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Purpose: Mounting evidence has revealed the anti-cancer activity of various
anti-viral drugs. Oseltamivir phosphate (OP), namely Tamiflu®, is routinely used
to combat influenza infections. Although evidence has indicated the anti-cancer
effects of OP in vitro and in vivo, little information is known about the effect of OP
use on cancers in humans.

Methods: A nationwide population-based cohort study involving 13,977,101
cases with 284,733 receiving OP was performed to examine the association
between OP use and cancers using the National Health Insurance Research
Database in Taiwan between 2009 and 2018.

Results: The cohort study found that OP users showed a significantly lower
incidence of lung cancer, colon cancer, liver, and intrahepatic bile duct cancer,
oral cancer, pancreas cancer, esophagus cancer, stomach cancer, and prostate
cancer. Additionally, OP users exhibited a lower risk of cancer-related mortality
(adjusted HR=0.779; 95% confidence interval [CI] 0.743-0.817; p<0.001) and a
reduced risk of developing liver cancer (adjusted HR=0.895; 95% CI 0.824-0.972;
p=0.008), esophagus cancer (adjusted HR=0.646; 95% CI 0.522-0.799; p<0.001)
and oral cancer (adjusted HR=0.587; 95% CI 0.346-0.995; p=0.048). Notably, OP
users had a significant reduction in liver cancer occurrence over a 10-year period
follow-up and a lower cancer stage at liver cancer diagnosis.

Conclusion: These findings first suggest the beneficial effects and therapeutic
potential of OP use for certain cancers, especially liver cancer.
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Introduction

Mounting studies on anti-viral drugs have been focused on their
anti-cancer properties (1). Acyclovir, as a synthetic nucleoside analog for
attenuating the proliferation and spread of the herpes virus, has been
reported to reveal benefit potentials when used as an adjuvant for the
treatment of breast cancer (2). Acyclovir disrupts and hinders the
proliferation and colony formation of breast cancer cells and inhibits
their invasion, without affecting the expressions of metastasis-related
genes (2). Azido thymidine (AZT), the first licensed drug for HIV
therapy, has also been reported to exhibit inhibitory effects against a
variety of cancer types, including leukemia, lymphoma, Kaposi sarcoma,
and pancreatic cancer, by leading apoptosis (3). Brivudine, an antiviral
medicine against herpes simplex virus (HSV), also exhibited anti-cancer
properties by suppressing chemoresistance in both animal experiments
and pancreatic cancer patients (4, 5). Nelfinavir, a protease inhibitor
against HIV infection, also showed anti-cancer activity by inhibiting
Akt-signaling and inducing endoplasmic reticulum (ER) stress in
NSCLGCs, ovarian cancers, liposarcomas, and breast cancers (6, 7).
These findings strongly indicated the anti-cancer properties of anti-
viral drugs (AVD) and attracted intensive attention to investigating the
potential of AVD in cancer therapy.

Increasing experience regarding the perilous consequence of
emerging respiratory viruses caused by influenza has received
intensive attention in recent decades (8). Although influenza vaccines
provide a crucial tool for influenza virus prevention, the efficacy for
preventing annual influence epidemics is still limited (8, 9). To address
and overcome this issue, inhibitors have been synthesized to target
influenza viral components such as neuraminidase enzymes,
hemagglutinin proteins, Matrix-2 (M2) protein ion channels,
nucleoproteins, and RNA-dependent RNA polymerases (10, 11). To
date, the currently available anti-influenza drugs such as peramivir,
zanamivir, oseltamivir (OP), and rimantadine are obtained through
chemical modifications of clinically used drugs, which exhibit
inhibitory activity to their target viral component (12, 13).

