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Abstract

Patient experience literature in early-stage breast cancer (eBC) is limited. This study used a mixed-methods approach to
examine patient conversations from public online forums to identify and evaluate eBC-related themes. Among 60,000
eBC-related posts published September 2014-2019, text from a random subset of 15,000 posts was extracted and grouped
into linguistically similar, mutually exclusive clusters using an advanced natural language processing (NLP) algorithm. Clusters
were characterized using four quantitative metrics: betweenness centrality (linguistic similarity to other areas of the cluster net-
work), sentiment (general attitude toward a topic), recency (average date of posts), and volume (total number of posts). This
analysis represented 3906 unique users (67% and 33% obtained from cancer—specific and general health/nonhealth forums,
respectively). Of the 27 clusters identified, most important were “discussing recurrence & progression,” “understanding diag-
nosis & prognosis,” and “understanding cancer, biomarkers, and treatments.” Several major themes related to recurrence risk,
diagnosis, monitoring, and treatment were identified. Additional emphasis on communicating the disease recurrence risk and

shared decision-making could strengthen patient-clinician partnerships.
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Introduction

In the United States, women have a 13% average lifetime risk
of developing breast cancer (1). Stage I-III breast cancer
accounted for 177,966 of the 196,094 total cases of invasive
breast cancer reported between 2010-2013 (2). After 4 years
of follow-up, survival rates were >95% in patients with stage
I disease, >80% among those with stage II disease, and >50%
among those with stage III disease (2). Cancer is associated
with substantial burden of symptoms caused by the disease
itself, comorbidities, and/or treatments for the disease (3).
Treatment for early-stage breast cancer (eBC) improves
disease-free survival, overall survival, and patients’ quality
of life (4).

Understanding the needs of a patient during their
breast cancer journey is important to improve patient care
and quality of life (5). Treatment plans for eBC can be
highly individualized based on the patient’s disease charac-
teristics and needs (4,6). As such, patients’ preferences
regarding treatments and their engagement in the decision-
making process are essential (6). The current understanding
of patients’ unmet needs is largely based on findings from

studies with traditional designs and methods (eg, surveys,
focus groups, interviews) (7,8).

The recent explosion of online resources, including online
forums, represents a potential rich information source to
complement the limited existing literature on the needs of
patients with eBC. An estimated 56.3 million people in the
United States use the internet to search for information
about chronic disease (9). Moreover, patients’ treatment
choices are then influenced by the information they gather
(10). Recent guidance from the US Food and Drug
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Administration on patient-focused drug development cites
research using social media tools as a potentially useful sup-
plemental resource to traditional research tools (11) Online
patient forums have become increasingly popular for patients
to seek information and support (12). Using online forums,
patients with cancer can discuss their experiences, interact
with and support other patients, and express and address
their concerns (13). These forum posts offer insights into
the challenges that patients face throughout the patient
journey of diagnosis, disease progression, and recovery (13).
This study aimed to assess the patient experience as
described by patients with eBC in public conversations using
advances in natural language processing (NLP) and open
source online data to identify patient-reported unmet needs.

Methods
Study Design

A mixed-methods approach to a patient voice analysis was
used to evaluate patient conversations via publicly available
online forums to identify and assess themes related to the
unmet needs and burdens of eBC disease. A multistage
approach was used for data collection, data visualization
and clustering analysis, and voice and engagement analysis.

Data Sources

Data sources were publicly available online forums that were
selected to account for different types of patients visiting dis-
tinct sources, representing a more accurate portrayal of online
patient behaviors. The forums were classified as breast
cancer—specific ~ (BreastCancer.org),  general  cancer
(American Cancer Society Cancer Survivors Network
[CSN], Cancer Compass), general health (Inspire), and
nonhealth-related (Reddit). Only 2018 and 2019 data were
collected from the breast cancer—specific forums. Data from
2014 to 2019 were collected from the other types of forums.

All English-language posts published between September
2014 and September 2019 that referred to eBC (stages I-11I)
identified based on the formulated ontologies were included.
Ontologies, a linguistic strategy used to organize language,
were developed to identify posts relevant to eBC and its
effect on the patient. The study team created a lexicon that
referred to patients with eBC (Online Resource 1). Cancer
subtype and/or stage of the patient were inferred from the
content of their posts, with patients often self-identifying
their stage and/or genetic mutation (eg, “I am stage la,
HER 2+...” or “I was just diagnosed with stage 1”). The
eBC population was defined in this study as patients with
breast cancer stages I to III, with no exclusions made based
on breast cancer subtype. To define this population, a 2-step
search strategy was implemented by selecting self-identifying
posts based on the ontology of terms that describe the eBC pop-
ulation and searching all posts from authors of self-identifying
posts and excluding posts from anonymous authors.

