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Abstract 
Although pediatric cancer survival rates have improved, cancer is still the 
leading cause of death by disease among children in the United States. With 
nearly 16,000 new diagnoses each year of children having an average age of 
six years old, there is still much to be done to improve survival rates among 
children diagnosed with cancer. Additionally, clinical outcomes can be great-
ly improved by first understanding the patient perspective and, consequently, 
there is a need to understand the pediatric cancer patient experience. Interest 
in the analysis of patient-reported outcome (PRO) measures, including those 
specific to patient experience, has grown in recent years as attempts are made 
to understand and assess latent (i.e., unobserved) traits such as quality of life. 
While most traditional PRO measures involve lengthy and costly surveys that 
are limited in scope, posts on social media platforms are frequently lauded as 
more authentic, unbiased measures of patient experience. While many pre-
vious studies have utilized Twitter as a source for patient experience data that 
is not easily captured by traditional PROs, very few studies have examined the 
use of Twitter data to explore and better understand the experience of pedia-
tric cancer patients specifically. Lexicon-based sentiment analysis of Twitter 
data was used both to examine the pediatric cancer patient experience as well 
as to compare the attitudes, perceptions, and overall impressions of individu-
als with St. Jude experiences to those with more general experiences. Results 
indicated that patients reflected on their care with more relative negativity 
when speaking of experiences other than St. Jude. While there were some 
notable differences between the two comparison groups, the sentiment of 
both was still mostly positive. Pediatric oncology differs greatly from adult 
oncological care and, thus, the proposed use of sentiment analysis with pa-
tient social media posts serving as authentic PRO data likely differentiates 
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more between medical providers and clinical care settings when assessing 
adult patient experience. Despite limitations, this exploratory study suggests 
that Twitter can be utilized as a source for authentic, real-time patient expe-
rience data that will improve overall care and better clinical outcomes, even 
among the pediatric cancer patient population. 
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1. Introduction 

While overall cancer death rates have decreased an average of 1.5% per year 
from 2013 to 2017 with notable decreases observed in common cancers such as 
lung and colorectal, the most recent Annual Report to the Nation on the Status 
of Cancer reveals that cancer incidence rates among children increased during 
this same time period [1]. As the number of children experiencing cancer as well 
as the expected survival times for those children increase, it is imperative to un-
derstand the pediatric cancer patient experience. Healthcare decisions and ac-
tions that are informed by the patient’s point of view are critical to improving 
the value of that healthcare; knowledge of the patient experience can result in 
better treatments, symptom management, and long-term clinical outcomes. Pa-
tient-Reported Outcome (PRO) measures quantify patient experience and pers-
pective, assessing how patients feel and function while receiving care. However, 
static PRO measures are time-consuming and collect very limited information 
about the entirety of the patient experience, oftentimes leading to inadequate 
buy-in from patients and clinicians. Previous studies have shown that unstruc-
tured, free-text information on social media platforms may reflect attitudes, be-
liefs, and experiences uncaptured with traditional surveys. The purpose of this 
study was to explore the utility of Twitter as a source of more authentic PRO 
data for pediatric cancer patients and to understand the experience of these pa-
tients both at the most well-known pediatric treatment and research facilities 
(i.e., St. Jude Children’s Research Hospital) and overall. 

2. Literature Review 
2.1. Pediatric Cancer 

According to Children’s Miracle Network, one out of every 285 children in the 
United States will receive a cancer diagnosis before their twentieth birthday [2]. 
This equates to roughly 15,000 children diagnosed every year. In 2020, it is pre-
dicted that 1190 of these children will lose their lives to the disease [3]. While 
survival rates have improved greatly—from 58% in the 1970s to 84% now—research 
focused on this specialized patient population, specifically their experiences with 
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care, is still lacking and much is unknown. 
Pediatric cancer comes in twelve main forms with over 100 subtypes [2]. Typ-

ically for these types of cancers, a child’s risk of developing cancer is indepen-
dent of lifestyle choices or personal behaviors. Even genetic abnormalities cause 
only a small percentage of pediatric cancer. Consequently, prevention-based re-
search is less needed than research focused on treatment efficacy, treatment de-
velopment, and the effects (both short- and long-term) of treatment and of the 
disease itself. 

