classification of patients’ medical
needs. In the CPC’s first-level categories, the problem granularity is coarse, and
it is difficult to understand the specificity of the issues. For example, while the
CPC'’s first-level category is outpatient, the corresponding fourth-level categories
include “1.1.1.1. Difficulty in obtaining information to select a hospital or doctor,”
and “1.1.1.2. Difficulty in hospital selection.” Therefore, we attempted to classify
the fourth-level categories to more concretely grasp patients’ problems.

As mentioned Section 1.2.1, the Shizuoka Cancer Center conducted three sur-
veys and created the CPC database with the aim of improving the quality of life
of cancer patients [6-8].

Rosenblum and Yom-Tov [9] investigated how people search for information re-
lated to attention-deficit/hyperactivity disorder using the Microsoft Bing search
engine! and Yahoo! Answers?, a web QA site, Park et al. [10] investigated the
use of medical concepts regarding diabetes from the textual data of blogs and
QA sites, whereas Yom-Tov and Gabrilovich [11] investigated the side effects of
medications from web search queries. Tsuya et al. [12] demonstrated that cancer

patients share information about their diseases, including diagnosis, symptoms,

"https://www.bing.com/
2Yahoo Answers has shut down as of May 4, 2021.
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and treatments via Twitter?, and Hong [13] explored whether patients could ac-
curately and adequately express their information needs on Chinese health QA
websites.

For breast cancer patients, Hongru et al. [34] explored information needs from
database sites, including Web of Science? and PubMed®. Cristina and Anne [35]
investigated information and emotional needs for long-term survivors of breast
cancer. Dean et al. [36] investigated unmet needs in breast cancer survivors.
However, these studies are based on data from clinical studies and generally do
not reflect the thoughts of patients. As mentioned in Section 1.2.1, we think that
patient needs can be extracted from social media data, more so in the modern
era.

Hence, we investigate the medical needs for breast cancer patients utilizing

social media data.

2.2 Materials and Methods

2.2.1 Materials

We built a dataset of 7,993 questions submitted to the YJQA service between
January 1, 2018, and July 31, 2020. The CPC has been systematized to extract
the problems and burdens of cancer patients, consisting of 16 first-level categories
and 631 fourth-level categories. We utilized two corpora for training, the CPC
and YJQA corpora.

The CPC corpus is a large collection of pairs of cancer survivors’ worries and
their labels. The label consists of the CPC category code and the CPC category
name (hereafter, both are collectively referred to as CPC categories), obtained
from the CPC database. Unless otherwise noted, the CPC categories represent
fourth-level categories. An example from the CPC corpus is presented in Table
2.1.

The YJQA corpus is a labeled corpus of 1000 randomly selected questions
on breast cancer posted to the YJQA service from January 1, 2018, to June 9,

Shttps://twitter.com/
‘https://clarivate.com/solutions/web-of-science/
Shttps://pubmed.ncbi.nlm.nih.gov/
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Table 2.1: Cancer survivors’ worries, CPC category code and name.

Cancer survivors’ worries CPC code | CPC name

I was worried because we had 1.1.1.1 | Difficulty in obtaining in-
to make decisions based on my formation for selecting
limited knowledge and emotions, hospitals and doctors.

without any information or indi-
cators to judge whether the hospi-
tal’s policies and techniques were

accurate, especially whether my

doctor was trustworthy.

2020. Because multiple different worries are possible, each question is manually
assigned to up to 3 different CPC categories. An example from the YJQA corpus
is presented in Table 2.2.

We assigned CPC categories to 456 of the 1000 cases, while the remaining 546
cases had no corresponding CPC categories. Thus, the total number of cumula-
tively classified questions was 661, which were assigned to 133 CPC categories.
Table 2.3 summarizes the most frequent categories, up to the 20th (top 20),
regarding the number of questions classified. For example, the most frequent
category was “worrying about cancer with subjective symptoms,” with 24.2% of
the labeled data falling into this category. Moreover, the category “difficulty in
expressing questions and concerns to doctors” was included in the top 10 cat-
egories, suggesting that people submitted questions to the YJQA because they
had difficulty expressing their concerns to their doctors.

Of the 7993 questions submitted to the YJQA service, 6993 were used as the
YJQA corpus data classified using CPC categories, excluding the 1000 labeled

questions (training data).

13



Table 2.2: Questions in YJQA, CPC category code and name.

Questions in YJQA

CPC code

CPC name

Choosing a hospital for breast
cancer treatment. I'm wondering
if I'm making a mistake in choos-
ing the first hospital. Is there any
problem in choosing the univer-
sity hospital that is closest to my
house?

I had a breast cancer screening
and had to be retested for a sus-
pected breast mass. My mother
had breast cancer. I will have
a mammogram next month. Is
the chance of getting breast can-
cer high? T am very scared and

worried.

1.1.1.1.

3.2.2.1./16.3.2.1.

Difficulty in obtaining in-
formation for selecting

hospitals and doctors.

about
the test

results/Concerns regard-

I'm worried

finding out

ing suspicion of cancer

(other)

2.2.2 Classification Algorithm

The classification algorithm consists of the following steps:

1. Preprocessing: Convert the two corpora (CPC corpus and YJQA corpus)

into term frequency (TF)-inverse document frequency (IDF)-weighted word

vectors (corpus word vector) as document-term representation.

2. STEP1: Given an unknown problem, convert the problem into TF-IDF-

weighted word vectors (problem word vector).

3. STEP2: Classify the target problem into the most relevant CPC category

based on cosine similarity between the problem word vector from STEP1

and corpus word vectors from the two corpora.

14



Table 2.3: Results of manual classification of YJQA questions (top 20 categories).

CPC code | CPC name n (%)
16.3.1.1. | Worrying about cancer with subjective | 160 (24.2)
Symptoms
16.2.1.1. | Matters related to cancer screening 85 (24.2
12.2.4.1. | Anxiety due to lack of knowledge about can- | 42 (12.9
cer
16.3.2.1. | Concerns regarding suspicion of cancer 39 (6.4)
(other)
9.1.2.2. | Difficulty in asking questions or expressing 17 (2.6)
concerns to the doctor
3.2.2.2. | Worrying about the results and their trends 17 (2.6)
12.1.1.1. | Anxiety about the possibility of recurrence 14
or metastasis
3.2.1.6. | Concerns about undergoing tests (other) 11 (1.7)
3.1.1.1. | Uncertainty about treatment options 10 (1.5)
3.2.2.3. | Issues related to receiving tests (other) 9 (1.4)
14.1.2.14. | Thing about medical expenses (others) 8 (1.2)
3.1.3.5. | The received treatment (choice), whether it 8 (1.2)
is correct
12.3.2.2. | Linking illness to cancer 7 (1.
3.1.5.1. | Use of folk remedies and health foods 6 (0.9
5.2.1.3. | I'm not convinced by the doctor’s explana- 6 (0.9)
tion
3.1.2.1. | Before treatment: Concerns about future 5 (0.8)
treatment
12.3.2.1. | Anxiety increases while waiting for test re- 5 (0.8)
sults
3.1.3.11. | I am worried about the effect of anticancer 5 (0.8)
drugs
12.3.2.3. | I can’t stop thinking about cancer 5 (0.8
1.1.1.4. | Hospital selection for future cancer screening 5 (0.8
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Using a morphological dictionary mecab-ipadic NEologd®, we extract nouns,
verbs, and adjectives while excluding symbols and numbers. For the TF-IDF
calculation, we utilized the TfidfVectorizer using the default parameters in the
sklearn.feature extraction.text module’.

