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Background: Few reports have investigated chatbots in patient care. We aimed to assess the current applications, limitations, and 
challenges in the literature on chatbots employed in oncological care.
Methods: We queried the PubMed database through April 2022 and included studies that investigated the use of chatbots in different 
phases of oncological care. The search used five different combinations of the specific terms “chatbot”, “cancer”, “oncology”, and 
“conversational agent”. Inclusion criteria were chatbot use in any aspect of oncological care—prevention, patient education, treatment, 
and surveillance.
Results: The initial search yielded 196 records, 21 of which met inclusion criteria. The identified chatbots mostly focused on breast 
and ovarian cancer (n=8), with the second most common being cervical cancer (n=3). Good patient satisfaction was reported among 14 
of 21 chatbots. The most reported chatbot applications were cancer screening, prevention, risk stratification, treatment, monitoring, and 
management. Of 12 studies examining efficacy of care via chatbot, 9 demonstrated improvements compared to standard care.
Conclusion: Chatbots used for oncological care to date demonstrate high user satisfaction, and many have shown efficacy in 
improving patient-centered communication, accessibility to cancer-related information, and access to care. Currently, chatbots are 
primarily limited by the need for extensive user-testing and iterative improvement before widespread implementation.
Keywords: chatbot, conversational agent, artificial intelligence, AI, cancer, oncology

Introduction
Chatbots are defined as computer programs that process and simulate human conversation by artificially replicating 
patterns of human interaction through natural language processing.1 Chatbots widely serve as digital assistants to clients, 
allowing users to express their interests, wishes, and queries naturally by speaking, typing, and pointing.2 They may be 
implemented through messaging applications, websites, mobile apps, or telephone. The first-ever use of chatbots or 
related technology started in the 1960s with ELIZA, which used simple keyword matching techniques to try to convince 
users that they were real humans, giving the illusion of “intelligence.”3 In the following decades, with rapid growth in 
text and natural-language-based research and improvement in data mining and machine learning techniques, chatbots 
became more practical, particularly for commercial applications. Voice-based platforms such as Apple’s Siri and IBM’s 
Watson have been implemented across a variety of social media and technological platforms.4–6 Additionally, other 
unique real-world applications can be found in conversational artificial intelligence (AI) with Amazon Echo, which 
implements the voice service Alexa, found in millions of households around the world and generating 4 billion dollars in 
device revenue in 2020.7 According to UK-based Juniper Research, chatbots are expected to deliver 4 billion dollars in 
cost savings in the banking sector by 2022.8 The market size for chatbots is expected to expand at a compound annual 
growth rate of 25.7% over the next 9 years.9
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Chatbots remain underutilized in healthcare and its market size in healthcare is expected to proliferate over the next 
decade. Healthcare chatbots to date have primarily been mobile apps.10–12 The first report of chatbots in healthcare 
involved an exploratory study in 2010, where the chatbot answered adolescents’ questions related to sex, drugs, and 
alcohol.13 Since then, development of AI-driven solutions including chatbots into public care had been relatively slow. It 
was not until the COVID-19 pandemic where utilization of telehealth and health-oriented chatbots significantly 
increased.14 As a result, scopes have expanded from patient education for common diseases including malignancies.10 

Additionally, chatbots have been deployed to suggest behavior, lessen mental health burden, and offer emotional 
support.15 This high potential for future development can also be supported through the healthcare chatbot market, 
expected to increase at a compound annual growth rate of 19.16% from 2022 to 203016 and that chatbots in the 
healthcare sector are expected to save 3.6 billion dollars globally by 2022.17

Cancer is the second leading cause of death in America.18 With COVID-19 pandemic reducing access to cancer 
care,19–22 remote and digital cancer care interventions such as chatbots are more relevant than ever before.23 Two scoping 
reviews in 2019 describe how contemporary chatbots have demonstrated improved accessibility, personalization, and 
efficiency, with the potential to improve many types of patient care, but only a handful of chatbots are related to cancer 
care.6,10 There have since been many other studies utilizing chatbots in oncology for preventive screening,24–26 mental 
health monitoring,27 lifestyle change,28 patient education6,10,29 etc. Therefore, given the increased number and limited 
assessment of contemporary chatbot studies particularly in the cancer field as well as the high potential of reducing 
operating costs, we hereby aimed to provide a more thorough, updated review evaluating the strengths and weaknesses of 
chatbot studies in oncological care to help guide future technological development.

