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ABSTRACT

The lockdown measures of the ongoing COVID-19 pandemic
have disengaged patients with cancer from formal health
care settings, leading to an increased use of social media
platforms to address unmet needs and expectations.
Although remote health technologies have addressed some
of the medical needs, the emotional and mental well-being
of these patients remain underexplored and underreported.
We used a validated artificial intelligence framework to con-
duct a comprehensive real-time analysis of two data sets of
2,469,822 tweets and 21,800 discussions by patients with

cancer during this pandemic. Lung and breast cancer are
most prominently discussed, and the most concerns were
expressed regarding delayed diagnosis, cancellations, missed
treatments, and weakened immunity. All patients expressed
significant negative sentiment, with fear being the predomi-
nant emotion. Even as some lockdown measures ease, it is
crucial that patients with cancer are engaged using social
media platforms for real-time identification of issues and the
provision of informational and emotional support. The
Oncologist 2021;26:e342–e344

The COVID-19 pandemic has disrupted all aspects of human
society with more than 10 million confirmed cases and more
than half a million deaths in 180 days after the first case was
reported. Following stringent social distancing and lockdown
measures, hospital systems have increasingly transitioned to
telemedicine for nonpandemic health care services. Oncology
patients in particular have been severely affected by this
transition as they are disconnected from a formal and famil-
iar health care setting that is intertwined with their cancer
trajectory. Despite many research endeavors on cancer and
COVID-19, such as the severity on immunocompromised
patients with cancer [1], cancer care management [2], non-
pharmaceutical interventions [3], and hospital hygiene [4],
none has focused on this disconnect and the corresponding
impact on mental health and emotional well-being. In fact,
patients with cancer have addressed this void by seeking
informational and emotional support on diverse social media
platforms. Twitter has been the most widely used platform,
with more than two million tweets during this pandemic.

Although the short-form expressions on Twitter are well
suited for the fast-evolving nature of the pandemic and asso-
ciated challenges, more substantial conversations and discus-
sions are taking place on online cancer support groups
(OCSGs). Given that mental health and emotional well-being
of patients with cancer are underreported and under-
explored, we postulate that patient-reported information on
these social media platforms can be used for real-time analy-
sis of patient needs and expectations for the delivery of
effective oncology care during this period.

Patient-reported information during COVID-19 (from
February 1 to April 30) was extracted and compiled in the
form of two data sets: 2,469,822 tweets from Twitter and
21,800 posts from a combination of general and specific
OCSGs. All data sources are publicly available, and the entire
data extraction process was anonymized. We applied a vali-
dated artificial intelligence framework, the Patient-Reported
Information Multidimensional Exploration (PRIME) frame-
work [5, 6] on both data sets. The PRIME framework has
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been effectively used for the extraction, analysis and synthe-
sis of patient-reported information on physical and mental
well-being, such as symptoms, side effects, treatment

decisions, real-life experiences, mental health issues, and
emotional burden of patients with cancer, cancer survivors,
and caregivers [7].

Figure 1. Emotions expressed by patients with cancer before and after the COVID-19 outbreak was formally declared a global
pandemic.

Figure 2. Sunburst diagram of patient needs and corresponding emotions. The inner circle represents themes numbered by signifi-
cance in descending order. The outer circle represents the main topics of concern for each theme. The intermediate circle repre-
sents the most significant emotion and intensity of expression for each theme and its main topics.
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After the initial application of PRIME on the Twitter data
set, we observed a sharp threefold increase in the volume of
tweets on March 11, 2020, when the World Health Organiza-
tion declared COVID-19 a global pandemic. Most of these
tweets focused on the propagation of guidelines issued by
health care providers, such as the criticality of social distanc-
ing for patients with cancer and the anticipated delays in
access to formal care. The next level of analysis was the type
of patient with cancer contributing this increase in volume.
We observed that the highest was 38.3% related to lung can-
cer and second highest was 23.8% related to breast cancer.

In applying the PRIME framework on the OCSG data set,
we analyzed the emotional burden of the pandemic on
patients with cancer, based on more substantial discussions,
which were semantically rich and context-aware in comparison
with tweets. We used an ensemble of machine learning algo-
rithms to extract two sentiments (negative and positive) and
eight emotions (anger, fear, anticipation, trust, surprise, sad-
ness, joy, and disgust) [8]. As visualized in Figure 1, the overall
positive sentiment gradually decreased from February 1 to
April 30. The most prominent emotions were “fear” and “joy,”
with “fear” being consistently expressed during this period,
whereas “joy” underwent a significant drop soon after the
pandemic was declared, followed by a gradual decrease with
occasional spikes of positivity that were triggered by media
releases on the development of treatments for COVID-19.

In terms of patient needs, we used the natural language
processing techniques followed by artificial intelligence algo-
rithms in PRIME to explore the key patient issues expressed in
both data sets, based on high-level themes and corresponding
topics. Tweets mainly focused on treatment delays, diagnosis
delays, and weakened immunity, whereas cancellation of con-
sultations, missed scans, and risks of undergoing chemother-
apy were the main focus in OCSG discussions. These concerns
align with a recent study that reports individuals on active
chemotherapy or radical radiotherapy for lung cancer, and
patients with blood or bone marrow cancers are the highest
risk group [9]. Delays in diagnosis of hematologic cancers such
as acute leukemia, which require immediate treatment, put
patients’ lives at more risk and lower life expectancy [10].

Going beyond these medical concerns, both data sets con-
tained a significant volume of concerns expressed on mental
health, adjusting to the “new normal,” and daily physical activ-
ity. We formulated these findings of patient needs in terms of
key themes and corresponding topics as illustrated in the sun-
burst diagram (Fig. 2). The inner circle represents the themes,
the intermediate circle denotes the emotions for each theme,
and the outer circle represents the topics of concern for each
theme. The themes are ordered 1 to 6, in descending order of
most significant to least. The most prominent emotion across
all themes is “fear,” except “ongoing care,” which is positive
with “anticipation” at 30% intensity.

We have successfully applied the PRIME framework to
develop a deep understanding of the “pulse” of patients
with cancer in terms of their information needs, health
care expectations, mental health, and emotional well-
being during this pandemic. These findings are particularly
significant as they formalize the health care value of
online patient-reported information during a time when
formal care is compromised and clinical resources are
exhausted. The robust correlation between the sustained
threefold increase in social media participation and the
steady decrease in positive emotions is a grave concern
for the effective management of cancer care during the
pandemic. We have demonstrated how PRIME can be
used to precisely detect emotions in real time, including
sensitive emotional fluctuations due to media announce-
ments on coronavirus treatment development. This means
that telemedicine and remote health care technologies
can be used to provide proactive and responses to
patients with cancer in distress and actively prioritize
patients who require urgent support. The COVID-19 pan-
demic is far from over, and it is prudent and practical for
formal health care systems to incorporate the findings of
this study for the real-time identification and delivery of
effective care for oncology patients.
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