
Abstract. Background/Aim: Oral cavity cancer is a major
health problem worldwide. The herpes zoster vaccine is an
effective method to protect against herpes zoster infection. In
this study we aimed to determine the relationship between
herpes zoster and oral cavity cancer. Patients and Methods:
The Longitudinal Generation Tracking Database in Taiwan
was used to select oral and non-oral cavity cancer patients.
The primary endpoint was herpes zoster. Results: We included
3131 oral cavity cancer patients and 3131 non-oral cavity
cancer patients. Patients with oral cavity cancer [adjusted
hazard ratio (HR)=1.66, 95% confidence interval (CI)=1.27-
2.16] had a significantly higher risk of herpes zoster
compared to the control group. The oral cavity patients who
received radiotherapy (adjusted HR=1.79, 95%CI=1.12-2.86)
had a significantly higher risk of herpes zoster compared to
the oral cavity patients who did not receive radiotherapy.
Conclusion: Radiotherapy increases the incidence of herpes
zoster infection in oral cavity cancer patients.

Oral cavity cancer is a major health problem worldwide. In
the report from Global Cancer Statistics in 2020, the number
of newly developed oral cavity and lip cancer patients was
approximately 370,000 worldwide (1). 

The treatment of oral cavity cancer depends on the stage
of disease. When a patient’s cancer is operable, then the
standard treatment is radical operation. The adjuvant
treatment can be observation, radiotherapy or chemoradiation,

which is determined by the surgical pathology team (2). In
unresectable or metastatic oral cavity cancer, chemotherapy
and radiotherapy are often given as first line therapy (2). 

Herpes zoster, also called shingles, is caused by the
reactivation of the latent varicella-zoster virus. This virus can
induce chickenpox when first infected, and then remain
dormant in the neuron of a dorsal root ganglion or a cranial
nerve (3). Later in life, or under a state of compromised
immunity, the virus can re-emerge and trigger a unilateral,
painful, vesicular rash along the distribution of a dermatome.
In European countries and the US, the annual incidence of
herpes zoster is estimated at approximately 1-6.2 per 1,000
persons (4-7). 

In Taiwan, the herpes zoster annual incidence is
approximately 5 per 1,000 persons (8). Thus far, the herpes
zoster vaccination is regarded as the most effective
measure to prevent its occurrence and reduce postherpetic
neuralgia (9, 10).

Given these facts, we were interested in investigating the
relationship between herpes zoster and oral cavity cancer.
Additionally, we aimed to determine whether surgery,
radiotherapy or chemotherapy increases the risk of herpes
zoster infection or not. The result will be useful in the
recommendation of herpes zoster vaccination in oral cavity
cancer patients. 

Patients and Methods
This study was approved by the Central Regional Research Ethics
Committee, China Medical University, Taichung, Taiwan R.O.C.
(CMUH109-109-REC2-031).

Data source. We used the database of the Health and Welfare Data
Science Center (HWDC), which stores electronically over 99% of
the 23 million Taiwanese residents’ medical records. We conducted
a nationwide retrospective cohort study using i) the Longitudinal
Generation Tracking Database (LGTD 2005), ii) the Registry for
catastrophic illness patients (HV), and iii) the Registry for
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Beneficiaries. The LGTD contains the data of two million
individuals randomly selected from the whole population. The
International Classification of Diseases, Clinical Modification ICD-
9-CM, and the International Classification of Diseases, Tenth
Revision, Clinical Modification ICD-10-CM, were used to identify
patients with oral cavity cancer or herpes zoster.

Study population. Oral cavity cancer patients newly diagnosed
(codes: ICD-9-CM code 140, 142-145, 149 ICD-10-CM C00,
C03.0, C03.1, C03.9, C04.0, C04.1, C04.8, C04.9, C05.0, C05.1,
C05.2, C05.8, C05.9, C06.0, C06.1, C06.2, C06.80, C06.89, C06.9,
C07, C08.0, C08.1, C08.9, C14.0, C14.2, C14.8, Z51.12) from the
HV were defined as the oral cavity cancer cohort between 1st of
January 2000 to 31st of December 2016. In the oral cavity cancer
cohort, the index date was defined as the date of oral cavity cancer
diagnosis.