Oseltamivir, namely Tamiflu®, approved in late 1999 is a
further sialidase-targeted anti-influenza drug based on zanamivir
(14, 15). As a well-tolerated neuraminidase inhibitor, oseltamivir
significantly ameliorates the symptomatic illness and accelerates the
return to normal activity levels in patients with natural influenza
infection (16-18). Notably, evidence has indicated that OP reveals
anti-proliferative and anti-metastatic effects on various cancer cell
types like hepatic, pancreatic, and breast cancer cells (19-21),
suggesting the anti-cancer potentials of OP. Additionally, our
recent study demonstrated the cytotoxic effects of OP on liver
cancer cells both in vitro and in vivo by inducing apoptosis and
autophagy (21). However, the clinical information for OP use and
human cancers remains lacking. Therefore, the current study
further investigated the association between OP users and the risk
of different cancers, especially HCC, by conducting a large-scale
nationwide cohort in the Taiwan National Health Insurance
Research Database (NHIRD) retrospectively.
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Materials and Methods
Data source

This study employed an observational retrospective cohort
design. All the data utilized in this study were sourced from the
National Health Insurance Research Database, Ministry of Health
and Welfare (NHIRD_MOHW) at the Health and Welfare Data
Science Center in Taiwan (grant no. H110290). The NHIRD was
established in conjunction with an insurance program launched in
Taiwan in 1995. At present, nearly 99% of Taiwan’s residents are
enrolled in this program, which covers the cost of ambulatory care,
inpatient services, dental treatments, medications, invasive
procedures, and surgeries through Taiwan’s national health
insurance program. Consequently, the NHIRD houses an
extensive repository of healthcare information and ranks among
the most comprehensive administrative health databases
worldwide. Numerous epidemiological and comparative
effectiveness studies have been previously published using the
NHIRD in various prestigious journals. To protect individuals’
privacy and maintain data security, personal information and
identification were anonymized. As a result, our study was
exempted from requiring informed consent, and the study
protocol received approval from the Institutional Review Board of
the Chung Shan Medical University Hospital (CS2-21180). Data in
this study were retrieved and analyzed from the Health and Welfare
Data Science Center in Taiwan.

Patients with oseltamivir use

Patients who had received treatment with OP were identified by
corresponding drug codes in NHIRD between January 1, 2009, and
December 31, 2018. The date when the patients received the
prescription of OP for the first time was defined as the index date
and the age of each individual was determined based on the index
date. To ensure the integrity of the study, several exclusion criteria
were applied. We excluded Individuals who had died before the
index date, cases registered more than once in the database, were
under the age of 20, had unknown gender, had used other
neuraminidase inhibitors before and during the follow-up period,
and had been diagnosed with any type of malignancy before the
index date.

Control group

Patients without a prescription for OP were identified between
2009 and 2018 to be included in the control group. The index dates
of patients in the control group were randomly assigned. The
control group’s exclusion criteria align with those of the patients
with OP use.
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Outcome ascertainment

Identification of the outcome was based on the International
Classification of Diseases for Oncology, Third Edition (ICD-O-3)
codes. The study aimed to investigate the occurrence of common
types of cancer in Taiwan, including “trachea, bronchus, and lung
cancer”’(C34), “colon, rectum, and anus cancer’(C18), “breast
cancer”(C50), “liver and intrahepatic bile duct cancer”(C22), “oral
cancer’(C04), “pancreatic cancer”(C25), “esophageal cancer”(C15),
“gastric cancer”(C16), “prostate cancer’(C61), and “ovarian
cancer”(C56). To ensure the accuracy of cancer diagnoses, patients
who were counted as having canners were also required to possess a
valid certificate of major illness specifically for cancer, in addition to
having the aforementioned diagnostic codes. Patients with serious
diseases, such as cancer, autoimmune diseases, or type-1 diabetes, are
eligible to apply for a certificate of major illness under the Taiwan
National Health Insurance system, thereby enhancing the reliability of
the study’s findings.

Follow-up

Individuals were followed from the index date, until the date of
their cancer diagnosis, death, or end of the study period (December
31, 2018), whichever came first. Patients who died before cancer
diagnosis would be treated as censoring.

Statistical analysis

Continuous variables were presented as mean and standard
deviation (SD), while categorical variables were presented as counts
and percentages. Independent sample t-tests or Pearson chi-squared
tests were used to compare the demographic differences between
patients with and without the use of OP. The Kaplan-Meier method
was used to estimate the cumulative incidence rate of liver cancer

10.3389/fonc.2024.1329986

between OP users and non-users. The Cox regression was used to
derive hazard ratio for developing malignancy. Multivariate analysis
was performed with adjustment for age, gender. A two-tailed P-value
less than 0.05 was considered significant. All data processing and
statistical analysis were conducted using Stata 15 software (StataCorp,
College Station, TX, USA).

