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Online searches for
hepatocellular carcinoma drugs
mirror prescription trends across
specialties and changes in
guideline recommendations
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Sloan Kettering Cancer Center, New York, NY, United States, *Department of Radiology, NYU
Langone Health, New York, NY, United States

Background & aims: The treatment options for systemically progressed
hepatocellular carcinoma (HCC) have significantly expanded in recent years. In
this study, we aimed to evaluate the potential of Google searches as a reflection
of prescription rates for HCC drugs in the United States (US).

Methods: We conducted an in-depth analysis of US prescription data obtained
from the IQVIA National Prescription Audit (NPA) and corresponding Google
Trends data from January 2017 to December 2022. We focused on drugs used in
the first line and second or later treatment lines for HCC, collecting data on their
prescriptions and search rates. Search volumes were collected as aggregated
search queries for both generic drugs and their respective brand names.

Results: During the study period from Q1 2017 to Q4 2022, monthly prescriptions
for drugs used in HCC treatment showed an 173% increase (from 1253 to 3422).
Conversely online searches increased by 3.5% (from 173 to 179 per 10 million
searches). Notably, strong correlations were observed between search interest
and prescriptions for newer drugs, which indicates increasing usage, while older
drugs with declining usage displayed limited correlation. Our findings suggest a
growing role of non-physician professions in managing systemically progressed
HCC within the US healthcare system, although oncologists remained primarily
responsible for drug prescriptions.
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Conclusions: In conclusion, online search monitoring can offer the potential to
reflect prescription trends specifically related to the treatment of HCC. This
approach provides a swift and accessible means of evaluating the evolving
landscape of HCC treatment.
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Introduction

Hepatocellular Carcinoma (HCC) is one of the leading causes of
cancer-related deaths worldwide (1). Notably, most HCC patients
are diagnosed in advanced disease stages, which contributes to the
relatively high mortality rates (2, 3). Although hepatic resection is a
potentially curative option for patients with limited-stage disease,
patients with a large tumor burden who do not qualify for resection
or who experience progression post-resection or after first-line
treatment have dismal outcomes (4). To this end, systemic
treatment approaches constitute an appropriate option for
advanced and unresectable HCC (5-7). Over the past decades,
there have been significant changes in guideline recommendations
due to the emergence of immunotherapies and other targeted
therapies. These changes have been driven by the introduction of
sorafenib in 2006 (8), as well as positive results for several other
targeted therapies and drug combinations (9, 10). As such, cytotoxic
chemotherapy is no longer recommended because of its limited
efficacy and undesirable side effects. Instead, immunotherapy-based
combinations like atezolizumab plus bevacizumab, and
tremelimumab plus durvalumab, have demonstrated favorable
outcomes at a tolerable toxicity profile. Both combinations have
shown promising results, leading to FDA approvals in 2020 and
2022 (11, 12). Despite the evolving landscape of HCC treatments
and the improvements in guidelines recommendations, it however
remains unclear to which extent these trends have been
disseminated to the general public and how they have influenced
prescription behaviors (4). This is particularly important given the
increasing global incidence of HCC and the escalating influence of
non-alcoholic steatohepatitis (NASH) as the fastest-growing
underlying cause of HCC in the United States (13, 14).

Analyses of online search behavior have demonstrated the
potential to mirror public health-related trends. For example,
several studies have shown that online search behavior can
forecast and track epidemiological parameters related to
depression and cardiovascular disease (15, 16). Additionally,
online search trends have been shown to be indicative of drug
prescription trends across multiple drug classes, affirming the utility
of this approach in mirroring drug usage patterns (17). Google
Trends data, derived from the world’s leading search engine, can
serve as a valuable resource for assessing the efficacy of public health
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interventions, primarily due to its broad accessibility (18). As such,
Google search data can complement conventional epidemiological
approaches and contribute to the monitoring of public
health trends.

Given the advances in systemic treatment options for HCC and
recent revisions in guideline recommendations, our study aims to
offer a comprehensive overview of the fluctuations in online search
activity and prescription patterns of drugs used for HCC treatment
across various medical specialties. Additionally, we aimed to
evaluate whether online search behavior can reflect changes in the
prescription activity of HCC-directed drugs, thus reflecting
adoption of drugs following authority approval.