Methods
Search Strategy
This narrative review consists of searches through PubMed containing biomedical literature from the United States 
National Institute of Health’s National Library of Medicine. The search used five different combinations of the specific 
terms “chatbot”, “chat bot”, “cancer”, “oncology”, “disease”, and “conversational agent”. The first combination inputted 
in the query box on PubMed was “(chat bot) OR (conversational agent)) AND (cancer)”, the second was “((cancer) OR 
(oncology)) AND ((chatbot) OR (conversational agent))”, the third was “(cancer) AND (chatbot)”, the fourth was 
“(chatbot) AND (disease)”, and the fifth was “(disease) AND (conversational agent)”. Our five combinations were 
designed to account for variability in terminology and ensure the comprehensiveness of our search to capture all relevant 
studies.

The literature review for these studies began in June 2021 and was collected through April 24, 2022. These studies 
included where a chatbot was used in any aspect of oncological care – prevention, patient education, treatment, and 
surveillance. Published articles, abstracts, and ongoing clinical registered on clinicaltrials.gov discussing use of chatbots 
for medical care were included and noted as such. Excluded were studies used for purposes not related to cancer or 
chatbots. We explained these specific details and processes in a PRISM diagram (Figure 1). Data was extracted by one 
reviewer (AW) and independently verified by another (ZQ).

Results
The initial search yielded 196 records, 21 of which met inclusion criteria (Figure 1).

Characteristics of Chatbots
Table 1 provides the key details of each of the 21 studies included in this review. These key features included phase of 
oncological care, study period, data source, study design, effect estimates, and key result summaries.

Phase of Care and Type of Cancer
The 21 chatbots included in this review were piloted in all phases of clinical care for patients with breast, ovarian, 
colorectal, cervical, or prostate cancer. Out of these 21 chatbots, 15 of them focused on specific types of cancers with the 
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remaining six chatbots included mixed populations of cancer patients. Eight wchatbots focused on breast 
cancer,32,33,36,38,43,44,46,48 three of which also included patients with ovarian cancer.36,38,46 Three more chatbots studied 
cervical cancer,24,30,31 two on colorectal,32,45 one on prostate,25 one on lung,41 and one on head and neck.42

Chatbot Medium
Included chatbots were implemented through different media forms. Nine studies used text and smartphone-based 
chatbots.33,37–39,41,43,44,47,48 Ten were web-based,24,25,34,35,38,40,42,43,45,46 Three chatbots were voice or speech-based.30–32

Chatbot Objectives
Eleven chatbots were centered on cancer screening, prevention, and risk stratification.24,25,30,31,35,36,38,39,45–47 These 
chatbots queried patients’ demographic, clinical, and family histories to inform the decision-making process in cancer 
screening and prevention.24 To narrow the disparity in cervical cancer care among Hispanic women, Wu et al designed 
a chatbot acting as a virtual educator to close the knowledge gap regarding cervical cancer screening between Hispanic 
women from rural US and the general US population.24 Owens et al focused on improving a patient’s cancer knowledge, 
technology use, and cancer screening decision-making through the screening process.25 Sato et al used a chatbot to 
screen for family history of breast and ovarian cancer and determine if patients met the National Comprehensive Cancer 

Figure 1 PRISMA flowchart of literature review process. 
Notes: PRISMA figure adapted based on guidelines from Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71. Creative Commons.
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Table 1 Summary Table of Included Studies

PMID Author Study 
Design

Sample Size Significant Finding/Result Cancer 
Type

Chatbot 
Purpose

31774408 Jean- 

Emmanuel 

Bibault et al6

RCT 142 Chatbot usability scores of helping answer 

patient questions on cancer were found to be 

noninferior to the scores of physicians

Breast Cancer 

treatment, 

monitoring, and 
management

3247762 Muhammad 
Amith et al30

Pilot study 24 Statistical difference reported of evidence of 
impact on health beliefs and perceptions of the 

HPV vaccine before and after chatbot counseling

Cervical Cancer 
screening, 

prevention, and 

risk 
stratification

32704245 Muhammad 

Amith et al31

Pilot Study 16 An ontology-powered dialogue engine can be 

used to provide HPV counseling between 

patients and chatbots

Cervical Cancer 

screening, 

prevention, and 
risk 

stratification

34391413 Izidor Mlakar 

et al32

Pilot study 160 Study expects that cancer survivors will 

significantly increase their self-efficacy, healthy 

habits, disease self-management and self- 
perceived quality of learning from intervention 

with embodied CA

Breast and 

Colorectal

Cancer 

survivorship

31045505 Benjamin 

Chaix et al33

Pilot Study 4737 88.00% of patients reported chatbot provided 

them with support and helped them follow their 

treatment effectively.