While cancer may appear to be similar in children and adults, pediatric can-
cers vary greatly. With better odds of remission but a greater risk of lasting im-
pact, these patients require special treatment [4]. In a study looking at the sur-
vival rates of pediatric and adult cancer patients, results indicated that pediatric 
cancer patients fare better when treated at Children’s Oncology Groups com-
pared to when treated at Non-Children’s Oncology Groups while the reverse is 
true of adults [5]. Pediatric and adult cancer must be treated as distinct diseases, 
just as pediatric and adult cancer patients must be treated as having distinct ex-
periences in treatment. Children and adults will process cancer diagnoses and 
subsequent treatments in vastly different ways. Research related to the psy-
cho-oncology of cancer patients is lacking in general, more so research differen-
tiating the psycho-oncology of children and adult patients. 

Pediatric cancer impacts a child for life yet research that takes a holistic ap-
proach to these specific patients, focusing on their wellness and not just their 
illness, is currently limited. While improving treatments for childhood cancer is 
extremely important, research must also focus on the child as a person and, 
consequently, explore the physical and mental effects of pediatric cancer. Re-
search must explore the overall experience of the pediatric cancer patient in 
treatment, remission, and long-term. 

2.2. Measurement of Patient Experience 

According to the Patient-Centered Outcomes Research Institute [6], patient ex-
perience and patient perspective is essential to fully assess the clinical effective-
ness and overall benefit of a treatment. Outcomes of critical importance to the 
population of interest, which are both patient-centered and relevant to decision 
makers e.g., health-related quality of life (HRQL), should be included in studies 
[6]. Oftentimes, patients are the best source of information to measure such 
outcomes and, consequently, PRO measures are recommended by and included 
in the PCORI methodology standards [6]. 

The U.S. Food and Drug Administration [7] defines a PRO measure as “any 
report of the status of a patient’s health condition that comes directly from the 
patient, without interpretation of the patient’s response by a clinician or anyone 
else.” PROs are typically survey instruments and questionnaires designed to 
measure and monitor, among other things, patient-reported HRQL, symptoms, 
symptom frequency and severity, functional status, satisfaction with care, and 
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treatment adherence [8] [9] [10]. 
According to Wilson and Cleary [11], the benefit of PRO data is that they can 

measure what the patient experiences during their care or course of treatment, 
thereby complementing traditional biological and physiological outcome data to 
provide a fuller picture of the relative efficacy of any particular treatment. Con-
sequently, PROs are increasingly utilized in randomized controlled trials (RCTs) 
and clinical studies—for treatment evaluation, comparative effectiveness re-
search (CER), drug development, and even population health monitoring [8] 
[12] [13] [14] [15] [16]. 

Using PRO data to supplement biological and physiological outcome data is 
especially important in cancer research, where survival-based end points are of-
ten not of sole concern to patients and their clinicians. Due to the increased sur-
vival times seen among cancer patients in recent decades, treatment choice must 
now balance efficacy and toxicity [17]. Patient experience is fundamental to de-
termining the tolerability of cancer treatments. As cited in Kim et al. [18], the 
FDA Oncology Center of Excellence is committed to patient-focused drug de-
velopment (PFDD) initiatives, which rely heavily on PRO data. As such, PRO 
measures are now fairly common in cancer trials, used predominantly to assess 
HRQL, physical functioning, and disease symptoms in patients. Research sug-
gests the this use of PRO data improves cancer patient care as well as clinical 
outcomes such as treatment tolerance [19]. 

As cited in Nipp and Temel [19], Di Maio et al. found a lack of agreement in 
clinician and patient assessment of cancer symptom severity. Given the high 
symptom burden in cancer patients and the apparent information gap between 
patients and their clinicians as it relates to patient experience, it is particularly 
important to incorporate PRO measures into cancer research. 

Cancer is quite varied though. As noted previously, pediatric cancer alone 
comes in twelve main forms with over 100 subtypes. With a wide variety of can-
cers and the development of several novel drug classes to treat these cancers, 
Kim et al. [18] argues that a “one-size-fits-all” approach to static PRO measures 
for HRQL in cancer studies is problematic. Static HRQL instruments do not 
necessarily capture symptomatic adverse events (AEs) that are common for can-
cer patients e.g., nausea, vomiting, and fatigue. Measures such as the Pa-
tient-Reported Outcomes version of the Common Terminology Criteria for Ad-
verse Events (PRO-CTCAE) have been recently developed and identified by the 
FDA as a promising tool to expand the collection of meaningful and clinically 
relevant patient-reported data specific to the cancer patient population [18]. 