Thereafter, we constructed three classification methods using the CPC corpus,
the YJQA corpus, and their combined corpus, referred to as the description-
based (D-based) method, example-based (E-based) method, and description and

example combination-based (D+E-based) methods, respectively.

2.3 Evaluation

2.3.1 Evaluation Methods

We explain how to objectively evaluate the three methods. The accuracy of each
method was evaluated by calculating the proportion of correct classifications.
The proportion of correct classifications for the D-based method is calculated as
follows. First, we find the categories with the highest cosine similarity between
the word vectors of the CPC corpus and the manually labeled YJQA corpus (top
1-10). Next, we calculate the proportion of correct categories. A category is
counted as correct if at least 1 of the 3 (maximum) categories is included. Based
on the highest cosine similarity, the calculated percentage is referred to as the
top 1 accuracy (Acc@l1). Similarly, using the top 10 cosine similarities, the top
10 accuracies (Acc@10) are calculated. The proportion of correct classifications
is calculated using 5-fold cross-validation [37] to evaluate the E-based method.
Using the cosine similarity between the training and validation data sets, the
proportion of correct classifications is the mean and median of the rate, as in the
above calculation. For the evaluation of the D+E-based method, the proportion
of correct classifications is calculated by employing the same evaluation method
as for the E-based method using both the CPC and YJQA corpora. Note that
because the data used for the evaluation is from the YJQA corpus, it is not pos-

sible to evaluate all 631 fourth-level CPC categories. That is, these methods are

Shttps://github.com/neologd/mecab-ipadic-neologd
"https://scikit-learn.org/stable/modules/generated/sklearn.feature_extraction.

text.TfidfVectorizer.html
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evaluated for 133 fourth-level CPC categories from the YJQA corpus. However
the remaining categories were not categorized in the extracted data and therefore
were not considered more common patient voices currently.

Here, we do not apply the statistical test to compare these methods because
the p-value obtained by statistical tests is commonly misused and misinterpreted,
and the American Statistical Association® announced formal statement clarifying
several widely agreed upon principles underlying the proper use and interpretation
of the p-value [38]. In accordance with this statement, it is not appropriate to
apply statistical tests in this situation.

Even if the estimates are the same, different precisions of the estimates will
result in different p-values. Because the precision of the estimates is affected by
sample size, the sample size must be determined in advance and the p-values
should be interpreted appropriately. These should be determined before data
are obtained; otherwise they can be intentionally manipulated to reach statistical
significance, if they are made after the data are available. For example, increasing

the number of cross-validations might make them statistically significant.

2.3.2 Classification Accuracy

Table 2.4 shows the proportions of correct classifications calculated using the
above evaluation methods. Here, SD means unbiased sample standard deviation.
For the D-based method, there are missing values because 5-fold cross-validation
is not utilized as described in the evaluation method section. The Acc@1 and
Acc@10 of the D-based method were approximately 10% and 30%, respectively.
Furthermore, for both the E-based and D+E-based methods, they were approxi-
mately 50% and 70%, respectively. The E-based method is an optimized classi-
fication method used to classify YJQA questions. However, it does not cover all
CPC categories, whereas the D+E-based method does so, and the rate of correct
answers is not significantly different from that of the E-based method. Therefore,
in this study, we interpret the results of the D+E-based method.

Shttps://www.amstat.org/
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Table 2.4: Accuracy for each method. The three methods: the description-based
(D-based) method, example-based (E-based) method, and description
and example combination-based (D+E-based) methods.

Accuracy Statistics | D-based E-based D+E-based
Acc@1 Mean 0.1096  0.4891 0.4781
SD - 0.017 0.018
Median - 04835 0.4725
Acc@l0  Mean 0.2946  0.6960 0.7062
SD - 0.030 0.201
Median - 0.7015 0.7106

2.3.3 Classification Results

We present the classification results of the D+E-based method for the target
data to be classified. Table 2.5 lists the top 20 frequent categories, with the
top 10 categories accounting for 61.9% of the total. The category with the most
frequent questions was “worrying about cancer with subjective symptoms” (1661
questions), which accounted for 23.8% of the total. There were 448 categories
classified by the D+E-based method, and the distribution of the top 30 categories
is shown in Figure 2.1. The rate of change from the top 1 to the top 2 categories
was the largest at 57.7%. Moreover, the rate of change from the top 20 categories
was 20% to 40%, after which it was approximately 10%. As a result, the frequency
distribution has a long tail.
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Table 2.5: Results obtained using the D+E-based method (top 20 categories).

CPC code | CPC name Frequency (%)
16.3.1.1. | Worrying about cancer with subjective 1661 (23.8)
Symptoms
16.2.1.1. | Matters related to cancer screening 702 (10.0)
16.3.2.1. | Concerns regarding suspicion of cancer 494 (7.1)
(other)
12.2.4.1. | Anxiety due to lack of knowledge about can- 419 (6.0)
cer
3.1.3.5. | The received treatment (choice), whether it 255 (3.6)
is correct
3.2.2.2. | Worrying about the results and its trend 234 (3.3)
12.1.1.1. | Anxiety about the possibility of recurrence 225 (3.2)
or metastasis
9.1.2.2. | Difficulty in asking questions or expressing 137 (2.0)
concerns to the doctor
12.3.2.3. | I can’t stop thinking about cancer 111 (1.6)
9.1.1.1. | Doctors words and attitude 93 (1.3)
12.3.2.2. | Linking illness to cancer 82 (1.2)
12.5.2.4. | Depression (other) 75 (1.1)
3.1.1.1. | Uncertainty about treatment options 70 (1.0)
13.3.2.1. | Fluctuations, loss and change in femininity 68 (1.0)
3.1.1.6. | Concerns about hesitation when deciding on 57 (0.8)

a treatment method and difficulty in select-

ing a treatment (other)

12.3.2.1. | Anxiety increases while waiting for test re- 46 (0.7)
sults
14.1.4.2. | Future anxiety due to inability to take out or 46 (0.7)
renew private insurance
3.1.5.1. | Use of folk remedies and health foods 46 (0.7)
3.2.1.6. | Concerns about undergoing tests (other) 46 (0.7)
3.1.3.11. | I am worried about the effect of anticancer 45 (0.6)
drugs
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2.3.4 Similarity of Distribution between Manual
Classification and the Proposed Method

We evaluated whether the frequency distribution of the proposed method was
close to that of the manual method. Comparing the classification results with
the manual classification results (Table 2.3), we found that 7 out of 10 categories
with high frequency were the same, and the first and the second category in
both cases were “worrying about cancer with subjective symptoms” and “cancer
screening.”