The non-oral cavity cancer cohort consisted of patients randomly
selected from the LGTD 2005 without a history of oral cavity
cancer or other types of cancer. We randomly selected one non-oral
cavity cancer control per oral cavity cancer patient. For the non-oral
cavity cancer cohort, the index date was a random date between
2000 and 2016. Exclusion criteria in the control cohort were a prior
history of herpes zoster before the index date. Both cohorts were
matched 1:1 based on age, gender, and index year, so as to minimize
selection bias.

Main outcome and covariates. The primary study endpoint was the
herpes zoster ICD-9-CM code 053 ICD-10-CM B02.0, B02.1,
B02.21, B02.22, B02.29, B02.23, B02.24, B02.30, B02.31, B02.32,
B02.33, B02.34, B02.39, B02.8, B02.7, and B02.9. With regard to
the importance of considering confounding factors, we selected
patients whose history of comorbidities had been identified before
the index date, with either two outpatient medical records or at least
one hospitalization record. The list of comorbidities included: i)
hypertension, ii) diabetes, iii) hyperlipidemia, iv) chronic
obstructive pulmonary disease (COPD), and v) chronic kidney
disease (CKD). Oral cavity cancer-related treatments, including
radiotherapy, chemotherapy, and surgery, were also considered.
Statistical analysis. A Chi-square test was used to determine if

two categorical variables showed differences in distribution. The
difference between two continuous variables was tested by the
student’s t-test to determine their relationship. In the Cox
proportional hazards regression model, we estimated the risk of
herpes zoster between the oral cavity cancer cohort and the non-oral
cavity cancer cohort using hazard ratios (HRs) and 95% confidence
intervals (CIs). The Kaplan-Meier survival curve was plotted using
the R studio (3.5.2) and was evaluated using the log-rank test. SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA) was used to
perform all statistical analyses. A p-Value of 0.05 was used as the
level of significance for all analyses. 

Result

Presented in Table I, we included 3,131 oral cavity cancer
patients and 3,131 non-oral cavity cancer patients. Regarding
gender, men represented the majority in both the oral cavity
cancer (90.6%) and the non-oral cavity cancer cohort (90.6%).
The mean age was 55.2 years old at diagnosis in the oral cavity
cancer cohort, and the mean age of the non-oral cavity cancer

cohort was 55.1 years old. Hypertension and diabetes were
more frequent in the oral cavity cancer cohort than in
individuals who did not have oral cavity cancer. Of the 3,131
oral cavity cancer patients 61.9% received radiotherapy, 58.5%
underwent surgery, and 49.5% received chemotherapy.

Table II shows the risk of herpes zoster in patients with
and without oral cavity cancer and covariates. Patients with
oral cavity cancer (adjusted HR=1.66, 95%CI=1.27-2.16)
had a significantly higher risk of herpes zoster than the
control group. There is no difference in the incidence rate
(IR) of herpes zoster between women (IR=7.82) and men
(IR=6.06) (p=0.55).

Patients in the 50-64-year old group (adjusted HR=2.60,
95%CI=1.82-3.72) and those in the >64-year old group
(adjusted HR=3.18, 95%CI=2.08-4.84) had a significantly
higher risk of herpes zoster compared to the 20-49-year old
group. Following adjustment for sex, age, and comorbidities,
there was no statistical correlation between herpes zoster and
any comorbidities.

The stratification analysis results are presented in Table
III. When targeting gender, male patients (adjusted HR=1.76,
95%CI=1.33-2.34) had a significantly greater risk of herpes
zoster in the case group compared to the control group, but
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Table I. Baseline characteristics of patients with or without oral cavity
cancer.

   Oral cavity cancer

   No Yes
   N=3,131 N=3,131

Variable n % n % p-Value

Age, years            0.99
   20-49 1,098 35.1 1,098 35.1          
   50-64 1,353 43.2 1,353 43.2          
   ≥65 680 21.7 680 21.7          
   Mean±SD* 55.1 12.5 55.2 12.4        0.79
Gender            0.99
   Women 294 9.39 294 9.39          
   Men 2,837 90.6 2,837 90.6          
Comorbidity              
   Hypertension 1,070 34.2 1,183 37.8        0.003
   Diabetes 482 15.4 701 22.4        0.001
   Hyperlipidemia 790 25.2 763 24.4        0.43
   COPD 396 12.7 434 13.9        0.16
   Chronic kidney 191 6.10 223 7.12        0.10
   disease
Medications              
   Radiotherapy 1,938 61.9          
   Chemotherapy 1,551 49.5          
   Surgery for oral cancer 1,833 58.5

Chi-square test; *t-test. SD: Standard deviation; COPD: chronic
obstructive pulmonary disease.



this was not the case in females. When stratification targeted
age in the 20-49-year old group and comorbidities in the 50-
64-year old group, oral cavity cancer patients had a
significantly higher risk of herpes zoster compared to non-
oral cavity cancer patients, but this was not found to be
significant in the >64-year old group.