Results
Participants’ characteristics

Figure 1 shows the flowchart of participant selection in this
population-based study. Characteristics of participants are shown in
Table 1. This cohort study encompassed 13,977,101 individuals.
Among these cases, 284,733 individuals (2.04%) had a history of
receiving at least one OP administration and the other 13,692,368
(97.96%) individuals received no OP administration. Significant
disparities were observed in terms of gender and age distribution
between these two cohorts (Table 1). Upon closer examination of
the age variable, the OP use group exhibited a noteworthy
concentration of individuals aged 20 to 39 years (p<0.001).
Conversely, the group without OP use showed a significantly
prominent cluster of individuals aged 40 to 59 years (p<0.001),
aged 60 years and those above (p<0.001). Remarkably, within OP
use group, a total of 7,113 patients (2.5%) were diagnosed with
malignant tumors. Within the non-OP use group, a total of 509,267
patients (3.7%) were diagnosed with malignant tumors (Table 1).

Correlation between OP use and cancers

To investigate the correlation between OP use and the top 10
common cancers in Taiwan, chi-squared tests were performed. As
shown in Table 2, a significant difference was observed between OP
use group and non-OP use groups in lung cancer (64,179 patients,

Outpatient and inpatient of Taiwan’s National Health Insurance Database

2009-2018

Exclusion criteria Cancer before index date

(N=13,977,101)
1.Mortality before tracking
2.0ther neuraminidase inhibitors

3.Age <20 years
4.Sex unknown
5.Data missing

|

Control group:
Patients without
Oseltamivir phosphate
use history

(N=13,692,368)
Without any caner
diagnosis
(N=13,183,101)

Diagnosed with
any caner
(N=509,267)

FIGURE 1

Without any caner
diagnosis
(N=277,620)

6.Repeated cases
7.Cancer prior to index date

Study group:
Patients with
Oseltamivir phosphate
use history
(N=284,733)

|

Diagnosed with
any caner
(N=7,113)

Flowchart of participant selection in a population-based study from Taiwan National Health Insurance Database.
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TABLE 1 Demographic characteristics of participants.

. Non-OP use
Variable group P value

Total 13,977,101 100% 284,733 100% 13,692,368 100%
Gender <0.001
Male 6,491,215 46% 127,780 45% 6,363,435 46%

Female 7,485,886 54% 156,953 55% 7,328,933 54%

Age, years 46.5+16.2 40.34+15.5 46.7+16.2 <0.001
20-39 5,349,323 38% 159,254 56% 5,190,069 38% <0.001
40-59 5,444,928 39% 87,807 31% 5,357,121 39% <0.001
> 60 3,182,850 23% 37,672 13% 3,145,178 23% <0.001

Overall cancers 516,380 100% 7,113 2.5% 509,267 3.7%

OP, Oseltamivir phosphate; N, Number.

12.43%, p<0.001), colon cancer (47,223 patients, 9.15%, p<0.001),  As shown in Table 3, the negative association between OP use and
liver and intrahepatic bile ducts cancer (58,259 patients, 11.28%,  mortality in all cancer incidence was observed after controlling for
p<0.001), oral cancer (1,522 patients, 0.29%, p=0.002), pancreas  other covariates (adjusted HR=0.779; 95% CI 0.743-0.817; p<0.001).
cancer (11,932 patients, 2.31%, p<0.001), esophagus cancer (9,450  The correlation between OP use and the incidence rates of different
patients, 1.83%, p<0.001), stomach cancer (11,101 patients, 2.15%,  cancer was further investigated. Notably, OP use revealed a negative
p<0.001) and prostate cancer (25,749 patients, 4.99%, p<0.001). association with the risk of developing liver cancer (adjusted
HR=0.895; 95% CI 0.824-0.972; p=0.008), oral cancer (adjusted

Risk of different cancers in individuals with  HR=0.587; 95% CI 0.346-0.995; p=0.048) and esophageal cancer
OP use (adjusted HR=0.646; 95% CI 0.522-0.799; p<0.001) as compared to
the control group. Notably, Figure 2 demonstrated the Kaplan-

The overall mortality rate (death due to cancer) of the top ten ~ Meier failure curves for the individuals with OP use and those
cancers in Taiwan was analyzed after adjusting for age and gender. ~ without OP use on the risk of developing liver cancer over a 10-year

TABLE 2 Association between OP use and non-OP use in top 10 cancers in Taiwan.