Methods

We queried drug prescriptions from the IQVIA National
Prescription Audit (NPA). This database provides information on
US outpatient prescription activity. NPA covers approximately 93%
of nationwide outpatient prescription activity and uses that sample
to project a reliable national estimate for all prescriptions dispensed
in the US. Additional details of the data collection process can be
found elsewhere (19). Prescription information were queried for
drugs/drug combinations used as first line therapy for treatment of
HCC (sorafenib, lenvatinib, bevacizumab/atezolizumab,
tremelizumab/durvalumab); second line (cabozantinib,
ramucirumab, regorafenib); or as further drugs for HCC
treatment (pembrolizumab, nivolumab). Prescription activity was
retrieved as total prescriptions of drugs across clinician specialties
per month. Data on newly prescribed drugs (NRx), which include
both new prescriptions as well as the renewal of expired
prescriptions, were utilized to reflect changes in prescription
patterns. For further analysis of drug combinations, individual
data for each drug within the respective drug combination were
utilized (instead of averaging data across multiple drug
combinations). With respect to prescriber information, NPA-
reported specialties nurse practitioners and physician assistants
were grouped as Advanced Practice Providers (APP), and
oncology and hematology specialists as oncology. We further
categorized family practice, general practice, general preventive
medicine, geriatrics, hepatology, internal medicine, internal
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medicine/pediatrics, osteopathic medicine, and pediatrics
as internists.

Online search data were queried from Google Trends as query
fractions per 10 million searches for drugs representative of HCC
drug classes from January 1, 2017 to December 31, 2022 as
previously described (17, 20). We queried selected terms
representative for first-line therapy, second-line therapy, and
other drugs used for HCC treatment. The queried drugs were
identical to those extracted from the IQVIA database. We
additionally extracted search data for both the generic drug name
and the respective brand name for all relevant drugs. Queried brand
names were: Cabometyx (cabozantinib), Lenvima (lenvatinib),
Stivarga (regorafenib), Keytruda (pembrolizumab), Opdivo
(nivolumab), Avastin (bevacizumab), Tecentriq (atezolizumab),
Nexavar (sorafenib), Yervoy (ipilimumab), Cyramza
(ramucirumab), Imjudo (tremelimumab), and Imfinzi
(durvalumab). For an individual drug, analyses considered both

10.3389/fonc.2024.1324095

brand names and generics as aggregate search data to provide a
general estimate for public interest in the respective drug.

All analyses, including the calculation of Spearman’s rank
correlation coefficients, were performed using Python 3.9.13
(Python Software Foundation, Delaware, USA) with Anaconda
Distribution (version 2022.10) as well as the NumPy, Matplotlib
and Pandas libraries.

Results

Online search data were retrieved as queries per 10 million
searches and prescriptions as the total number of newly dispensed
drugs in the US. Data are subsequently shown according to the
recommended treatment lines for HCC (6, 7). Overall, during our
study period, monthly prescriptions of drugs used for HCC
treatment increased by 173% between the first quarter (Q1) 2017
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FIGURE 1

Trends in prescription and online search activity for first-line HCC drugs between 2017 and 2022 for the United States. (A) Prescription rates as
quarterly average of prescription for HCC first-line drugs sorafenib, lenvatinib, atezolizumab, tremilimumab, bevacizumab, durvalumab and (B)
corresponding online search volumes as searches per 10 million searches for aggregated brand and generic names.
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first-line drugs was observed for lenvatinib (r=0.90), followed by a
less strong correlation for bevacizumab (r=0.45) and atezolizumab
(r=0.33). Conversely, for sorafenib, which represented a drug with
an overall decreasing prescription activity, no correlation was
observed (r= -0.13).

Drugs used for second or later
treatment lines

Next, data for second-line prescription treatments for HCC
were queried, including cabozantinib, regorafenib, and
ramucirumab. Among these, cabozantinib stood out with the
highest prescription rate and search volumes (Figures 2A, B).
Monthly prescriptions for cabozantinib increased by 38% (from
1,062 in Q1 2019 to 1,466 in Q4 2022) (Figure 2A), which coincided
with a 15.4% decrease in online search activity (Figure 2B). Search
activity for cabozantinib reached its peak in Q1 2022 but has since
experienced a decline. Prescriptions for ramucirumab decreased by

10.3389/fonc.2024.1324095

52.6% from 19 to 9 between Q2 2019 and Q4 2022 (Figure 2A),
which was paralleled by a 24.9% decline in online search activity
(3.69 to 2.77 per 10 million searches) (Figure 2B). Regorafenib
prescriptions increased by 237.7% between Q2 2017 and Q4 2022
(106 to 358) (Figure 2A) with a corresponding decrease of 29.1% in
search volume (4.50 to 3.19 per 10 million searches) (Figure 2B).
The overall correlation coefficients were 0.67, 0.23, and -0.06 for
cabozantinib, ramucirumab, and regorafenib, respectively (Table 2).