Breast Cancer 

treatment, 

monitoring, and 
management

29978858 Ying Wu 
et al24

Pilot study Unknown Conversational agents can help increase cervical 
cancer screening rates among Hispanic women 

in a rural agricultural community

Cervical Cancer 
screening, 

prevention, and 

risk 
stratification

29996666 Otis 
L Owens 

et al25

RCT 354 Participants experienced significant 
improvements in their prostate cancer 

knowledge, informed decision-making self- 

efficacy, and technology use self-efficacy with 
chatbot

Prostate Cancer 
screening, 

prevention, and 

risk 
stratification

26728964 Timothy 
W Bickmore 

et al34

RCT 89 Conversational agents can be used to improve 
accessibility to Web-based searches and clinical 

trials including about cancer for low-health 

literacy patients

No type 
specified

Patient 
education and 

communication

32897737 Brandon 

M Welch 
et al35

RCT 14140 Chatbots can gather family health history 

information at the population level, with 
patients expressing high levels of engagement 

and interest

No type 

specified

Cancer 

screening, 
prevention, and 

risk 

stratification

(Continued)
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Table 1 (Continued). 

PMID Author Study 
Design

Sample Size Significant Finding/Result Cancer 
Type

Chatbot 
Purpose

33544084 Ann Sato 
et al36

Pilot Study 3 Chatbot systems can be applied to preliminary 
genetic medicine screening for HBOC

Breast and 
Ovarian

Cancer 
screening, 

prevention, and 

risk 
stratification

31160007 Antoine Piau 
et al37

Pilot study 52 Patients benefited from the chatbot regarding 
serious health and adherence issues requiring 

timely interventions

No type 
specified

Cancer 
treatment, 

monitoring, and 

management

34735417 Shivani 

Nazareth 
et al38

Retrospective 

Observational 
study

95,166 Chatbot digital health tools can help 

automatically flag high-risk patients to improve 
automatic transfer of data and give nurses more 

time for complex genetics services and patient 

interaction

Breast and 

Ovarian

Cancer 

screening, 
prevention, and 

risk 

stratification

34792472 Daniel 

Chavez- 
Yenter et al39

Pilot study 103 Conversational agents have the potential to 

become a scalable alternative for pretest 
genetics education, reducing the clinical demand 

on genetics providers.

No type 

specified

Cancer 

screening, 
prevention, and 

risk 

stratification

32357886 Sebastiaan 

M Stuij et al40

Interview Pilot 

Study

5 Chatbot users claim texts were “easier to read 

than a book” and users liked generation of 
reminders.

No type 

specified

Patient 

education and 
communication

33688839 Yuki Kataoka 
et al41

Mixed 
Methods Study

12 (11 
patients, 1 

caregiver)

Medical staff can use chatbots to educate 
patients about how to handle symptoms, but 

further studies are required to improve 
chatbots since satisfactory rates are not high

Lung Cancer 
treatment, 

monitoring, and 
management

34700280 Daniel Ma 
et al42

Pilot study 95 61% of patients reported that chatbot helped 
with symptom self-management and reduced 

the need to call care team

Head and 
Neck

Cancer 
treatment, 

monitoring, and 

management

34192239 Benjamin 

Chaix et al43

Cross- 

sectional study

1771 Chatbot evaluated that prevalence of 

Peritraumatic distress in at-risk patients is high 
in France

Breast Cancer 

treatment, 
monitoring, and 

management

31492408 Alison 

Chetlen 

et al44

Pilot study 55 74% of women stated that the chatbot improved 

the quality of care and quality of life; 87% of 

patients reported an improved understanding of 
their breast biopsy procedure

Breast Cancer 

treatment, 

monitoring, and 
management

33168571 Brandie 
Heald et al45

Feasibility 
Study

4254 96.2% of patients completed the chat with the 
chatbot and genetic screening and testing for 