Non-OP use
group P value
[\ 74
Overall cancers 516,380 100% 7,113 100% 509,267 100%
Lung cancer 64,179 12.43% 739 10% 63,440 12.46% <0.001
Colon cancer 47,223 9.15% 544 8% 46,679 9.17% <0.001
Breast cancer 58,956 11.42% 1,160 16% 57,796 11.35% 0.231
Liver and intrahepatic bile ducts cancer 58,259 11.28% 626 9% 57,633 11.32% <0.001
Oral cancer 1,522 0.29% 14 0.2% 1,508 0.30% 0.002
Pancreas cancer 11,932 2.31% 119 1.7% 11,813 2.32% <0.001
Esophagus cancer 9,450 1.83% 86 1.2% 9,364 1.84% <0.001
Stomach cancer 11,101 2.15% 116 1.6% 10,985 2.16% <0.001
Prostate cancer 25,749 4.99% 267 3.8% 25,482 5.00% <0.001
Ovary cancer 5,506 1.07% 93 1.3% 5,413 1.06% 0.067

OP, oseltamivir phosphate; N, Number.
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TABLE 3 Crude and adjusted hazard ratios for incidence of cancers in patients with OP use.

Variables Crude HR 95% Cl P value Adjusted HR 95% Cl P value
Mortality * 0.363 0.346-0.381 <0.001 0.779 0.743-0.817 <0.001
Lung cancer 0.511 0.475-0.550 <0.001 0.982 0.913-1.055 0.619
Breast cancer 0.852 0.804-0.903 <0.001 1.049 0.989-1.112 0.110
Colon cancer 0.505 0.465-0.550 <0.001 0.942 0.866-1.025 0.166
Liver cancer 0.489 0.451-0.531 <0.001 0.895 0.824-0.972 0.008
Stomach cancer 0.467 0.389-0.561 <0.001 0.908 0.756-1.091 0.304
Prostate cancer 0.451 0.400-0.509 <0.001 1.018 0.902-1.149 0.767
Pancreas cancer 0.446 0.372-0.534 <0.001 0.852 0.711-1.021 0.083
Ovary cancer 0.741 0.604-0.910 0.004 0.877 0.714-1.078 0.213
Oral cancer 0.408 0.241-0.691 0.001 0.587 0.346-0.995 0.048
Esophagus cancer 0.409 0.331-0.507 <0.001 0.646 0.522-0.799 <0.001
Bile duct cancer 0.413 0.316-0.540 <0.001 0.772 0.591-1.010 0.059

OP, oseltamivir phosphate; *, death due to cancer.

period and showed that OP users has a lower risk of liver cancer
compared to non-OP users.

Correlation between OP use and
malignancy grade and cancer stage of
liver cancer

To investigate the correlation between the use of OP and cancer
status, further determination of liver cancer grade and stage was
conducted. Table 4 represents the distribution of OP use and non-
OP use group across different tumor differentiation grades and
cancer stages. Patients who received OP exhibited a significantly
lower cancer stage at the time of liver cancer diagnosis (p<0.0001),
whereas no significant correlation was observed with tumor
differentiation grade (Table 4).

0es OP users (N=284,733)
non OP users (N=13,692,368)

:—.3 0.04 HR=0.489, 95% C1:0.451-0.531, p<0.001
=
©
S
=
.ﬂi 0.03
-
o
Z 002
E
[
E-3
° 001
) %ﬁ

0

2000 4000
Analysis time (days)
— OP users — non OP users
FIGURE 2

Kaplan-Meier failure curves with development of liver cancer
stratified by oseltamivir phosphate (OP) use. This follow-up study
was up to 10 years and the probability of developing liver cancer
was greater among non-OP users (blue) compared with the OP
users (red).
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Discussion