Additional drugs for second-line HCC treatment and beyond
are shown in Supplementary Figure 1. As such, pembrolizumab
prescriptions increased by 146.5% after FDA approval in Q4 2018
until Q4 2022 (101 to 249 monthly prescriptions) (Supplementary
Figure 1A). Correspondingly, online searches increased by 13.75%
(from 60.09 to 68.35 per 10 million searches) during the same
period (Supplementary Figure 1B). In contrast, nivolumab
prescriptions decreased by 4.3% from Q3 2017 to Q4 2022 (117
to 112 monthly prescriptions) (Supplementary Figure 1A) with a
corresponding decrease of 41.47% in search volume (43.81 to 25.64
per 10 million searches) (Supplementary Figure 1B). Correlation
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2022

Trends in prescription and online search activity for second-line HCC drugs between 2017 and 2022 for the United States. (A) Prescription rates as
quarterly average of prescription for HCC second-line drugs regorafenib, cabozantinib, ramucirumab and (B) corresponding online search volumes
as searches per 10 million searches for aggregated brand and generic names.
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FIGURE 3
Prescription activity for drugs used for HCC treatment across specialties between 2017 and 2022. Absolute numbers for HCC drug prescriptions and
relative proportion in % of all HCC drug for the following selected specialties (A) oncologists, (B) advanced practice providers and (C) internists.

coefficients between online searches and prescription activity for
pembrolizumab were 0.54, while a correlation coefficient of 0.36
was noted for nivolumab (Table 2).

Prescription activity across specialties
Most prescriptions for HCC drugs were issued by oncologists,

APPs, and internists. Oncologists accounted for the largest share of
prescriptions between 2017 and 2022, although their proportion
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decreased from 79.17% in January 2017 to 72.40% in December
2022 (Figure 3A). In contrast, APPs increased their share from
6.37% in January 2017 to 16.53% in December 2022 (Figure 3B).
The proportion of prescriptions by internists remained relatively
constant, starting with 6.84% in January 2017 and increased to
7.30% in 2022 (Figure 3C). Drug choice trends for both first- and
second-line treatments exhibited similar patterns across the three
primary prescribing specialties, as shown in Figures 4, 5. Notably,
lenvatinib accounted for the largest share of prescriptions after its
approval in 2018, while the shares of sorafenib and atezolizumab
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FIGURE 4

First-line drug choices for HCC treatment across specialties. Monthly share for approved first-line drugs (sorafenib, lenvatinib, atezolizumab) as a
proportion of aggregated prescriptions of all first-line HCC drugs. Data are shown in % for the following selected specialties (A) oncologists, (B)
advanced practice providers and (C) internists. Share of atezolizumab in prescriptions were considered representative for the combination therapy
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decreased significantly (Figure 4). Cabozantinib emerged as the
most prescribed second-line drug across all specialties, followed by
regorafenib. There were only few prescriptions for ramucirumab
(Figure 5). As additionally shown in Supplementary Figure 2, APPs
had a greater involvement in prescribing orally administered HCC
drugs (lenvatinib, cabozantinib, sorafenib, regorafenib) compared
to intravenous administered HCC drugs (atezolizumab,
pembrolizumab, nivolumab, ramucirumab) (14.1% vs. 5.9%).
These findings suggest that APPs may play a more prominent
role in prescribing small molecule inhibitors.

Frontiers in Oncology

Discussion

Our study provides a comprehensive analysis of prescription rates
and online search volumes, as an indicator of public awareness, for
drugs used in the treatment of HCC between 2017 and 2022. Notably,
clear correlations between prescription rates and online searches were
observed for a select group of HCC drugs. The correlation between
prescription trends and online search activity was most pronounced for
drugs that had an overall increasing trend. This was particularly notable
for lenvatinib and cabozantinib. In contrast, drugs with decreasing
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Second-line drug choices for HCC treatment across specialties. Monthly share for approved second-line drugs (regorafenib, cabozantinib,
ramucirumab) as a proportion of aggregated prescriptions of all second-line HCC drugs. Data are shown in % for the following selected specialties
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prescriptions rates or those with relatively low prescription activity
demonstrated minimal to no correlation.