As noted by the new development of PRO measures explicitly targeting the 
cancer patient population, PROs are a benefit to the care of patients overall and 
for cancer patients in particular. Fortunately, the survival time for many cancer 
patients has increased; with this potential for a longer life however, the effects of 
the disease and its treatment are ever more important to measure, to quantify, 
and to research. PRO measures, by incorporating the patient’s point of view and 
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experiences, further patient-centered care, expand the care patients receive, and 
ultimately do so while improving clinical outcomes. 

2.3. Patient Experience Expressed through Social Media 

As recommended by PCORI [6] and the FDA [7], clinical trials including those 
specific to cancer research studies now routinely collect PRO data in some form. 
Clinical trials and, consequently, PRO data collected during those clinical trials 
lacks generalizability to the larger patient population, however. As noted by 
Mitchell et al. [20], participants in clinical trials are highly selective, unlikely to 
reflect the demographics of real-world patients. In fact, a literature review on the 
representativeness of RCT samples conducted by Kennedy-Marten et al. [21] re-
vealed that over 70% of the studies reviewed explicitly concluded that RCT sam-
ples were not broadly representative of real-world patients. Especially in cancer 
related clinical trials, participants tend to be younger and have better diseases 
prognosis than real-world cancer patients [21]. Moreover, it is improbable that 
the settings of care involved in most clinical trials mirror those experienced by 
the larger patient population. Consequently, there is a need for PRO data that 
explores cancer patient experience, especially pediatric cancer patient expe-
rience, with greater external validity. 

More authentic generalizable PRO data is needed to augment that collected 
during clinical trials. Moreover, PRO measures are needed that go beyond basic 
symptomatology and HRQL. A systematic review of research specific to cancer 
patients found that PRO data insufficiently captured the cancer patient expe-
rience and predominantly focused on symptoms reporting and patient tolerance 
to treatment [22]. Given the extensive impact cancer has on a patient’s life, the 
review concluded that additional development of PRO measures is needed for 
cancer patients specifically. Additional measures that better capture the finan-
cial, employment, and parenting difficulties experienced by cancer patients 
could be used to better support and care for these patients. 

Existing PRO measures also suffer from a lack of active participation from 
both patients and clinician. Response rates to traditional survey instruments, 
compliance with survey completion, participant attrition, and loss to follow-up 
all impact the validity of current PRO data. Basch et al. [23] found that offering 
cancer patients an electronic system for self-reporting purposes (i.e., an elec-
tronic PRO, ePRO) improved patient care. Incorporating ePROs mitigates to 
some degree the response and compliance issues of traditional PROs. 

While integrating electronic systems is beneficial for PRO data collection, the 
measures themselves are still limited in scope. Current PROs, even if delivered 
electronically, are commonly survey instruments. Greaves et al. [24] noted that 
these survey instruments are expensive to administer yet provide inadequate in-
formation about the patient experience. The instruments themselves have a nar-
row set of prespecified questions with restrictive response choices. Moreover, 
these surveys are conducted infrequently at fixed time intervals and, conse-
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quently, lack the ability to capture the evolving patient experience in real time. 
Outside of the structured PRO measures, patients already provide self-report 

of their experiences in real time on the Internet, especially on social media plat-
forms (e.g., Facebook and Twitter) and health care websites (e.g., WebMD and 
PatientsLikeMe). Internet-based self-reports are not limited by survey instru-
ment design or constrained to set timepoints. Patient experience is shared con-
veniently and with the additional benefit to the patient of social interactions 
[25]. The posted experiences often include clinically relevant information that is 
difficult to capture through conventional means of self-report. Posts made on 
social media platforms like Twitter are shared in real-time and provide a see-
mingly less biased snapshot of the patient experience than traditional surveys 
[26]. As proposed by Greaves et al. [24], the unstructured free-text data available 
from such online posts and comments, when analyzed with sentiment analysis, 
can serve as a real-time PRO measure that is either an alternative or a supple-
ment to more traditional PROs. 

Twitter is widely used in the United States and Mayol and Otero [27] report 
that Twitter is the most widely used social media platform even for healthcare 
professionals. Several recent studies have utilized Twitter data to study health-
care and the patient experience. In 2018, Sewalk and colleagues utilized senti-
ment analysis of Twitter data to examine differences in general patient expe-
rience across space and time in the United States [28]. Twitter data was also used 
to reveal differences in the sentiment of cancer patients and healthcare profes-
sionals regarding brachytherapy radiation treatment [29]. Sentiment analysis of 
Twitter data, thus, has already been used to identify patient needs and to meas-
ure patient experience, specifically in cancer patients [30]. 