Forum (name and URL) and post (title, date, URL, text)
information from selected online threads were included.
Posts by forum moderators, administrators, or sponsors
were excluded, and no personally identifiable data were col-
lected. A random sample of 100 screened posts was assessed
by 2 reviewers on the study team who independently evalu-
ated whether the post met the inclusion criteria to ensure that
the ontologies were appropriately identifying eligible posts.

Cluster Identification

A total of 62,237 English-language posts published between
September 2014 and September 2019 by patients with breast
cancer referring to eBC (stages I-III) were extracted from 5
publicly available online forums. Of these, 15,000 posts
were randomly selected, and post text and date were analyzed
using an advanced NLP algorithm (Quid Inc., San Francisco,
CA) to group linguistically similar posts into mutually exclu-
sive clusters that exist within a network. Patient posts were
assigned to a high-dimensional vector space, and linguisti-
cally similar communities that exist within those data
points were identified. An interactive visual network
grouped posts with similar language into clusters and
mapped the relationship between clusters. Each cluster repre-
sented a patient topic of conversation. To detect themes in the
data, the NLP algorithm used the Louvain method (14). This
method grouped posts into common themes based on shared
similar language and was performed numerous times to allow
multiple levels of themes per cluster.

Cluster Naming

Clusters were assigned names based on keywords identified
by the NLP algorithm and with input from the study team.
The study investigators’ backgrounds are summarized in
Online Resource 2. Unique concepts were prioritized (e.g., diag-
nosis). Words that frequently occurred but did not add meaning
(eg, the, this, if) were ignored. The keywords suggested by the
NLP algorithm were reviewed by the study team to refine
names assigned to each cluster. The investigators evaluated a
random sample of 30 original posts for each cluster to ensure
that the algorithm appropriately identified the core themes.

Patient Engagement Metrics

Clusters were characterized by four scores representing
betweenness centrality (degree to which language within a
cluster is similar to other areas within the cluster network),
sentiment (general attitude [positive to negative] toward a
topic), recency (average date of posts), and volume (total
number of posts within a cluster). The four scores were aver-
aged to obtain a summary score that was used to rank each
cluster by overall importance. Metrics were rescaled to
allow assessment of relative importance, with the least
important cluster rescaled to 1 and all other clusters assigned
a relative score (Online Resource 3).
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All analyses were conducted at the level of user posts.
Results were summarized descriptively with mean values,
medians, interquartile ranges, minimum/maximum ranges,
and SDs of continuous variables of interest and frequency
distribution for categorical variables.

Results

The 15,000 posts included in the analysis were represented
by 3,906 unique users. Of these, 24% were obtained from
breast cancer—specific forums (BreastCancer.org), 43%
from general cancer forums (American Cancer Society
CSN), and 33% from general health/nonhealth-related
forums (Inspire and Reddit; Table 1). A total of 27 clusters
were identified within the cluster network (Figure 1). The
characteristics of forum posts generally were similar across
cluster networks (Online Resource 4). Examples of quotes
from forums in each cluster are shown in Online Resource 5.

Cluster themes were ranked by overall and component
engagement scores (Table 2). Based on average scores across
engagement metrics, the most important clusters overall were
“discussing recurrence and progression” and “understanding
diagnosis and prognosis.” The clusters that were highest in
volume were “emotional support from peers,” “surgical proce-
dures,” and “understanding diagnosis and prognosis.”
“Discussing recurrence and progression,” “anxiety before treat-
ments,” and “skepticism of healthcare system” were most
central within the network. The clusters with the highest senti-
ment scores were “interpreting bloodwork,” “‘understanding
cancer, biomarkers, and treatments,” and “experience with anas-
trozole.” The clusters that had the highest recency scores were
“discussing recurrence and progression” “family history and
genetic testing,” and “clinical trials and research.”

Table |I. Characteristics of Online Forum Posts (N = 15,000).

Characteristic Analytic Sample

Total unique users, n 3906
Unknown user, n 56
Online forum type, n (%)

Breast cancer—specific 935 (24)
General cancer 1671 (43)
General health 586 (15)
Nonhealth 714 (18)
Post, y, n (%)
2014 2663 (18)
2015 2189 (15)
2016 1500 (10)
2017 1413 (9)
2018 4254 (28)
2019 2981 (20)
Post text length, characters
Mean (SD) 486 (393)
Median (IQR) 410 (369)
1001000, n (%) 11,256 (75)
101-3000, n (%) 3426 (23)
>3000, n (%) 318 (2)

Abbreviations: IQR, interquartile range.