HCRC syndromes was carried out successfully

Colorectal Cancer 
screening, 

prevention, and 

risk 
stratification

(Continued)
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Network BRCA1/2 testing criteria.36 Additionally, five studies focused on genetic or vaccine counseling to help with 
cancer prevention.30,31,39,46,47 Two of these studies asked patient for their opinions and beliefs on HPV vaccine to 
improve vaccine uptake for cervical cancer prevention.30,31 Chavez-Yenter et al used a chatbot to educate patients on 
cancer risk genetic testing and Kaphingst et al used a chatbot for education on testing for inherited cancer syndromes.39,47 

Siglen et al performed digital conversations with breast or ovarian cancer patients about genetic BRCA testing.46

Seven chatbots included in this review focused on cancer treatment, monitoring, and management.33,37,41–44,48 These 
chatbots answered common questions asked by breast and lung cancer patients about their treatments.41,43,44,48 Chatbots 
from these studies also addressed the concerns of breast cancer patients via designed texts,41 measured medication 
adherence rates,37,41 and gave out weekly questionnaires.37,42

In addition to treatment and management, two chatbots were designed to educate patients on technology use and 
oncologists on communication-skills.34,40 Bickmore et al provided a conversational search experience to help individuals 
with low health and computer literacy find and learn about cancer-related clinical trials.34 Instead of educating patients, 
Stuij et al used a chatbot to help oncologists learn communication-skills by providing individualized feedbacks.40 Finally, 
Mlakar et al focused on cancer survivorship. Their chatbot focused on lifestyle modifications, self-efficacy, and patient 
reported quality of life among cancer survivors.32

Evaluation of Chatbots
Acceptability
Sixteen of 21 articles studied the acceptability of their respective chatbots.25,30,33–46,48 Five studies are still awaiting 
published results to be posted or currently do not have results published online.24,31,32,43,47 Acceptability was high in 
most studies, with only one demonstrating low satisfaction ratings.41 For example, acceptability of chatbots was 
evidenced by positive user comments on how convenient the chatbot was to use, high usability scores and compliance 
rates.37 Chetlen et al even found that 33% of women strongly agreed and 54% of women agreed that a chatbot made it 
easier for them to understand their upcoming breast biopsy procedure.44 Siglen et al measured the fallback or error rates 
of the chatbot to determine its efficacy and satisfaction among patients.46 Through the first testing trial, the chatbot 
showed an expected high fallback rate of 43%, leaving a substantial fraction of wrong answers, but eventually ended with 
a fallback rate of less than 15% for its fourth and final iteration.46 Bibault et al suggested that chatbots led to higher 
patient satisfaction score in cancer counseling compared to a control physician.48 Patients in Stuij et al expressed 
a willingness to continue using a chatbot for cancer education.40 However, if some of the chatbots did not have 
satisfaction or usability assessments, acceptability was determined by the number of patients that completed the chatbot 
conversation or the length of time taken to complete chat. Three chatbots had completion rates of at least 67%,37,38,45 and 

Table 1 (Continued). 

PMID Author Study 
Design

Sample Size Significant Finding/Result Cancer 
Type

Chatbot 
Purpose

34649750 Elen Siglen 
et al46

Pilot study 2257 Final performance testing of chatbot indicated 
a fallback rate below 15%; users liked the layout 

and found the chatbot trustworthy and reader 

friendly

Breast and 
Ovarian

Cancer 
screening, 

prevention, and 

risk 
stratification

34078380 Kimberly 
A Kaphingst 

et al47

RCT 2780 The chatbot can advance the state of 
identification of unaffected patients with 

inherited cancer susceptibility and delivery of 

genetic services to those patients

No type 
specified

Cancer 
screening, 

prevention, and 

risk 
stratification

Abbreviation: RCT, Randomized Controlled Trial.
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two had low completion rates below 32%,35,39 with one averaging 10–14 min to complete the conversation with the 
chatbot.35