Despite common practices including prevention through
vaccination, improved control of hepatitis, and advances in anti-
viral medication, the incidence of HCC continues to exhibit as the
seventh most frequently diagnosed cancer and the third leading
cause of cancer-related mortality worldwide (22, 23). This study
retrospective cohort reported a reduced risk of mortality observed
in all cancer patients with prior OP use. Additionally, significantly
lower incidence of the liver (adjusted HR=0.895; 95% CI 0.824-
0.972; p=0.008), oral (adjusted HR=0.587; 95% CI 0.346-0.995;
p=0.048) and esophageal cancers (adjusted HR=0.646; 95% CI
0.522-0.799; p<0.001) were found in the group that had OP use.
Notably, a markedly lower cumulative occurrence rate of liver
cancer over the 10 years was detected in OP users as compared to
non-OP users. The HCC patients who had used OP revealed a lower
cancer stage at diagnosis. For the first time, this study represents the
initial investigation in the human population elucidating the
relationship between OP use and the occurrence of cancer within
a real-world context.

The growing interest in studying the therapeutic potentials of
OP for diverse diseases extends beyond its well-established anti-
influenza activity, especially in cancer therapy. A previous report
indicated that intraperitoneal OP injection as a monotherapy
significantly reduced tumor vascularization and growth rate in a
mouse model of human breast adenocarcinoma (24). In a study of
pancreatic cancer, administration of OP in conjunction with aspirin
has been proposed as a potential strategy to enhance the efficacy of
gemcitabine, the standard chemotherapeutic agent for human
pancreatic cancer, by reducing proliferation, metabolic activity,
migration, and clonogenic formation on pancreatic cancer cells
via targeting Neu-1 (25). Another investigation of human triple-
negative breast cancer indicated that the concurrent administration
of metformin, acetylsalicylic acid, and OP demonstrated a notable
reduction in MDA-MB-231 triple-negative-breast cancer cells and
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TABLE 4 Tumor grade and stage in liver cancer patients with or without OP use.

Liver cancer

Variables

Liver cancer P value

with OP use without OP use
\|
Grade 465 44,199 44,664 0.6
Grade 1 17 1,442 1,459
Grade 2 76 7,623 7,699
Grade 3 47 3,371 3,418
Grade 4 4 277 281
Unknown 321 31,486 31,807
Stage 554 48,721 49,275 <0.0001
Stage 1 249 17,892 18,141
Stage 2 97 8,479 8,576
Stage 3 98 12,059 12,157
Stage 4 46 6,030 6,076
Unknown 64 4,261 4,325

OP, oseltamivir phosphate; N, Number.

its tamoxifen-resistant variant by inducing apoptosis (26). Based on
the fact that combination therapy is currently one of the most
popular strategies for cancer treatment (27, 28), this result pointed
out the potential of the combinatorial approaches of OP with other
medicines on treatments of certain cancer types.

Previous clinical trials have shown that OP is well-tolerated
with the only clinically significant adverse event being mild
gastrointestinal discomfort (29). A similar report was also
revealed in recent clinical trials that asymptomatic and transient
elevation of aminotransferase (ALT) are observed in 2% of patients
receiving OP with no instance of acute liver failure manifestations
(30). Additionally, resistance to OP is rarely seen in influenza A
virus-infected children with the highest incidence of 5%. Less
virulent and replication-efficient were detected in the OP-resistant
influenza viruses than in their parent strains (29). These studies
may provide credible references for the medication of OP on drug
safety and efficacy in treating liver cancer.

Oseltamivir is known to disable human pancreatic cancer
(PANC1) cell survival by inhibiting NEU-1 (sialidase) activity
and its intrinsic signaling (20). Evidence has indicated that OP
overcomes the chemoresistance to cisplatin and gemcitabine in
PANCI cells by reversing changes in E-cadherin and N-cadherin
expressions (20). Notably, highly expressed NEU 1 in HBV-related
HCC tissues is due to the binding of HBV core protein to NF-kB on
NEU-1 promoter that leads to oncogenic signaling and epithelial-
mesenchymal transition (EMT) in HCC cells (31). Hence, these
findings may suggest a possible rationale that OP attenuates the
development of HCC by disabling the NEU-1 activity and its
downstream signaling.