Based on engagement scores, posts that focused on “emo-
tional support from peers” were approximately 5.3 times the
volume of those related to ‘“fear of chemotherapy”
(Figure 2A). “Discussing recurrence and progression” was
approximately 1.3 and 2.1 times more central to conversa-
tions within the network than “concerns with costs and insur-
ance” and “menopause concerns and hot flashes,”
respectively (Figure 2B). On average, “sharing resources”
was discussed with 3.3 times and 4.7 times more positive
sentiment than “family history and genetic testing” and
“interpreting  bloodwork,” respectively (Figure 2C).
Compared with “inconvenience with ports” and “role of
nutrition and weight,” “discussing recurrence and progres-
sion” was approximately 5.3 and 2.2 times, respectively,
more recently posted (Figure 2D).

Discussion

Using a novel application of NLP techniques to capture and
process a large amount of patient-reported information from
online forums, this study identified major themes discussed
by patients with eBC. Overall, the most important clusters
based on average scores across engagement metrics were
“discussing recurrence and progression,” “understanding
diagnosis and prognosis,” and “understanding cancer, bio-
markers, and treatments.” “Emotional support from peers,”
“surgical procedures,” and “understanding diagnosis and
prognosis” were highest in volume. “Discussing recurrence
and progression,” “anxiety before treatments,” and “‘skepti-
cism of healthcare system” were most central within the
network. A strength of this study is that unsolicited informa-
tion was collected from online patient forums without the
intent of being used for research purposes, mitigating
common research biases (eg, social desirability) that tradi-
tional qualitative research methods (eg, facilitated focus
groups) introduce.

Literature evaluating the unmet needs of patients with
eBC is sparse. A previous survey study conducted in the
United Kingdom estimated the prevalence and nature of
unmet needs in patients with eBC after they had completed
initial treatment (15). Based on a questionnaire completed
by patients, 61% of patients had >1 unmet need and 18%
had >5 unmet needs (15). The most frequently reported
unmet needs were physical (55%) and emotional (24%),
with hot flashes being the most common unmet physical
need and worry, fear, or anxiety being the most common
emotional need; practical (6%), family (5%), and spiritual
(4%) needs were reported less often (15). In contrast, “men-
opause concerns and hot flashes” was ranked 13th overall in
importance in the current study. However, consistent with
findings from the current study, this study showed that a sub-
stantial proportion of patients with eBC have needs that are
unaddressed and suggested that providing patients with
access to information and resources is important. Findings
from the present study complement existing literature by
summarizing large quantities of unsolicited information on
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Figure |. Visualization of cluster network. Each node represents | online forum post related to eBC experience and/or treatment; each

unique color designates a different cluster, representing a group of posts that share similar language depicting a common theme; distance
between clusters represents how closely the language is similar. Abbreviations: CT, computed tomography; eBC, early-stage breast cancer;

HCP, healthcare professional; PET, positron-emission tomography.

patients’ journey through eBC. Moreover, using NLP, an
inductive approach was utilized, where themes could
emerge organically through the identification of common lin-
guistic patterns.

In contrast to the paucity of information on eBC, numer-
ous studies exist assessing the needs of patients with breast
cancer in general. A survey study of patients with breast
cancer treated at either a university hospital or a rehabilitation
center showed that more information on specific cancer-
related issues, treatments, and prognosis were the most
emphasized needs (16). Additionally, a survey study of
patients with breast cancer across the first 5 years of diagno-
sis showed that the information needs of patients with breast
cancer were high throughout the 5-year period, with informa-
tion regarding the disease rated as most important (17).
Similarly, another survey study showed that unmet informa-
tion needs were high throughout the course of patients’
cancer treatment, but the information patients’ desired

changed over the course of treatment (18). Unmet informa-
tion needs related to ‘“side effects and medication” and
“medical examination results and treatment options and
social issues” were highly reported among patients with
newly diagnosed breast cancer, increased during follow-up
treatment, and remained high during the posttreatment
period (18). Of note, these previous studies assessing
patients’ unmet needs were all based on questionnaires.

To the authors’ knowledge, only 1 previous study has
used the specific NLP approach described in the this report.
In that study, 500,000 comments from public online forums
were analyzed from 2010 to 2018 to gain insight into the
unmet needs of patients with various chronic diseases,
including breast cancer (19). A total of 8 unmet patient
needs were identified and ranked in the following order:
“understanding medication side effects and impact on daily
life,” “coping with living with the condition,” *

understanding
the disease and its causes,” “identifying and mitigating
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Table 2. Cluster Themes Ranked by Overall and Component Engagement Scores.