Performance
In addition to assessing user acceptability and satisfaction among chatbots, 12 studies assessed the effectiveness and 
usefulness of chatbots.30,34,37–42,44 Five articles discussed howchatbots significantly improved patient monitoring, 
symptom management, and medication adherence with frequent reminders.33,37,42,44,48 The majority of these studies 
found chatbots to be helpful with management of chemotherapy, radiation therapy, and other treatment-related symptoms. 
For instance, Bibault et al designed a chatbot to answer common questions asked by patients with breast cancer about 
their therapy management. These questions were related to breast cancer stages and causes, whether the cancer is under 
control, types, benefits, and side effects of treatments, and questions related to care outside of the hospital. 85% of 
patients found answers helpful compared to 82% with a physician.48 Chaix et al used a chatbot to address questions about 
breast cancer while also reinforcing medication adherence by providing prescription reminders throughout the conversa-
tions. This resulted in 88% of patients reporting that the chatbot provided them with support and helped them follow their 
treatment effectively.33 Piau et al described a chatbot that collects key patient data such as chemotherapy-related 
symptoms and adherence to medicine to optimize monitoring of older patients with cancer.37 The primary goal of the 
chatbot was to free up nurses’ time so that on phone calls, they could focus more on education and support rather than 
recording symptoms.37 Ma et al utilized a chatbot to aid self-management of symptoms such as pain, nausea, salivary 
duct inflammation, and xerostomia from radiation therapy in head and neck cancer patients, and 61% of patients reported 
that the chatbot helped with symptom self-management, reducing the need to call the care team.42 Chetlen et al used 
a chatbot to provide evidence-based answers to frequently asked questions about breast biopsy. They found that around 
25% of women in the study strongly agreed, and 49% of women agreed that the chatbot improved their quality of life and 
care.44

Other studies defined effectiveness by how much the patient learned through genetic testing39 or improved search 
ability for clinical trials compared to a control conventional interface (non-AI).34 Stuij et al’s study found that users in 
a communication skills training program claimed texts between the chatbot were “easier to read than a book” and users 
liked the generation of reminders.40 However, users preferred a conventional e-learning platform that allowed them to 
learn skills more comfortably than the somewhat fragmented approach of a chatbot.40 In addition, two studies aimed to 
improve shared decision-making, one resulting in a statistically significant improvement in knowledge of prostate cancer 
and technology use,25 and the other influencing patient beliefs in the use of HPV vaccine for cervical cancer 
prevention.32 While most of these studies demonstrated efficacy as variably defined by the authors, Kataoka et al 
reported that many times, patients “did not get a proper answer” from its chatbot.41 Thus, the chatbot only had an average 
satisfaction rating of 54%, adherence was low, and no improvement was seen in knowledge of lung cancer symptom 
management.41

Discussion
With advances in artificial intelligence and machine learning technology, increasing efforts have been made to use 
chatbots to automate specific aspects of oncological care. This review provides a more contemporary, extensive 
evaluation of chatbots in oncological care. We found that chatbots have great acceptability and efficacy in automating 
and improving aspects of oncological care, mostly due to their ability to engage in personalized conversations and 
patient-centered communication. Chatbots have high future potential to increase the outcomes of all types of oncological 
care including cancer screening, prevention and risk stratification, treatment and symptom management, patient educa-
tion, and survivorship. These improved outcomes include expansion of cancer-related information, treatment to care-
givers and doctors, and better oncological care accessibility for minority groups. Given chatbots’ ability to save operating 
costs and replace many forms of communication throughout all phases of care, they have high marketability and potential 
for widespread implementation.

Overall, most chatbots included in this study were well-received by cancer patients. The high acceptability and 
satisfaction ratings shared by many included chatbot studies could be related to ever-improving AI technology, making 
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responses by chatbots perceived as personal and caring.30,31,48 Some patients even perceived speaking with a chatbot an 
easier and more personal experience compared to healthcare providers. For example, patients from Chaix et al interacted 
with a chatbot named Vik, which used personalized text messages with combinations of questions and actions of 
contextual information to allow users access to information they would not have thought of and allowing conversations 
to be more flexible and natural.33 As further support for the success of personalized chatbots, 87% of breast biopsy 
patients from Stuij et al agreed or strongly agreed that the chatbot made it easier to understand their upcoming procedure, 
regardless of their perceived technology proficiency.44

Chatbots may also help effectively overcome communication challenges rooted in demographic disparities such as 
language barriers and low health literacy, increasing access to care for minority groups.30 Bickmore et al showed that 
36% of low literacy participants were able to find a correct clinical trial using the chatbot compared to 0% using 
a conventional search interface34 Wu et al specifically targeted Hispanic women from rural agricultural communities and 
employed a chatbot to increase their knowledge related to cervical cancer and close the knowledge gap between Latina 
women and the general population.24 With cancer screening and genetic counseling, chatbots have a high potential to 
improve the efficiency of these processes by being able to access regions outside of a local hospital or town. Heald et al 
determined that the chatbot from their study allowed more patients to receive genetic counseling and screening services 
than would have been possible through individual, in-person appointments.45 The chatbot from this study was also able 
to provide accessible and timely care to patients from broader geographical regions. Therefore, with more people having 
access to screening appointments, diagnoses can be made earlier and can possibly decrease the risk of death.