The frequency distribution of the CPC, including the low-frequency part, was
compared between the proposed and manual methods. The top 30 categories’ fre-
quency distributions in the D4E-based method were used for visual and numerical
evaluation of all categories. Figure 2.2 shows the distribution of the classification
results using the D+E-based method and manual classification. The distributions
were similar. In addition, we calculated the Jensen-Shannon divergence [39] for
all categories to measure the distance between the distributions. Values closer to
zero indicated higher degrees of similarity in distribution.

The value of the Jensen-Shannon divergence for the distribution of the manual
classification and D+E-based classification result is 0.105, which shows that the
two distributions are similar. Although the individual accuracy was low, the CPC
distribution obtained by the proposed method was closer to the correct one.

Therefore, it is possible that the proposed method can be used to conduct a

large-scale survey of patient concerns automatically.
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2.3.5 Consistency of the Actual Questions and Results

Here we discuss the consistency of the actual questions and results with high and
low cosine similarity, respectively. The questions are translated into English from
Japanese.

For the question
Please tell me the constitution that is susceptible to breast cancer!

which had the highest cosine similarity, the top three classification categories with
cosine similarity are shown in Table 2.6. It is unclear whether a cancer patient
asked the first question, but it appears to express concern about the possibility

of developing cancer.

Table 2.6: The CPC code and name of question with the highest cosine similarity.

Cosine CPC code | CPC name

similarity

0.714 15.1.1.5. I was told that I am cancer constitution

0.206 12.2.5.1. Suspecting or worrying about another type
of cancer

0.204 11.3.1.1. Current health condition

For the question

[ had one of my breasts removed due to breast cancer. I did not have
simultaneous reconstruction. My breasts are small, to begin with, so
when I was asked about simultaneous reconstruction, I didn’t think
much about it and told my doctor that I would think about it after the
surgery. In my 40s, I was admitted to the hospital, but most people
my age had simultaneous reconstruction and expanders. I wondered
if I had made the wrong choice. Since if I have to do it later, T'll
have to have one more surgery, I think it’s okay as is. I heard that it
takes quite a few days to reconstruct. It needs one year at the earli-
est. Moreover, I heard that nipple and areola surgeries are different.

That’s a long time. But I still think I want to have reconstruction.
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If you have reconstructed, if you haven’t reconstructed, if you have
reconstructed in another way, if it’s not covered by insurance, etc.,
please give me some advice! I'd like to hear about your experiences.
It will be two months until my next visit to the hospital. I want to ask
my doctor many questions, so if you could tell me anything, I would
be very happy. Please give me some advice. Moreover, it seems that
the implants and expanders for reconstruction have been discontin-
ued because they are carcinogenic. I don’t think I will be able to have

reconstruction for a while, but please advise me.

with the second highest cosine similarity, the top three classification categories
with cosine similarity are shown in Table 2.7. The second question was about

breast reconstruction.

Table 2.7: The CPC code and name of question with the second highest cosine

similarity.
Cosine CPC code | CPC name
similarity
0.682 13.3.1.6. Matters related to breast reconstruction
0.264 3.1.1.1. Uncertainty about treatment options
0.255 3.1.3.5. The received treatment (choice), whether it
is correct

For the question

[ am undergoing treatment for breast cancer, and my white blood
cell count has dropped due to side effects, so my immune system is not
high. I don’t want to go to the birthday party at my parents-in-law’s
because I'm worried that I might get infected with the coronavirus.
My mother-in-law and father-in-law know that I am undergoing treat-
ment and my immunity is low, but they don’t want to cancel the party
because it’s their adorable grandchild’s birthday. It’s hard for me to
tell them. I don’t want my husband to go either, but he doesn’t seem
to mind at all. Is there any way to avoid attending the party?
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with the second highest cosine similarity, the top three classification categories
with cosine similarity are shown in Table 2.8. The third was a concern about
coronavirus (COVID-19).

Table 2.8: The CPC code and name of question with the third highest cosine

similarity.

Cosine CPC code | CPC name

similarity

0.657 11.1.2.3. Persistent side effects of anticancer drugs
(other)

0.515 11.1.1.8. Symptoms of side effects from anticancer
drugs (other)

0.417 15.2.16.1. | Relationship with family (other)

We also discuss questions that could not be correctly classified. The reason for
the inability to classify the questions with the highest cosine similarity correctly
can be the use of the cosine similarity between the word vectors in the bag of
words, and the context could not be taken into account. More specifically, since
the question included the word “constitution,” it was considered to be classified
in the category that included the word “constitution.” Similarly, the top 2 wor-
ries about breast reconstruction could be classified in the CPC category, which
includes the phrase “breast reconstruction.” The top 3 problems are related to
COVID-19, which is not included in the current CPC category, and therefore
must be newly defined.

For the question

Please provide a Japanese translation.
Survival rates are improving in the U.S. and the UK because of na-
tional mammography screening programs and vigorous campaigns to

educate the public about breast cancer

with the lowest cosine similarity, the top three classification categories with cosine

similarity are shown in Table 2.9.
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Table 2.9: The CPC code and name of question with the lowest cosine similarity.

Cosine CPC code | CPC name

similarity

0.018 3.1.3.11. Worried about the effect of anticancer drugs

0.017 12.3.2.4. Anxiety about superimposing oneself on a
(familiar) person with the same disease.

0.016 12.3.2.3. Can’t stop thinking about cancer

For the question

Please provide a Japanese translation.

Most people were all surprised to learn that Angelina Jolie one of
the world’s most celebrated actresses, had opted to undergo a preven-
tive double mastectomy after being diagnosed with an 87% chance
of breast cancer because she was carrying a high-risk gene, BRCA1
There are some risk factors that can increase a person’s chances of
getting breast cancer: aging, excessive alcohol consumption, or obe-
sity. Among the risk factors, heredity is responsible for 5% of breast
cancer cases. Thanks to advances in genetics, I now know for sure
that the BRCA1 and BRCA2 genes can cause breast cancer.

with the second lowest cosine similarity, the top three classification categories

with cosine similarity are shown in Table 2.10.

Table 2.10: The CPC code and name of question with the second lowest cosine

similarity.

Cosine CPC code | CPC name

similarity

0.020 3.1.2.1. Before treatment: Concerns about future
treatment

0.018 11.1.24.4. | Irregular/changing menstruation due to hor-
mone therapy etc.

0.015 12.2.1.7. Concerns about other diseases
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For the question

Can Al prevent missed breast cancer?

with the third lowest cosine similarity, the top three classification categories with

cosine similarity are shown in Table 2.11.

Table 2.11: The CPC code and name of question with the third lowest cosine

similarity.