While the number of studies examining cancer patient experiences using 
self-report data from social media platforms has increased and while the number 
of children diagnosed with cancer has also increased, there are still limited in-
vestigations using social media to better capture the pediatric cancer patient ex-
perience. 

2.4. Measurement of Pediatric Patient Experience 

As previously stated, despite the increase in the amount of pediatric cancer re-
search, it is still nowhere near adequate and primarily focuses on treatment ra-
ther than the lived experiences of the patient [31]. Studies that focus on pediatric 
cancer research beyond the efficacy of treatment, have noted that complications 
of these treatments can result in late effects years later and that pediatric cancer 
survivors are of great interest since they make up a growing population [32]. 
Consequently, cancer survivorship research has recently emerged to better un-
derstand the long-term effects and impact of cancer among survivors. 

Demonstrating the interest in cancer survivorship research among pediatric 
cancer patients, a multi-institutional, long term, follow up study funded by the 
National Cancer Institute of the National Institutes of Health i.e., the Childhood 
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Cancer Survivor Study (CCSS) began in 1994 to explore the effect of pediatric 
cancer and its treatment on later health [33]. The CCSS is now composed of 
more than 30,000 survivors of pediatric cancers as well as over 5000 of their 
siblings. While the aim of the CCSS was to explore the long-term effects expe-
rienced by pediatric cancer survivors including behavioral and sociodemo-
graphic effects, research focused on the physical health effects of surviving pe-
diatric cancer (e.g., second cancers, organ dysfunction, decreased fertility, etc.) 
are more prevalent than research focused on the psychosocial effects secondary 
to cancer (e.g., depression, anxiety, low self-esteem, etc.). 

Among the studies that explore the psychosocial late effects in cancer survi-
vors, early studies indicated that psychosocial sequelae are a function of age of 
onset and developmental disruption [34]. A later systematic review of psychoso-
cial late effects in pediatric cancer survivors indicates that, while most survivors 
experience very few long-term problems, a subset experience increased rates of 
suicide ideation, global distress, anxiety, and post-traumatic stress disorder 
(PTSD) or similar symptoms [35]. This systematic review confirmed that certain 
demographics continued to be risk factors, highly correlated with psychosocial 
functioning, such as the age of disease onset. Bitsko and colleagues [35] also 
recommend that survivors’ health beliefs and perceptions should be utilized over 
and above clinician ratings as predictors of suicide ideation, anxiety, and other 
psychosocial conditions. 

Although the perception of pediatric cancer survivors is imperative for as-
sessing and surveying late psychosocial effects, understanding the perception 
and perspective of current pediatric cancer patients is imperative for advancing 
patient care and improving clinical outcomes in real time while potentially pre-
venting psychosocial late effects in pediatric cancer survivors. Receiving therapy 
throughout treatment has proven to be beneficial for children, as it allows for an 
open dialogue [36]. While receiving therapy is shown to be beneficial, the psy-
chological trauma of pediatric cancer strongly alters the overall experience of the 
child [37]. Research is limited that focuses solely on the child’s psychological 
condition and experiences throughout pediatric cancer, not in survival. 

Cancer research with pediatric patients has many more complications than 
similar research with adult patients, as children may be too young to voice their 
experiences. Additionally, conventionally collected patient-report data may, in 
fact, have to come from parents or other caregivers. Nonetheless, pediatric can-
cer patient experience data is important, as it can result in a better environment 
of care, an improved treatment plan, and superior long-term outcomes while 
still allowing kids to be kids. To achieve a holistic view of the child and to ade-
quately gauge the pediatric cancer patient experience, it is necessary to follow the 
evolving feelings and emotions of the child from diagnosis to remission in real 
time, learning from every stage of the child’s journey. 

The lived experiences of pediatric cancer patients, throughout their entire 
cancer journey and in real time, are rarely studied. Self-report of this lived expe-
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rience is one of the most accurate means to obtain a widespread and compre-
hensive understanding of the pediatric patient experience. While many studies 
have utilized Twitter as a source for real time and seemingly unbiased PRO data 
among adult cancer patients, few if any studies have examined the use of Twitter 
data to explore and better understand the experience of pediatric cancer patients. 
The current exploratory study focuses specifically on this patient population, ex-
ploring the utility of Twitter as a source of PRO data for pediatric cancer pa-
tients both at St. Jude and overall. 