Additionally, chatbots are able to improve care outcomes by allowing education related to cancer to be extended to 
and available to caregivers, families, and even oncologists. For instance, Kataoka et al aimed to educate lung cancer 
patients and their caregivers on symptom management, but chatbot satisfaction was low.40,41 The use of a standardized 
chatbot system can save time and effort of in-person oncologists when educating these additional family members. Stuij 
et al also used a chatbot to train healthcare professionals to more effectively communicate and educate patients; the 
chatbot did not interface with the patients.40 Oncologists found the chatbot conversations more convenient to read and 
engaging than a textbook and users liked generation of reminders and personalized support, helping with their commu-
nication skills training.40 Because chatbots designed for caretakers and healthcare professionals are limited, more 
research should be done to explore how chatbots may empower these groups to better care for patients with cancer.

From a system-level perspective, with cancer-attributed costs in the United States projected to increase by 30% from 
2015 to 2030,49 rising expenditures caused by an aging and growing US population50 and increasing treatment costs only 
create more interest in the cost-saving capabilities of chatbots.24,39,44,48 This creates a significant market for chatbots in 
oncological care: with cancer being among the top 10 leading causes of death in the world51 and an extensive marathon 
process, patient communication is crucial in every phase of care given the limited amount of time doctors often have. 
Similar to how UberEats has evolved their customer service by changing to a live chat system, which starts with 
a chatbot response that filters out customer problems and redirects the customer to a human representative, the same 
counterparts can be used with cancer chatbots;52 by taking care of more basic tasks in educating patients about 
symptoms, screening for cancer, care coordination, and payments, specialized doctors can be directed to patients for 
more complex care. One specific way chatbots can be implemented to save operating costs is by automating tedious tasks 
such as collecting data about medication adherence and symptom management so nurses can devote more time to 
personalized training and support of patients.37 Piau et al found that one of the most valuable benefits patients received 
from using a conventional phone monitoring approach was moral support (44%), showing the importance of personalized 
treatment from nurses.37 By freeing up nurses’ time, chatbots, which are generally free or low cost and can be used at any 
time opposed to nurses, have the potential to save labor costs, which in 1999 accounted for 31.0% of healthcare 
expenditures in the United States.53 However, since the COVID-19 pandemic, median labor expenses in hospitals across 
the US have rose over 37%.54 With chatbots having the potential to save billions of dollars in the healthcare industry,9 

they provide a promising avenue for commercialization.
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Limitations of Chatbots
One factor that limits the utility of chatbots is that they may sometimes have difficulty understanding patients and may 
not be able to provide adequate responses to specific categories of questions at the beginning stages of use or during 
development. For example, in a study conducted in Japan, the mean satisfaction score was about 30% or more lower41 

than other studies33,37,42,44,48 mostly because this was the first chatbot educating lung cancer patients compared to 
previous chatbots mainly dealing with breast cancer.33,37,42,44,48 Additionally, Siglen et al initially had difficulty with 
chatbot-patient communication and had a high error rate, but this percentage eventually decreased in half after the final 
iteration of the study.32 However, these inaccuracies were not too significant, because more popular chatbots for breast 
cancer had very little satisfaction or engagement issues.33,37,42,44,48 Although chatbots are currently improving with more 
advanced algorithms and expanded databases, their accuracies do not need to be perfect to accomplish basic commu-
nication tasks that complement current oncological care. Based on most of the chatbots in this review, they are not 
expected to replace doctors, but primarily to assist them and improve the overall efficiency of the care process, which 
should also be the expectation for the near future given the current state of chatbot technology.

Another limitation that chatbots pose is possibly being inequitable and further excluding marginalized populations. Because 
AI chatbots only learn based on the inputs given to them such as data and algorithms, hidden bias can creep into the chatbots’ 
performance, decreasing its accuracy and possibly being harmful to patients. For instance, if training data ignore certain target 
groups such as ones with different types of accents or slang, it will skew the ability for chatbots to understand user responses and 
may possibly recommend wrong treatments, which can be detrimental. In addition, Microsoft chatbot Tay was quickly taken 
down by tweeting racist comments in 2016 since it was trained on public Twitter conversations with human biases.55 However, 
while eliminating this unconscious bias is not straightforward, it can be mitigated is by having a representational set of users and 
data as well as developers being more aware of humans’ cognitive biases. Aside from AI, despite chatbots being used to expand 
treatment to minority groups, other underprivileged groups or patients with low tech literacy that may barely be able to manage 
emails can be left behind, possibly creating challenges for implementation across all types of patients.