Cosine CPC code | CPC name

similarity

0.023 12.2.4.1. Anxiety due to lack of knowledge about can-
cer

0.022 12.5.2.2. Depression due to anxiety about illness or
death

0.021 14.1.2.14. | Medical expenses (other)

As for the results with the lowest to third-lowest cosine similarity, the question

was a request for Japanese translation from English and was not in itself a ques-

tion about breast cancer. This is because questions including the phrase “breast

cancer” were also extracted when searching for “breast cancer.” Hence, the data

acquisition method should be improved in the future.
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3 Social Needs Focusing on
COVID-19

3.1 Background and Related Work

In this chapter, we aimed to extract from Twitter data social needs related to
COVID-19. We utilize data from Twitter because it can be a great source of
information to summarize people’s activities and thoughts. When the Japanese
government announced a state of emergency, the phrase “Corona no-sei” was fre-
quently tweeted on Twitter, followed by a sentence describing restricted actions.
The words co-occurring with the phrase “Corona no-sei” are considered to repre-
sent disrupted events and actions. Therefore, we identify restrictions and extract
social needs by tabulating co-occurring words from Twitter posts containing the
word “Corona no-sei”. Thus, we are able to explore and visualize the cancellation
of events due to COVID-19 measures in Japan.

There are many studies on COVID-19 using social media data, such as Twitter.
For example, Joanne, Eileen and Garving [40] investigated the topics and senti-
ments in the public COVID-19 vaccine-related discussion and Krittanawong et
al. [41] investigated misinformation dissemination of COVID-19 on Twitter. Fer-
awati et al. [42] investigated how Twitter was used to report vaccine-related side
effects and to compare the mentions of these side effects from 2 messenger RNA
(mRNA) vaccine types developed by Pfizer and Moderna, in Japan and Indone-
sia. Gao et al. [43] investigated COVID-19 concerns in each Japanese prefecture.
Uehara et al. [44] investigated attitudes toward vaccines or vaccination during the
COVID-19 pandemic across different Japanese prefectures, using Yahoo! JAPAN
search queries.

For research on citizen feedback, Ishida et al. [45] proposed a method using
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social media data. They implemented a multitask learning framework to estimate
associated viewpoints using a BERT model. However this method requires a lot
of work to label the data.

The results of analyses need to be output in a timely manner for issues that
have a strong social impact. When making decisions based on the results of data
analysis, slower output of results slows down the decision-making. By responding
promptly, it is expected that losses to society can be minimized. We propose that
the setting up of appropriate search queries can enable the identification of social
needs without using resource-intensive methods.

Therefore, we investigate the emergent social needs from COVID-19 using a

simple approach on Twitter.

3.2 Materials and Methods

We utilized two types of data, one of which are Japanese tweets posted on Twitter
between February 1st, 2020 and November 30th, 2021 and which are utilized to
summarize the words that co-occurred with the phrase “Corona no-sei”. The other
data type are the daily COVID-19 case numbers from a special site for COVID-
19 by Nippon Hoso Kyokai (Japan Broadcasting Corporation, abbreviated as
NHK)!. Using this data, the association between the number of posted tweets
and the number of COVID-19 cases is evaluated.

3.2.1 Materials
COVID-19 cases

For the daily increase in COVID-19 cases, we obtained the number of new
COVID-19 positive cases by manual downloads from the special site for COVID-
19 by NHK, to explore the relationship between the number of positive cases and
the number of tweets. A total number of 1,726,943 COVID-19 positive cases were

extracted during our target period.

'https://www3.nhk.or.jp/news/special/coronavirus/data/
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Tweets

Another material for this study are the 300,778 samples of tweets that con-
tained the Japanese phrase “Corona no-sei (meaning due to COVID-19, because
of COVID, or considering COVID).”

The “Corona no-sei” phrase is frequently used by the general public in so-
cial media and everyday conversation to express (often negative) feelings when
a Japanese citizens’ activities or life plans gets interrupted by COVID-19 out-
break. The tweet data was provided by NTT DATA Corporation. In addition,
we extracted co-occurring nouns and verbs from the obtained “Corona no-sei”
tweets by applying dependency analysis implemented in the system developed by
Yoshinaga et al. [46-48].

3.2.2 Needs Extraction Methods

9

The contexts following “Corona no-sei,” which indicate a high level of negative
concerns about COVID-19, frequently contain verbs in the negative form and
nouns associated with them. Figure 3.1 shows an example of an actual tweet
posted on Twitter. By aggregating these nouns and verbs, we extracted infor-
mation on the restrictions imposed and the activities or plans cancelled due to
the COVID-19 epidemic. These information allowed us to capture the potential
social and psychological impact arising from disrupted life plans.

Although there are several expressions synonymous with “Corona no-sei” (e.g.,
“because of the new coronavirus” and “because of COVID-19"), we choose “Corona
no-sei” as a casual expression used by the general public in social media and collo-
quial speech. The frequency of nouns and verbs in the tweets containing “Corona

no-sei” is counted to identify the restrictions placed on people’s lives.

3.3 Results

Figure 3.2 shows the time trend of “Corona no-sei” tweets (blue line) compared
to the trend of positive cases (red line). There were three state of emergency an-
nouncements within our targeted period between February 1st, 2020 and Novem-
ber 30th, 2021, which are highlighted in gray color in the figure. The number of

30



noun p.p noun p.p noun p.p verb
07| || [ BW | [T |IA| | |’
Corona no-sei de shunyuga heru

(Due to COVID-19,

p.p stands for

Figure 3.1: An example of an

-
&
55
c oo

5
- ﬂé 1st State of Emergency
T @ 7 April - 25 May
& %5 45
o

© 35
B Y 15

w0
* &

40000
?:L

9 35000
.:E

€ 30000
= 250
o 25000
@ 20000
w 15000
@

Q

=

£ 10000

| lose my income)

postpositional particle

actual tweet posted on Twitter.

2nd State of Emergency 3rd State of Emergency
8 January - 21 March 25 April - 30 September
|

30000

25000

20000

15000

# of positive cases

10000

5000
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itive COVID-19 cases.
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areas under states of emergency is indicated by the bar graph in the upper part of
the figure because the target areas were changed during each state of emergency
imposition. The periods in which the states of emergency were imposed roughly
corresponded to the rise of COVID-19 case numbers. Interestingly, the announce-
ments of states of emergency were very effective in suppressing case numbers. In
the case of the spike caused by the Tokyo Olympics (which took place between
July 23, 2021 and August 8, 2021), the case numbers quickly dropped to below
5000 per day within three months.

As indicated by the blue line, the “Corona no-sei” tweets peaked in March,
2020, roughly before the first state of emergency was announced and reached
the second highest number at the time the first state of emergency was imposed.
After the first announcement of a state of emergency, the number of “Corona
no-sei” tweets showed a downward trend until the end of our data collection
period. There were occasions of small increases of the “Corona no-sei” tweets
before the second and third states of emergency announcements; however, in
general, the number of reported plan disruptions never reached the level before
the first state of emergency announcement. In comparison with COVID-19 case
numbers, the number of “Corona no-sei” tweets showed a relative correlation with
states of emergency announcements. Indeed, the scatter plot for case numbers
and the numbers of “Corona no-sei” tweets is shown in Figure 3.3 with Pearson
correlation coefficients of 0.86, 0.93 and 0.61 respectively for the first, second,
and third states of emergency.

When compared against the number of “Corona no-sei” tweets during the entire
period, the correlation between COVID-19 daily cases and “Corona no-sei” tweets
was not very evident. We were able to observe a slight increase of “Corona
no-sei” before the case numbers started rising, but the extent of case number
increment was disproportional to that of the “Corona no-sei” tweets. Although
the case numbers peaked in September, 2021 during the third state of emergency,
there was only a slight increase in the number of “Corona no-sei” tweets, in
comparison with the high amount of complains at the very beginning of the
COVID-19 epidemic. This indicate the fact that Japanese residents might have
adapted to the restrictions or disruptions caused by COVID-19 lockdown.