3. Methods 
3.1. Purpose of the Study & Data Collection 

Twitter, with its amassed collection of self-reported, unstructured, free-text data, 
potentially reflects experiences uncaptured by traditional PRO data. This study 
aimed to gain further understanding of the pediatric patient experience, focusing 
on the experiences of patients at St. Jude and elsewhere in the United States. 

In order to do so, Twitter data was obtained through one of the company’s 
standard Application Programming Interfaces (APIs). Twitter was queried and 
data extracted in December 2019, resulting in a random sample of 3000 tweets 
related to the search term “St. Jude” and a second random sample of 3000 tweets 
containing the hashtag #ChildhoodCancer. 

Both samples of social media posts were restricted by ISO 639-1 language code 
and geocode such that all Tweets were in the English language and originated 
within a 1950 mile radius of the geographic center of the 48 contiguous United 
States, which restricted data collection to the North American continent. Figure 1  

 

 
Figure 1. Geocode restriction for data collection. 
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allows for a visualization of the geocode restriction. 
The search term of “St. Jude” was used to extract social media posts that 

would serve as a proxy to explore the pediatric cancer patient experience at St. 
Jude, while the hashtag #ChildhoodCancer was used to explore the pediatric 
cancer patient experience overall. The hashtag of #ChildhoodCancer was se-
lected because, at the time of analysis, hashtag reports indicated it was the most 
popular and frequently occurring hashtag related to pediatric cancer. As such, 
extracting social media posts utilizing this hashtag would result in a larger sam-
ple and was also hypothesized to be more encompassing of the overall pediatric 
cancer patient than more specific hashtags. 

In order to have samples of the same initial size (prior to data pre-processing), 
Tweets in each of the two samples spanned different lengths of time. While ex-
tracted from Twitter on the same day, differences in posting frequencies of the 
two searches resulted in samples of social media posts that covered overlapping 
but differing time windows. For instance, Tweets associated with St. Jude spanned 
approximately forty days prior while Tweets with the hashtag #ChildhoodCancer 
were posted during a period of approximately eleven days prior to Twitter query 
and data extraction. 

All ethical standards of data collection were adhered to during this study. The 
data was publicly available and accessible through a Twitter API and, as such, 
are typically considered nonhuman participant research. However, in an effort 
to further protect the individuals creating and therefor indirectly supplying the 
extracted Twitter data, no identifiable Twitter information (including user-
names, direct quotations, etc.) was reported. 

3.2. Analytic Approach 

All data pre-processing and analyses were performed in R [38]. 
Lexicon-based sentiment analysis was used to both explore and to compare the 

attitudes, perceptions, and overall impressions of individuals with St. Jude expe-
riences to those individuals with more general childhood cancer experiences. 

Prior to analysis, several data pre-processing steps were taken, specifically, 
word removal, word replacement, lowercasing, and punctuation removal. Each 
individual tweet was turned into a string of lowercase letters and punctuation 
such as periods, exclamation marks, and commas was removed. Manual word 
replacement was performed to replace misspelled words with their correctly 
spelled counterparts as well as to replace synonymous words with the most fre-
quently used version of the word. Word removal took three forms: 1) stop words 
e.g., “and”, “the”, “a”, etc. were removed; 2) other words with less than three 
characters were removed, as these were believed to be potential stop words or 
nonsensical exclamations not previously removed; 3) study-specific undesirable 
words were removed if it was determined that these words would not provide 
additional information in the study context e.g., “cancer”, “St Jude”, etc. Addi-
tionally, to limit redundancy and to attempt to capture only self-report, indivi-
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dually-created text data, all re-tweets (i.e., content that is shared by an individual 
but was originally authored by another) were removed. 

Following data pre-processing, three different general-purpose lexicons avail-
able through the tidytext package were considered: 

1) Bing [39]; 
2) National Research Council, NRC [40]; 
3) AFINN [41]. 
The National Research Council (NRC) lexicon contains a large number of 

words and, consequently, the match ratio of words common between the tweets 
and the lexicon was expected to be larger than that of a smaller lexicon such as 
AFINN. Moreover, the NRC lexicon, unlike the other two, assigns words to ten 
different categories of sentiment (i.e., anger, anticipation, disgust, fear, joy, neg-
ative, positive, sadness, surprise, and trust). Given the exploratory nature of the 
current study and the desire to more completely capture the pediatric cancer 
experience in sentiment, the ability of the NRC lexicon to classify sentiment 
beyond simply negative, neutral, or positive was seen to be beneficial. As such, 
the NRC lexicon was utilized for sentiment analysis. 