In addition to liver cancer, our results also revealed a
significantly lower incidence of oral and esophagus cancers in OP
users. However, the reason for this finding remains unclear. As
known, the major etiological factors of oral and esophagus cancers

Frontiers in Oncology

are tobacco chewing, betel nut, and alcohol consumption, which
lead to the development of squamous cell carcinoma, the most
prevalent histopathological subtype in oral and esophagus cancers
(32). Notably, a previous case report indicated that the elevation of
squamous cell carcinoma antigen is due to influenza B infection
(33). Another study also reported that Unc-93 homolog Bl
(UNC93B1), a transmembrane protein correlated with influenza
infection, plays essential roles in oral squamous cell carcinomas by
regulating GM-CSF levels (34). These findings suggest a possible
link between influenza infection and squamous cell carcinoma and
provide a rational explanation for the lower incidence of oral and
esophagus cancers in OP users. Anyway, further investigations are
required to verify the underlying mechanism of OP in attenuating
oral and esophagus cancers.

Understanding the stage of cancer and the grade of tumor
differentiation is critical for the treatment and outcome prediction of
cancer patients [32, 35, 36; American Joint Committee on Cancer (37);
38, 39]. The differentiation grade and cancer staging were assessed
using the AJCC 8th Edition Staging System, where lower numerical
values indicate milder tumor differentiation and earlier stages of cancer
progression, while higher values reflect increased malignancy and
advanced disease stages [36; American Joint Committee on Cancer
(37); 38, 39]. Leveraging data from the cancer registry database, we
analyzed the tumor differentiation grade and cancer staging among
liver cancer patients. In this nationwide retrospective cohort study, we
found that HCC patients with prior OP use had a significantly lower
HCC stage at diagnosis but no difference in tumor cell differentiation
grade. Although the exact causation of this finding is unclear, one
possible explanation is that the migration and invasion abilities of OP-
treated HCC cells are significantly attenuated as we proposed
previously (21).

Regarding this study, there is a particularly noteworthy issue
worth mentioning. We did not examine whether the use of other
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anti-influenza drugs such as inhibitors against hemagglutinin
protein, the Matrix-2 (M2) protein ion channel, nuclear proteins,
or RNA-dependent RNA polymerase (RdRP) may serve as a
confounding factor. Although Amantadine, an M2 inhibitor, has
been approved for influenza by the Food and Drug Administration
(FDA) in Taiwan, it has been obsoleted for treating influence use
due to its prevalent strains such as HIN1 has gained drug resistance
and the serious neurological adverse effects (40-42). Baloxavir
marboxil, a class of polymerase inhibitors, has also been approved
by Taiwan FDA since 24/06/2019. However, the included timeline
of this study is from 2009 to 2018. Additionally, other anti-influenza
drugs such as Rimantadine (M2 inhibitor) and Favipiravir (RNA
polymerase inhibitor) have not yet been approved by the FDA in
Taiwan. Therefore, this drug will not be a confounding factor.
However, further research design and evaluation are required to
verify the precise influence of these anti-influenza inhibitors in liver
cancers. Some potential limitations in this study also need to be
mentioned. Firstly, it is difficult to describe whether OP use reduces
the onset or progression of liver cancer in this study. Conducting
such a study within the National Health Insurance Research
Database (NHIRD) is challenging due to confounding effects
resulting from various cancer therapies that patients typically
receive after diagnosis, making it toilful to isolate the specific
impact of OP on cancer progression. Another limitation of our
study is that it combined patients who were prescribed multiple OP
courses, but did not differentiate those receiving OP treatment more
than once. Future studies may look into the dose-dependent
relationship between OP and efficacy towards liver cancer.
Additionally, our study is the potential presence of unaccounted
residual confounders. The NHIRD does not provide information on
the patient’s socioeconomic status, family history, personal health
behaviors such as smoking, alcohol consumption, and serum
parameters. These unmeasured confounding factors may have an
impact on the outcome of HCC.

Conclusions

This study utilized longitudinal population-based data with a
follow-up period of up to 10 years, allowing for a comprehensive
understanding of the topic and ensuring that the findings were
representative of the general population in Taiwan. The large
sample size further enhanced the robustness and generalizability
of the results. Overall, OP use exhibits promising effects in lowering
the risk of various cancer types, particularly hepatocellular
carcinoma, and reducing mortality in liver cancer patients. These
novel findings highlight the advantage of prior OP use in reducing
liver cancer risk and suggest the potential of OP as an alternative
approach for cancer treatment.
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