We, furthermore, examined the nouns and verbs in our sampled tweets. Table
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3.1 and 3.2 shows the number of tweets of the top 20 nouns and verbs tweeted on
February 28, 2020, when the tweet numbers reached their highest levels. Table
3.3 shows the top 20 words (nouns and verbs) that co-occurred with “Corona
no-sei” tweets in descending order to highlight the most disrupted activities or
plans during the period of our data aggregation. In considering nouns, “Corona”
was excluded because it was included in the query and was evidently the most
frequently detected word. For nouns, the top five most frequently mentioned
words were “work,” “abort,” “home,” “live,” and “friends” after excluding the
words that indicate the grammatical tense. These keywords indicated that over
a longer period of time, Japanese citizens started developing concerns over their
disrupted work and social life. For verbs, “go” was the most frequent; but in
the actual tweets, it was sometimes used in the negative, and in the context,
the verb was unlikely to be used in the affirmative. Therefore, the verb was
likely used to indicate they “cannot go” even if it is in the affirmative in this

W

paper (see Table 4.3). Hence, the top five means “go,” “can go <negation>,”
“look,” “meet <negation>,” and “get out.” The results show that there are
restrictions on the actions of going, seeing, and meeting expressed in the verbs.
In comparison with a single day result of February 28th 2020, the concern about
work seemed to appear in The top five in both tables, indicating that Japanese
citizens clearly emphasized their work routines. Moreover, the desire for live
concerts also increased in the long run and placed “live concert” as the fourth
most frequently mentioned keyword in Table 3.1. Coincidentally, concerns related
to friends and the missing opportunities to meet up were also observed in both
tables, showing the disruption of social relationships and recreational occasions.
Both indicated that people regarded COVID-19 to be the main cause of their
disrupted plans to hang out with friends or attend large public events. Besides
activities, the keyword finding also reflected a concern about shortage of resources,
such as toilet paper, masks and even money, which were considered to be critical
in supporting daily lives or normal healthcare practices. We will discuss the

implications of some key findings in the next chapter.
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Table 3.1: The number of co-occurent noun on 28 February 2020.

Noun Number of tweets
graduation ceremony 2154
cancel 1813
school 1498
work 1210
event 775
live concert 694
toilet paper 667
part-time job 639
school holiday 636
friends 616
Disney 605
Postponement 562
Home 553
Mask 531
New Corona 330
Test 328
Tissue 321
Hoax 318
Company 304
Next month 250
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Table 3.2: The number of co-occurent verb on 28 February 2020.

Verb Number of tweets
disappear 3265
go 1835
rest 1169
can go <negation> 1044
end 862
go out 754
look 734
work hard 711
buy 602
cry 276
vanish 556
can meet <negation> 524
play 505
spring rest 201
dies 499
be told 491
come 441
think 436
return 378
crush 319
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Table 3.3: Words co-occurring with “Corona no-sei” in descending order.

Order | Noun Verb

1 | work go
2 | abort can go <negation>
3 | home look
4 | live concert meet, <negation>
5 | friends get out
6 | event lose
7 | postponed make effort
8 | stress increase
9 | school buy

10 | part-time job lose

11 | company end

12 | new Corona come

13 | mask think

14 | graduation ceremony | meet

15 | hospital rest

16 | one person can go

17 | opportunity decrease

18 | university be told

19 | family meet

20 | money play
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4 Proposals for the Identification

of Needs and Issues

4.1 Proposals for the Extraction of the Medical

Needs of Breast Cancer

In Chapter 2, we noted that this research could be effective for statistical surveys.
In addition, there are other possible applications. In particular, we will examine
the extraction of adverse drug events (signal detection) and the extraction of
unmet needs. Here we blinded the proper noun because it is not relevant to

extract the medical needs in this section.

4.1.1 Potential Application for Side Effect Signaling

This section shows the questions classified into category number 11 (extracted
with high cosine similarity) to extract side-effect signaling. Extracting side ef-
fects from submitted questions could be very beneficial for pharmaceutical com-
panies and patients because it allows them to collect significant information on
drug safety. Specifically, because some questions classified under the overarching
category of “symptoms, side effects, and sequelae” (category 11) of the CPC are
considered to contain information on side effects, we can extract such information
by applying intrinsic expression extraction to each question’s text.

The first question

I am undergoing treatment for breast cancer, and my white blood
cell count has dropped due to side effects, so my immune system is not
high. I don’t want to go to the birthday party at my parents-in-law’s

because I'm worried that I might get infected with the coronavirus.
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My mother-in-law and father-in-law know that I am undergoing treat-
ment and my immunity is low, but they don’t want to cancel the party
because it’s their adorable grandchild’s birthday. It’s hard for me to
tell them. I don’t want my husband to go either, but he doesn’t seem

to mind at all. Is there any way to avoid attending the party?

contained information about a reduction in white blood cells count.

The second question

Can I improve the numbness caused by the side effects of anticancer
drug treatment? My sister is undergoing anticancer treatment for
breast cancer, and she is suffering from numbness in her hands and
feet. Is there anything she can do to relieve the numbness? Does she

have to stop the anticancer treatment?

contained information about numbness in the hands and feet. However, we could
not identify the drug that caused the side effect because there was no information
about it. A third question below contained information about the side effects of
hair loss due to fluorouracil, epirubicin, and cyclophosphamide (FEC) treatment,
a type of chemotherapy.

However, the third question

I am undergoing anticancer treatment, FEC treatment with infu-
sions every 3 weeks, breast cancer. I have completed four courses,
and I am about to start another one, and I have a question about
hair loss. My hair still looks like a baby’s, so I can say that I am los-
ing hair. Although I have heard that other parts of my body, such as
the eyelashes, eyebrows, shins, and lower hair, I am not losing other
than my hair. My doctor said that you lose when I asked my doctor
about it the second time. I'm worried that the medication might not
be working correctly. If you have any experience with this or know

anything about it, please advise me.

simply indicated that FEC treatment caused hair loss as side effect.

The fourth question

39



I would like to know about mouth ulcers during anticancer treat-
ment. I have breast cancer and will start anticancer treatment, but
before that, I went to a dentist and was told that I should have my
teeth treated. She told me that I would probably get many mouth
ulcers from the anticancer treatment but that I should just go and
see her. She told me that I should go in. If it’s a common mouth
ulcer, I'm sure they can treat it with ointment, but I'm not sure if
the mouth ulcer will begin to heal before the anticancer drugs are
finished? The side effects of the anticancer medicines make it hard
to go to the dentist, and the thought of having to go stresses me out.
If T can heal my mouth ulcers faster by going to the dentist, I'll do
my best. However, if it doesn’t make much difference, I don’t want
to push myself as much as possible because of the hair loss, fatigue,
side effects, and other things. If I go to the hospital because of mouth
ulcer, will it heal faster? If you have any experience or know of anyone

who had mouth ulcers, please let me know.

contained information about stomatitis.
The fifth question

My 66-year-old mother is undergoing anticancer treatment for lung
adenocarcinoma. She takes Docetaxel plus Cyramza once every four
weeks. She had numbness after the second dose and reduced the
dosage for the third dose, but the numbness keeps getting worse. . . She’s
been taking the maximum daily dose of Lyrica to reduce the numb-
ness, but she says it’s not helping at all. She can’t walk anymore,
and it has become mentally painful for her, so I are hoping that I can
alleviate her numbness. Can you tell me anything about how to deal
with the numbness, herbal medicine, or anything else that might help

reduce the numbness a bit? Thank you very much.

contained information about numbness.