This review also demonstrates that the majority of chatbots are text-based or web-based, with only three studies primarily 
using voice or speech-based platforms. While text- or web-based chatbots may be technologically easier to implement, patients 
may find typing on a small keyboard or smartphone challenging and time-consuming compared to voice- or speech-based 
platforms. More research using voice-based chatbots will reveal whether they yield increased usability and satisfaction rates. 
Furthermore, only three studies included chatbots, which had avatars or visual diagrams to assist the main chatbot interface.24,25,34 

Including more realistic visual components to chatbots such as advanced, real-time animations or simulations of virtual clinical 
environments with relevant equipment can help patients fulfill their needs more efficiently. Additional possible limitations of the 
included text-based chatbots were high dropout rates and low utilization due to the need for application downloads and regular 
updates.56 Only one study from France assessed retention rates of users actively using the chatbot, which decreased by about 70% 
after 8 months.33 However, popular messaging apps such as Facebook Messenger, iMessage, Telegram, WeChat, or WhatsApp do 
not experience these types of dropout rates since they are commonly used in the general population.10 Thus, future research using 
chatbots embedded into these types of regularly used platforms can assess whether or not they increase retention rates.

Finally, regulatory and security issues will need to be addressed to fully realize the potential of chatbots in oncological care. 
While some patients report increased comfort in discussing sensitive matters with chatbots, others report concern about private 
and sensitive data being shared; Stuij et al found some patients felt vulnerable being recorded and hesitated to share sensitive 
information until they had additional conversations with the chatbot.40 Businesses and companies of these chatbots will need to 
find verifiable solutions and transparency to consumers to counteract fear and distrust. In terms of regulation, while the Food and 
Drug Administration does have a process to regulate AI-enabled products used in health care, only 0.1% of healthcare apps on the 
market in 2014 were FDA approved.57 This can be problematic for AI chatbot technologies because without human regulation to 
capture possible biases in training data, the patient can be led with false or missing information, which was the case at the Royal 
Society of Medicine, where a doctor regular tweeted complaints of Babylon’s health AI chatbot missing potentially significant red 
flag symptoms.58 In the future, more human intervention will be needed to manage and override suggestions from chatbots and 
more high-quality assurance regulations will need to be implemented, examining detailed processes on how chatbots make their 
decisions.
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Strengths and Limitations of Review
This review implemented a comprehensive search through the PubMed search engine using a wide range of keywords, 
yielding a greater number of studies involving chatbots related to oncological care than other reviews to date.6,10,12 While 
PubMed is a well-established and widely used database for biomedical research, it primarily contains studies conducted 
in the United States and other high-income countries, which may not include all relevant studies published in non- 
English languages and other countries that were not indexed. This review is also limited by the quality of available 
studies, many of which included chatbots that were still in the pilot or feasibility stage, often at single-institutions, with 
small sample sizes, heterogeneity in acceptability and efficacy data, and no long-term followup.36,41,44,47 Given such 
limited study of chatbots used in oncological care, the field has enormous potential for improvement as chatbot 
technologies advance and are increasingly implemented and studied.

Conclusion
Studies evaluating chatbots are still rare in healthcare and especially oncology. However, recent years have shown a sharp 
rise in the number of these studies, with benefits for patients, caregivers, and oncologists. This review summarizes the 
extant literature to date, demonstrating that chatbots are highly acceptable to patients as well as effective in automating 
tasks related to cancer screening, prevention, and risk stratification, treatment and symptom management, and survivor-
ship. By facilitating patient-centered communication, increasing access to care, reducing operating costs, and saving time 
for nurses and doctors, chatbots have great potential for future implementation and commercialization. However, because 
of technological complexity of AI technology, a great deal of user testing and iterative improvements are needed to 
optimize user satisfaction and acceptability before widespread implementation is possible. Therefore, over time, chatbots 
will need to have access to richer data sets to increase their knowledge of medical terms, symptoms, and treatments for 
potential widespread and more independent use.
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