Cluster

Rank Average

Volume

Centrality

Sentiment

Recency

Discussing recurrence & progression
Understanding diagnosis & prognosis

Understanding cancer, biomarkers, & treatments

Relationships with HCPs
Emotional support from peers
Surgical procedures
Interpreting bloodwork

Detection, early symptoms, & self-diagnosis
Comparing treatment plans with peers

Side effects of radiation

Side effects of chemotherapy
Anxiety before treatments
Menopause concerns & hot flashes
Clinical trials & research
Skepticism of HC system

Family history & genetic testing
Experience with tamoxifen
Concerns with costs & insurance
Experience with AC-taxol regimen
Experience with anastrozole
Seeking second opinions

Recovery from surgery

Role of nutrition & weight

PET & CT scans

Sharing resources

Fear of chemotherapy
Inconveniences with ports

VWoONOTULDAhWDN —

0.908
0.536
0.484
0.472
0.472
0.436
0416
0.286
0.261
0.242
0.205
0.144
0.107
0.101
—0.022
—0.045
—-0.130
—0.185
—0.213
—0.324
—0.343
—0.373
—0.439
—0.487
—0.569
—0.835
—1.105

-0.514
1.351
—0.667
0.569
3.327
2.676
-0.816
—0.334
0.251
0.054
0.412
—0.484
-0.218
—0.595
—0.595
—0.625
—0.448
—0.043
—0.434
-0.218
—0.531
—0.281
0.270
—0.198
—-0.129
—0.941
—0.841

1.968
-0.716
0.726
1.077
0.118
—-0.322
0.739
0.772
1.104
0.063
0.403
1.862
—0.482
—1.066
1.467
—1.611
—-0.837
0.990
—1.127
—0.083
—0.054
—0.505
—0.790
—1.307
—0.794
—1.147
—0.449

0.607
0.642
1.882
—0.638
—1.259
—0.195
2.028
0919
—0.656
—-0.075
0.642
—1.373
0.718
0.969
—1.127
0.591
0.938
—0.973
-0.227
I.146
—1.303
—0.114
0.146
—0.259
—1.660
—1.002
—0.366

1.569
0.867
—0.006
0.880
—0.300
-0.414
—0.288
-0.213
0.345
0.925
—0.636
0.570
0.409
1.098
0.167
1.466
-0.172
-0.716
0.936
-2.140
0518
—0.590
—1.384
—-0.183
0.308
—0.249
—2.765

Abbreviations: AC, adriamycin; CT, computed tomography; HC, healthcare; HCP, healthcare professional; PET, positron-emission tomography.
Cell shading denotes the scale of values where darker cells indicate a higher value for a specific engagement score.
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Figure 2. Relative importance of cluster themes by engagement scores. Abbreviations: CT, computed tomography; HCP, healthcare
professional; PET, positron-emission tomography.
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symptoms,” “connect with other patients to share,” “manag-
ing disease progression,” “more and better treatment
options,” and “understanding diagnostic tests, procedures,
and results” (19). Overall, these needs were consistent with
the most important clusters identified in the present study,
which also focused on understanding the disease, including
recurrence, progression, diagnosis, prognosis, biomarkers,
and treatments. Together, these results highlight the opportu-
nity for healthcare providers to collaborate with their patients
to address these unmet needs.

Given the nature of qualitative analyses, this study had
several limitations. This analysis included a large study
size and number of patient conversations, but had the poten-
tial for selection bias. Individuals who are predisposed to
express their experience online may be systematically differ-
ent from the broader population of patients with breast
cancer, limiting the generalizability of these results.
Additionally, clinical aspects (eg, disease stage, treatments)
of the disease were self-reported by patients and could not
be evaluated for accuracy. The interpretation and naming of
patient topics/clusters were subject to the perspectives of the
study team members. An assumption was made for this study
that the posts in the online forums were from real patients diag-
nosed with breast cancer. Moreover, some posts may have been
counted several times in the descriptive analyses because
patients may have discussed multiple phases of their disease
journey in a single post. Because of the volume of data col-
lected, the level of assessment that is often seen in traditional
mixed-methods or qualitative research was not feasible.
However, to ensure transparent and systematic handling of the
data, a combination of NLP algorithms and researcher assess-
ment/data validation was utilized.

Conclusions

This study represents a novel application of NLP techniques
to capture and process a large amount of patient-reported
information surrounding experiences in eBC. Several major
themes in the patient experience were identified, including
the importance of understanding disease recurrence risk,
diagnosis, monitoring, and treatment options. These findings
suggest that the patient-physician partnership may be
strengthened by shared decision making and a greater empha-
sis on communicating the risk of breast cancer recurrence.
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