For the above five questions, the code and name of categories classified by our
model, drug name, and side effects are shown in Table 4.1.

Thus, although side effects can be extracted, the granularity of the drug infor-
mation may be insufficient. Of the 6993 cases, 470 (6.7%) were classified under
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Table 4.1: Questions that were classified into category 11

CPC code | CPC name Drug name Side effects

11.1.2.3. Persistent side effects | Anticancer drug for | Leukopenia
of anticancer drugs | breast cancer
(other)

11.1.1.2. Nerve damage such as | Breast cancer drug Numbness
numbness and discom-
fort caused by anti-
cancer drugs

11.1.1.1. Hair loss due to anti- | FEC treatment Hair loss
cancer drug treatment

11.1.1.6. Mucosal damage | Breast cancer anti- | Stomatitis
caused by anticancer | cancer drug
drugs (stomatitis, etc)

11.1.1.2. Nerve damage such as | Docetaxel + Thyra- | Numbness

numbness and discom-
fort caused by anti-

cancer drugs

mza
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category 11 using the D+E-based method, of which 100 (21.3%) cases were ran-
domly sampled, and 15 (3.2%) had specific drug names.

4.1.2 Potential Application for Unmet Needs

In this section, we show some of the questions and their categorization into low-
frequency categories, as well as “COVID” search to extract unmet needs.

Patients’ unmet needs are becoming a major societal issue. In particular, the
unmet needs of those who should provide answers have not yet been sufficiently
addressed. Except for a few fee-based QA sites such as AskDocters' and Pearl?,
QA sites are generally answered by non-experts, whereas some questions should
be answered by physicians.

Unmet needs are needs that are not addressed owing to a lack of services or
resources, or that have never existed before. The former may be met by dis-
cussing high-frequency categories with medical workers, which may help identify
needs that have been insufficiently addressed in the past, although many patients
complain about them. The latter can be extracted by searching for low-frequency
categories or words that have become popular in recent years (e.g., “COVID”).

The question

My mother has breast cancer with bone metastasis. 1 heard that
bone metastasis has a high risk of fracture, so should I prevent her
from driving a car in the future? Moreover, my 80-year-old grand-
mother is still driving. However, there are many accidents involving
the elderly, and the risk of having an accident is probably higher than
for younger people. If I assume the worst-case scenario, should I stop
her from driving instead of saying, “It’s a pity to take away her car?”
If T ask her to quit driving, in what situation/venue should I tell her?
Moreover, I have a driver’s license, but I'm a driver on paper only.
Should I go back to school to drive for my mother and grandmother
when I go out with the family? I don’t think I’ll be able to drive on

public roads since I have not driven for a long time. . .

"https://www.askdoctors. jp/
’https://www.pearl.com/
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contained an unmet needs about car driving of a cancer patient with bone metas-
tasis.

The question

Please tell me if I can sue for cancer misdiagnosis. Two years ago,
I went to a hospital because a retest was required by mammography.
Since there was something suspicious on the echo, I had cytology
done on the spot. The cytology didn’t give me any results due to a
bad specimen, so I asked for histology. The doctor told me that I
would have to stay overnight at another hospital for a mammotome
biopsy, etc. I didn’t want to spend a lot of time figuring out what
was black and white, so I had a surgical biopsy, a definitive diagno-
sis that could be done at that hospital. As a result, I was diagnosed
with “breast adenopathy” and told to visit the hospital regularly. But
some of the results of the tissue examination were not convincing, so I
had the examination done at another hospital. The result was breast
cancer. . . how could they remove it from the definitive diagnosis...I
would be horrified if they were convinced it was mammary gland dis-
ease and discovered it too late. I want to sue the doctor who is still
examining and treating me as usual, but I heard that medical lawsuit

are difficult. Is it possible to sue him? Do I have a chance to win?

contained an unmet need about misdiagnosis lawsuit.

The question

I had breast cancer sparing surgery in early February and will start
radiation treatment in April. However, I am going through a tough
time with corona right now, and I feel anxious about going to the
hospital every day. Is there anything else I can do except taking

personal measures?

contained the unmet need about COVID-19 infection.
The question

I had a breast cancer sparing surgery in February this year and was

scheduled for radiation therapy, but it has been postponed due to the
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coronavirus. It will still take some time for the situation to improve,
but should I avoid starting radiation therapy at this time? I am on
hormone therapy, but I am getting anxious about not undergoing

radiation therapy.

contained an unmet need about postponement of COVID-19 treatment.

The question

My 88-year-old mother is in a special care facility and has a fever of
37.5. She has breast cancer, so I don’t know if the fever is caused by
breast cancer, corona, or a cold. What are the symptoms of a fever
caused by breast cancer? Do I need to see my family doctor? If it is
not caused by breast cancer, does the fact that I have a high fever in
a special care facility mean that I have contracted the virus from a

staff member?

contained an unmet need about inability to distinguish between cancer and
COVID-19.
The question

About 18 years ago, my mother was diagnosed with breast cancer.
She had an operation and has been living a normal and healthy life
since then. However, 2 years ago, she was told that the cancer had
spread to her lungs. At present, she has difficulty breathing even
when she moves a little, probably due to the accumulation of pleural
effusion. When she was told that the cancer had spread, the doctor
did not give her a life expectancy, but when she looked it up on the
internet, she found all sorts of information that made her feel uneasy.
Can you tell me whether she will live much longer or whether she
may be able to live longer while coping with her illness? I'm getting
married soon, and I was planning to show her my wedding dress next
year. However, with the corona epidemic, that plan is now undecided.
I want to show her my wedding dress at least. I'm not sure if this is

practically possible.

contained an unmet need about wedding.

The question
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When I distrusted the female surgeon at the [omitted|b Hospital and
applied for a second opinion (a letter of introduction was required), I
was pressured to go to the hospital for a second opinion. The doctor
there is a surgeon famous for his breast-conservation therapy, but he
didn’t listen to me very carefully and told me that he agreed with
Dr. [omitted] (the doctor in charge at [omitted] Hospital) and that I
should tell her that he agreed with her because doctors have a difficult
relationship with each other. Is there such a thing? The book on
breast cancer published by the [omitted] Hospital, famous for cancer
treatment, claims it to be the “standard treatment,” even though the
treatment policy is different. Is there anyone who was notified that
they had cancer and went for a second opinion and then were offered
a different treatment plan? Do doctors always protect their doctors?
I was amazed at the lecturers’ pride in the national university hospital

(even though they are quacks).

contained an unmet need about a second medical opinion.