4. Results 
4.1. Sentiment Analysis Results for St. Jude Children’s Hospital 

NRC lexicon-based sentiment analysis was performed in R using pre-processed 
Twitter data from 3000 extracted tweets related to St. Jude in order to explore 
the pediatric cancer patient experience at one of the nation’s most recognized 
pediatric treatment and research facilities. St. Jude Children’s Research Hospital 
has a specific focus on childhood diseases, especially cancers, and is renowned 
for the fact that no patient is charged for care at the facility. 

Figure 2 displays the overall distribution of Twitter sentiment scores for St. 
Jude. Tweets were assigned mostly positive sentiment scores, especially relative 
to negative sentiment scores within the sample. Anticipation, joy, and trust sen-
timents were also repeatedly observed. 

Individual word frequencies were examined. Some of the most frequently ob-
served words for the sample of St. Jude tweets were: “thanks”, “danny thomas”, 
“support”, “treatment”, “learn”, and “awareness”. These word frequencies reveal 
the thankfulness of care for those posting on Twitter, the importance of and ap-
preciation for founder Danny Thomas to St. Jude, and the overall support felt at 
St. Jude. 

Taken together, the sentiment scores and the examination of individual word 
frequency reveal an overall positive pediatric cancer patient experience at St. 
Jude Children’s Research Hospital characterized by trust and support despite the 
anticipation inherent in the disease. 

4.2. Sentiment Analysis Results for #ChildhoodCancer 

NRC lexicon-based sentiment analysis was also performed in R using pre-processed  
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Figure 2. Distribution of Twitter Sentiment for St. Jude. 

 
Twitter data from 3000 extracted tweets containing the hashtag #Childhood-
Cancer to explore the pediatric cancer patient experience overall, including that 
of patients receiving care in clinical settings other than St. Jude. 

Figure 3 displays the overall distribution of Twitter sentiment scores for 
#ChildhoodCancer. Tweets from this more general sample were also assigned 
mostly positive sentiment scores. Anticipation, joy, and negative sentiments 
were observed often and at approximately the same levels. 

Individual word frequencies were examined. Some of the most frequently ob-
served words for the sample of #ChildhoodCancer tweets were: “love”, “life”, 
“inspirational”, “remarkable”, “cruel”, “blow”, “losing”, “heartache”, “abuse”, and 
“back”. These word frequencies reveal the cruel heartache, yet inspirational ex-
periences associated with pediatric cancer patients, the benefit finding that can 
occur during the treatment process and cancer journey, and the confronting of 
failed treatment progress and disease recurrence. 

4.3. Comparison of Sentiment Results 

Comparison of the NRC lexicon-based sentiment analysis results for St. Jude and 
#ChildhoodCancer, reveals a few interesting results. Results of a correlation 
analysis indicate that there is a significant and positive linear association be-
tween the NRC lexicon-based sentiment scores for each sample, r (8) = 0.97, p <  
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Figure 3. Distribution of Twitter Sentiment for #ChildhoodCancer. 

 
0.001. While overall sentiment scores indicate very little difference between the 
posts associated with St. Jude and those associated with the more general hash-
tag of #ChildhoodCancer, there was greater relative negativity expressed gener-
ally than expressed for St. Jude when observing the positive-negative sentiment 
score ratio. The St. Jude pediatric cancer patient experience appears more rela-
tively positive than in other settings of care. 

Additionally, looking beyond the positive-negative sentiment score ratio, the 
distribution of sentiment scores for each sample further suggest that more rela-
tive negative sentiment was expressed in tweets containing the hashtag #Child-
hoodCancer than in tweets related to St. Jude. The St. Jude experience was ap-
proximately equally described as anticipation, joy, and trust. However, the more 
general experience was described as negative in nearly equivalent proportions as 
anticipation and joy. 

Observed word frequencies indicated that, while there was a great deal of po-
sitivity associated with both comparison groups, words such as “cruel” emerged 
with much more frequency in general posts related to #ChildhoodCancer than in 
posts related to St. Jude. 