This study is the first to both analyze prescription drug usage for
treatment of HCC and evaluate the potential of online search
monitoring to understand therapeutic adoption of updated guidelines
for systemic HCC therapy. Despite the approval of several drugs in
newer years, including the FDA’s October 2022 approval of the
combination tremelimumab with durvalumab, effective monitoring
of prescription activity changes beyond official prescription accounts
has been lacking (21). Our data demonstrate the potential of Google
search analyses to offer near real-time monitoring and a potential to
complement conventional prescription trends.

Frontiers in Oncology

Since its approval in 2018, lenvatinib was broadly applied for HCC
treatment. Its exceptionally high correlation of 0.90 suggests that Google
trends analysis is well-suited to provide a qualitative assessment of the
drug’s adoption. Atezolizumab’s correlation of 0.33 also suggests that the
first-line combination of atezolizumab with bevacizumab might also be
represented by our Google search analysis. However, with respect to
lenvatinib, overall trends were similar but less strong. Sorafenib did not
show any correlation, suggesting that drugs of declining usage did not
show signs of correlation and are therefore more likely to stabilize or show
a slight decrease in online searches. For example, a previous study dealing
with prescription trends of SGLT2 inhibitors and GLP1 receptor agonists
reported similar association patterns (17). Thus, the increase in
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tremelimumab queries, as noted in Q4 2022, may precede a potential
future rise in prescriptions.

Cabozantinib, the most applied drug in second-line treatment
as well as pembrolizumab, frequently applied beyond first- or
second-line treatment, showed highest correlation. However, in
absolute terms the degree of correlations was relatively lower
when compared to lenvatinib.

Treatment guidelines play an important role in informing
prescribing decisions by providing recommendations for the use of
specific drugs in the management of particular medical conditions.
Lenvatinib and cabozantinib have rapidly integrated into guidelines for
renal cell carcinoma (RCC) and HCC (22, 23). Notably, NCCN
guidelines introduced cabozantinib for advanced HCC in 2019 (22)
and lenvatinib for unresectable HCC in 2018 (24). Consistent with
these updates, our data show parallel surges in prescriptions and online
searches post-approval and guideline revisions.

Overall, these findings further underscore the observation that online
search activity might predict the future prescription distribution of drugs
applied for HCC treatment. In terms of prescribing specialties, APP
experienced the most prominent increase with 2.6-fold higher
prescription activity for APP-related specialties during the study
period. This finding particularly highlights the growing involvement of
non-physician professions in HCC treatment within the US healthcare
system. As such, APP like nurse practitioners and physician assistants are
increasingly vital members of oncology teams in the United States (25,
26). Our data indicated that there were no relevant differences in HCC
prescription activities between medical specialties and APP. Thus, the
present analysis highlights the potential efficacy of HCC treatment
delivery by APPs. This underscores the well-established benefits of
enhanced access and cost-effectiveness associated with APP
involvement in the management of oncology patients (27). This study
has limitations. Prescription data provided by the National Prescription
Audit is sampled from outpatient pharmacies only and extrapolated to
estimate all prescriptions, which may allow for some errors. The IQVIA
NPA database may not be comprehensive, as it excludes prescriptions
filled at hospitals, clinics, or mail-order pharmacies. Data are provided as
continuously updated numbers on a monthly basis, potentially lagging
behind the latest prescription trends. Thus, this study does not capture
the complete picture of all prescriptions, but rather focuses on a subset of
new prescriptions. Nevertheless, this approach is particularly sensitive to
changes in guidelines and drug approvals. Drugs analyzed in this study
are not limited in their use cases to therapy of HCC. For some drugs,
most of their prescriptions could be attributed to other disease types.
Lastly, there is no information regarding the users utilizing drug internet
searches. It is not clear whether search requests are generated by
professionals, patients, or another unknown group. Demographic
characteristics of those individuals most prone to utilizing Google
Technology, such as IT capability and age, may influence results and
distort this study’s findings. The absence of demographic data on online
search activities overall generalizability might constitute a potential
limitation. For future research, incorporating user surveys or platform
partnerships might allow for more nuanced analyses across diverse
populations. Additionally, spikes in search queries could be driven by
factors other than prescription increase, such as media coverage or social
media trends. In terms of correlation analyses, correlative trends between
Google Trends data and prescription trends do not imply causation.
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This study comprehensively provides trends in prescriptions
and online search activity for drugs used for HCC treatment. Our
study reveals striking correlations between online search trends and
prescribed HCC treatments, suggesting that online search data can
be a powerful tool for tracking evolving treatment landscapes,
especially for newly approved drugs or those with changing
guidelines. Thus, our data underscore the value of utilizing online
search data as a highly effective and timely tool for gaining insights
into the evolving landscape of HCC treatments.
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