In Table 4.2, we included the code and name of categories classified by our
model and unmet needs that could be read from the text of the questions.

In this study, unmet needs were extracted by reading a questionnaire; however,
constructing an automatic classification model for unmet needs is reserved as a

future task.

4.2 Proposals for Social Needs of COVID-19

The previous section indicated that the most disrupted daily routines due to
the COVID-19 pandemic in Japan were associated with work, education, social
activities, and material shortages. The keyword findings from this study aligned
with many other studies in different countries that had shown how COVID-19 had
a wide impact on social life, the economy, public mental health and education [20].
Below we discuss key findings across the time span in four aspects: work routine
disruption, public anxiety in reaction to (perceived) shortage of resources, social

relationship concerns and interference with curricula.
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Table 4.2: Questions and their classification categories considered as unmet needs.

CPC code | CPC name Unmet needs
8.2.1.1. Traffic conditions are | Driving a car with a
bad displaced bone cancer
patient
5.3.1.3. Should T get a second | Lawsuits against mis-
opinion? diagnosis
8.2.1.3. Frequent visits to the | Worried about corona
hospital are difficult infection due to hospi-
tal
11.1.3.6. Symptoms of | Treatment postponed
radiation-related due to coronavirus
side effects (other)
11.2.1.5. Fever I can’t tell if it’s
cancer symptoms or
corona symptoms
12.1.1.1. Anxiety about the | I want my mother to
possibility of recur- | see me in my wed-
rence or metastasis ding dress, but she has
been diagnosed with
cancer
5.3.1.6. Matters related to sec- | Not fulfilling the role

ond opinions (other)

of a second opinion
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4.2.1 Top Concern

Work routine disruption rose to become the top concern for Japanese citizens.
The labor market in Japan was undoubtedly severely challenged by COVID-
19 as in many other countries. While the pandemic forced a change of work
style and the introduction of remote collaboration, some types of Japanese work-
ers (based on their employment contracts) appeared to be relatively vulnerable
to the change in work style. The keyword “work” coexisted with “part-time,”
“abort,” and “money” in our finding, suggesting that individuals who were con-
cerned about work conditions could be struggling with job uncertainty due to
the nature of their work being part-time, or the sudden drop in income. This
finding was complementary to previous studies on the impact of COVID-19 on
Japan’s labor industry. As Kikuchi et al. described in their paper, contingent
workers, female and low income workers were likely to be hurt the most owing to
the change to telework and the uncertainty regarding long-term income during
COVID-19 [49]. Fukai et al. also reported similar results in their large-scale
government statistics analysis. Japanese citizens who worked part-time in the
service industries, were forced to take a leave, or lost their job owing to the dec-
laration of a state of emergency, were among the groups that were impacted most
by COVID-19 [50]. While the introduction of part-time or contingent workers
was a normal measure for Japanese companies to efficiently allocate their budget
and resources, as work quickly rose to become the top concerning keyword when
COVID-19 landed in Japan, researchers have warned that inequality could be
exacerbated for vulnerable citizens without the government’s active support [51].
Overall, our findings helped provide evidence for Japanese workers individual con-
cerns about job disruption, employment disparity and lack of financial resilience.
By failing to address these issues when announcing multiple states of emergen-
cies, the Japanese government might end up severely compromising the equality
of Japan’s labor market.

4.2.2 Anxiety About Material Shortage

The shortage of some items, such as toilet paper, mask, and tissue as listed in

Table 3.1 became a problem in Japan. Our findings was highly aligned with the
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previous Twitter studies on the hoarding behavior over toilet paper [52]. While
first observed in the United States, panic buying of all household goods quickly
spread around the world. Among them, toilet paper was often the signaling
product to be hoarded and stocked during a natural disaster [53,54]. Although
toilet paper stockpiling might seem irrational and has widely been ridiculed on
social media, the harm caused by bulk purchasing was not as devastating and
might be regarded by social scientists as a way of coping with natural disasters
[54]. T n comparison to the frequently perceived over-hoarding of toilet paper,
mask shortage was considered a more severe public health crisis and a direct threat
to health and well-being. An agent-based simulation conducted by Tatapudi et
al. in 2020 demonstrated that a universal use of masks could reduce infection by
20% [55]. At the time the study was conducted, the COVID-19 death toll across
the world was 541 million, meaning that 108 million deaths could be spared if the
universal use of masks could be implemented. Indeed, plenty of studies suggested
that masks usage was negatively correlated to COVID-19 infection rate [56,57].
In Japan, the situation was slightly different. The Japanese government received
wide criticism about their slow reaction and realization of mask shortage since
the pandemic was considered relatively “under control” in its early phase. As the
mask crisis arose, many Japanese citizens were alarmed at their over-dependence
on masks manufactured in foreign countries, prompting the government to take
steps to boost mask production within the country. However, the over-promoted
anxiety also resulted in what was commonly called “Abenomask,” an incident
that slammed the Japanese government for stockpiling over 82 million unused
masks [58]. A tough lesson learnt from such an incident was that, while social
media served as a critical channel to distribute news and raise public awareness,
emotional contagious statements and over-promotion of a certain disaster could
instead backfire, hampering the rational coping mechanism of citizens and the
decision making of the government. As our findings and many other studies
have highlighted, more work would need to be done to develop effective protocols
to react to the widely contagious anxiety caused by sharing information about

natural disasters on social media.
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4.2.3 About Social Relationships

Keywords related to relationships, social life, and collective events were frequently
seen in our analysis. For instance, the top 20 frequent nouns associated with
“Corona no-sei” included friends, family, live, events, and one person. The top 20

7«

frequent verbs associated with “Corona no-sei” were “go,” “can go <negation>,”

bhNA4

“meet <negation>,” “buy,” “meet,” “can go,” and “play.” The example in Table
4.3 indicates how Japanese citizens associated “go” and “meet” to their socializ-
ing events. While it might seem that many tweets exhibit concerns about social
relationships, those keywords showed how people vented their frustration of being
unable to meet and conduct activities together rather than indicating the loss of
relationships. Interestingly, a study conducted by Goodwin and Takahashi [59]
also reflected similar findings. The majority of Japanese respondents to their
survey regarding their perception of their relationship quality during COVID-19
indicated that there had been no noticeable changes in their perceived relation-
ship quality, with only some reporting that their trust and relationship with
communities declined when compared to the pre-pandemic era. There was also a
report on students having less communication with friends, which became a risk
factor for mental health problems [60]. These findings suggested that COVID-19,
or similar pandemic events, might have caused individuals to experience higher
anxiety and stress, and such an emotional response could result in a short term
disruption to their social activities and coping mechanism against the trauma,
but would not influence long term perceived relationship quality. Indeed, our
example tweets showed how individuals were able to accept the fact that de-
spite feeling frustrated, they looked forward to resuming their social activities
post-pandemic. We, therefore, argue that concerns over relationship disruption
might be temporary and instead was a positive signal for individuals in Japan
to actively maintain their relationships and, as the study of Goodwin and Taka-
hashi [59] suggested, in the case of romantic relationships, making more time for

communication could further enhanced the quality of the relationship.
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Table 4.3: Tweets examples.