It appears that the pediatric cancer patient experience is both benefit and 
burden, both positive and negative, both inspirational and cruel. However, St. 
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Jude appears to provide a more positive overall experience than other clinical 
care settings. 

5. Discussion 

Among cancer patients and, especially among pediatric cancer patients, the pa-
tient perspective is critical to ensuring desirable clinical outcomes during and 
after treatment. That pediatric cancer patient perspective can only come (in an 
unbiased manner) directly from the patient. When a concept of interest is best 
known by the patient, the FDA [7] recommends utilizing a PRO measure. How-
ever, conventional PRO measures are by nature limited in scope and leave vari-
ous aspects of the patient experience uncaptured. Mirroring an approach taken 
in previous research to analyze more authentic and real-time PRO data but fo-
cusing specifically on the insufficiently studied pediatric cancer patient popula-
tion, the current study utilized Twitter data to better understand the experience 
of pediatric cancer patients. 

Results indicated that pediatric cancer patients report experiences that are rel-
atively positive despite the physical and emotional burden of cancer diagnosis 
and treatment. This is in alignment with previous research that suggests pedia-
tric cancer patients “report positive and negative aspects of their illness simulta-
neously” and engages in benefit finding similar to adult cancer patients [42]. 
Within the pediatric cancer community, optimism and positivity might be fairly 
standard. Consequently, self-reported experiences for one comparison group 
that is relatively more negative might be more predictive of treatment toxicity or 
settings of care that should be improved. 

The results of this exploratory study demonstrate that Twitter has the poten-
tial to capture the pediatric cancer patient experience and that sentiment analysis 
can be a means to quantify, make comparisons, and better understand the expe-
rience. While Twitter data is a promising complement to traditional PRO data, 
there are limitations to this initial study and suggestions that can be made for 
future work. 

While our goal was to analyze content authored only by pediatric cancer pa-
tients, it is not clear that this was accomplished. Just as conventional PRO meas-
ures for pediatric cancer patients often do not meet the formal definition of a 
PRO established by the FDA in 2009 because data is often reported with inter-
pretation by parents; this could again be the case for Twitter-based PRO data. 
There is no means in the current study to definitively determine if Twitter data 
is being reported directly by the child patient or by a parent/guardian. In future 
work, pediatric cancer patient experience studies utilizing social media could 
focus exclusively on adolescent-aged patients, as these patients would be most 
capable and, thus, most likely to be posting for themselves without interpreta-
tion. 

Additional limitations to Twitter data collection include keyword, hashtag, 
and user selection. In this current exploratory study of pediatric cancer patient 
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experience, St. Jude related Twitter data and the hashtag of #ChildhoodCancer 
were utilized for data queries. As noted by Kim et al. [43], the selection of terms 
used for data collection through the Twitter API often relies on a subjective de-
cision by the researchers. Future studies should utilize additional hashtags, key-
words, and/or users that are either targeted (i.e., specific to a particular cancer 
type) or perform several preliminary keyword searches to provide a more me-
thodologically-guided approach to final keyword selection. 

The current study, while similar to many previous studies, relied on only one 
single platform of social media (i.e., Twitter). Though this is now a fairly com-
mon social media platform for obtaining patient experience data, future work 
could incorporate self-report data that comes from other social media platforms 
(some of which might be more suitable and age-appropriate for the pediatric pa-
tient population). 

Lexicon-based sentiment analysis also results in inherent limitations, as any 
one general-purpose lexicon may not be fully capable of adequately assigning 
sentiment scores in a more specific context [44]. If possible, future research 
could utilize a lexicon that is better able to capture sentiment in the realm of 
cancer treatment. 

Future work could also explore sentiment over time for particular care set-
tings, especially exploring the potential to detect structural change in sentiment 
following institutional interventions. Sentiment over time could also be examined 
at an individual patient level, following a pediatric cancer patient throughout the 
various stages of diagnosis, treatment, remission, and possible recurrence. Any 
analysis over time would be beneficial to better capture the pediatric cancer pa-
tient experience as it evolves. 

While limitations exist in the current study and while further work is needed 
to fully assess and understand pediatric cancer patient experience, this study sug-
gests that physicians and anyone involved in the care of pediatric cancer patients 
can use social media posts as a form of authentic, real-time patient-reported expe-
rience. Such information, serving as a supplement to traditional PRO measures, 
can then be used both to better understand the patient perspective and to better 
care for pediatric cancer patients. 
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