Verb | Example

go Due to Corona, the day I've been looking forward to going out with
the guy I love has been postponed... I can’t help it now and I'll

accept it, but I was looking forward to it.

meet | It doesn’t feel like April at all due to Corona, but I can’t wait for it

to end so that we can all meet, eat, and shop together comfortably.

Six years already... I want to quit my job lol.

4.2.4 Concern for Education Discontinuation

The highest number of tweets occurred on February 28, 2020, when the gov-
ernment announced the simultaneous closure of all elementary, junior high, and
senior high schools in Japan. Indeed, in the most frequent nouns and verbs shown

in Table 3.1 and 3.2, the top words related to the simultaneous closure of schools

RREN14 bRANAY

were “graduation ceremony,” “cancel,” “lose,” “rest,” and “go <negation>,” all
of which reflected Japanese citizens” worries of their education discontinuing, the
cancellation of the graduation ceremony and missing school classes. Note that the
graduation ceremony is held in March and the new school/work year starts from
April in Japan. Arguably, despite the Japanese government’s desperate resort to
curb COVID-19, as scientists questioned it, the closure of schools in Japan did
not yield significant effect in preventing COVID-19 from spreading, but instead
deprived learning and development opportunities for children [61]. Furthermore,
due to the schools closure, the demand for digital education or a virtual learning
platform soared, yet many schools and student households were severely under-
prepared for this makeshift education system. As Iwabuchi et al. [62] discussed in
their in-depth analysis, the different resources allocated to each school in Japan
further exacerbated the digital learning disparity caused by COVID-19 school
closure. The well-funded private and prefecture-sponsored schools often already
implemented or could quickly set up the necessary e-learning systems to cope
with the lack of face-to-face lecturing. However, the majority of public schools
were forced to send learning materials to students by mail, risking a huge learning

gap between students in private and public schools. It is still unknown what kind
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of impact to students’ physical or mental development can be observed over the
longer term because most of the schools were able to catch up after the lifting
of the state of emergency. A study conducted by Nishimura et al. [63] on medi-
cal students clearly showed worsening subjective mental well-being and growing
concerns about online alternatives failing to replace the much needed in-person
learning and field practice in medical education. The various concerns reflected in
education and associated keywords in both Tables 3.1 and 4.3 also indicate that
most Japanese citizens shifted their focus from one-time events, such as “grad-
uation ceremony” and “school holiday” to more long term mental and societal

bR ANAA

impacts, such as “opportunity,” “stress,” and “university.” This shift implied that
such long term impact would take time to emerge in comparison with the short
term disruption of incidents (e.g., graduation ceremony), and more studies are

required in the future to monitor and uncover the full picture of the disruption.
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5 Conclusions

In this chapter, we provide an overall summary of our study, including its limita-
tions, about the medical needs of breast cancer patients and social needs during
the COVID-19 pandemic.

This thesis challenged to integrate informatics and sociology by approaching
sociological issues using informatics technology to create new services using social
media data such as Twitter and QA data. Although here are several academic
disciplines that use data to study the science of society, such as computational
social science and social informatics, our study differs from these studies in that
our goal is to reach for developing real-world applications or services by utilizing
research results and discoveries in social computing.

In this thesis, we approached sociological issues using informatics technology

to extract the medical issues of breast cancer patients and social issues during
COVID-19.

5.1 Medical Needs of Breast Cancer

We created three corpora and questions posted to the Yahoo Q&A service (YJQA)
were classified into categories of the cancer problem classification (CPC). From
the classified results, we showed potential applications for side effect signaling
and unmet needs.

Because we used the Japanese text of questions found by the search phrase
“breast cancer” as the training data of the method used in this study, the method
may not apply to other cancer types and other countries. However, our method
can be expanded to different cancer types and countries in cases where problem
data are available. Here, the cancer problem categories specific for other countries

are required because the ones used in this study were defined for Japanese citizens.
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When expanding our method to other cancer types and countries, future work
will have to focus on reproducibility. Therefore, it is necessary to reconstruct
the training data from the questions found by searching for each cancer word to
apply the method to other cancer types.

In addition, COVID-19 infections in Japan appeared in February 2020, and
patients with cancer might experience COVID-19-related problems. Therefore, it
is possible that the current CPC categories may not ensure proper classification.
Thus, it is necessary to define new problem classification categories for patients
with cancer after February 2020. Furthermore, because new topics, not limited
to COVID-19, are always likely to occur, it is necessary to construct a model that
could extract such uncommon topics.

The target of this study was question texts posted on QA services, and it may
not be possible to classify other texts correctly. The fact that the accuracy of the
D-based method was extremely poor among the 3 methods may be due to the
difference between the questionnaire text used in the CPC and the text posted
on the YJQA service. We also found that cancer patients’ problems are not
limited to questions posted on QA websites but include Twitter and blogs. It is
necessary to broaden the training data of the classification method for these texts
to classify the worries of cancer patients. In addition, there are many posts in
which the content is unrelated to worries or contains too many emojis. Therefore,
it is necessary to build a model to determine whether a post contains worries.
Subsequently, two schemes are required to classify the blogs containing worries

into CPC categories.

5.2 Social Needs for COVID-19

Overall, by adding the analysis on “Corona no-sei” to the conventional symptom-
based monitoring, we were able to identify the underlying concerns at the peak
of the disruption and across the whole time span of the three announcements
of states of emergency. Our findings and comparison of the tweets against the
COVID-19 case numbers yielded rich insights on people’s short- and long-term
concerns and potential societal impacts caused by the announcements of states

of emergency. This analysis is expected to be useful for faster decision making
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because it can produce results in a timely manner.

In addition, it can be extended to multiple languages by converting the query
to other language. However, since the system in this thesis is designed to extract
data from Japan, it is necessary to use the Twitter API to obtain data from
overseas. Note that in such cases, the results will be limited because the API
could not extract all tweet data !.

It should be noted that bias exists on Twitter because the usage rate of Twitter
among the elderly is lower than that among the young. To reduce such bias, it
is necessary to remove the effect of age by stratified analysis. However, this
system cannot obtain age data. Therefore, the results should be interpreted in
consideration of the fact that the opinions of the elderly are limited.

Although more studies from different fields would help to reveal the whole
landscape of social and psychological impact caused by COVID-19, we believe
that the keywords reflected in “Corona no-sei” tweets provided more nuanced
descriptions of real-life problems that Japanese citizens faced during the COVID-
19 and revealed the development of different concerns in response to the change of
policies. For policy makers, particularly the Japanese government, such a study
reflects the voice of the citizens and should be taken into consideration when
reflecting on the effect and suitability of a policy and assessing further measures

in supporting persons that were impacted during the pandemic.

5.3 Future Work

Although medical and social needs alone do not solve people’s issues, a com-
prehensive understanding of the type and number of needs can help prioritize
services to solve issues from the people’s point of view. It is necessary to examine
the services that could be provided in the future based on this information to

solve medical and social issues.

https://developer.twitter.com/en/docs/twitter-api/vl/tweets/search/

api-reference/get-search-tweets
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