The analysis of the stratification at different follow-up
times is shown in Table IV. In the time-stratified-cox
regression model, less than a 6-month follow up (adjusted
HR=4.09, 95%CI=1.53-10.9), a 6-month to one year follow

up (adjusted HR=2.68, 95%CI=1.04-6.95) and a one to two
years follow up (adjusted HR=3.47, 95%CI=1.36-8.85) of
herpes zoster risk in the oral cavity cancer group were
significantly higher compared to the control group. In
contrast, follow up of over two years was not found to be
statistically significant.

The Cox regression analysis of the different treatment
strategies and covariates in oral cavity cancer patients are
shown in Table V. When the patients received radiotherapy
(adjusted HR=1.79, 95%CI=1.12-2.86), they had a significantly
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Table II. Cox model measured hazard ratio and 95% confidence intervals of herpes zoster associated with and without oral cavity cancer and
covariates.

   Crude Adjusted
   Event no.
Characteristics (n=226) IR HR (95%CI) p-Value HR (95%CI) p-Value

Oral cavity cancer                                          
   No 109 4.99 Ref. Ref.                                      
   Yes 117 8.15 1.63 (1.25-2.12) <0.001 1.66 (1.27-2.16)                       <0.001
Gender                                          
   Female 29 7.82 Ref. Ref.                                      
   Male 197 6.06 0.77 (0.52, 1.14) 0.19 0.89 (0.60, 1.32)                         0.55
Age, year                                          
   20-49 43 2.93 Ref. Ref.                                      
   50-64 118 7.85 2.69 (1.89, 3.81) <0.001 2.60 (1.82, 3.72)                       <0.001
   ≥65 65 9.98 3.42 (2.32, 5.03) <0.001 3.18 (2.08, 4.84)                       <0.001
Comorbidities                                          
   Hypertension 91 7.96 1.45 (1.11, 1.90) 0.006 0.90 (0.65, 1.23)                         0.90
   Diabetes 50 9.02 1.57 (1.14, 2.15) 0.005 1.06 (0.74, 1.51)                         0.75
   Hyperlipidemia 70 8.86 1.60 (1.21, 2.13) 0.001 1.30 (0.94, 1.81)                         0.12
   COPD 37 9.27 1.57 (1.10, 2.24) 0.01 1.18 (0.82, 1.71)                         0.38
   Chronic kidney disease 19 10.6 1.75 (1.09, 2.80) 0.02 1.20 (0.73, 1.98)                         0.47

HR: Hazard ratio; CI: confidence interval; Ref.: comparison group; Adjusted HR: adjusted for age, sex, and comorbidities in Cox proportional
hazards regression.

Table IΙI. Comparison of the incidence of herpes zoster between patients with and without oral cavity cancer with different baseline characteristics.

   Non-oral cavity cancer Oral cavity cancer Crude Adjusted

Variable Event Persons/Year IR Event Persons/Year IR HR (95%CI) p-Value HR (95%CI) p-Value

Gender
   Female                          16 2,047 7.82              13 1,664 7.81 1.02 (0.49-2.12) 0.96 1.04 (0.50-2.19) 0.91
   Male                             93 19,797 4.70            104 12,689 8.20 1.72 (1.30-2.29) <0.001 1.76 (1.33-2.34) <0.001
Age (years)                                                
   20-49                            17 8,798 1.93              26 5,858 4.44 2.34 (1.27-4.33) 0.007 2.29 (1.23-4.26) 0.009
   50-64                            56 8,974 6.24              62 6,055 10.2 1.67 (1.16-2.41) 0.006 1.67 (1.16-2.40) 0.006
   ≥65                               36 4,072 8.84              29 2,440 11.9 1.32 (0.81-2.16) 0.27 1.30 (0.79-2.14) 0.29
Comorbidities                                            
   No                                 44 12,433 3.54              48 7,405 6.48 1.79 (1.19-2.71) 0.006 1.85 (1.23-2.79) 0.003
   Yes                                65 9,410 6.91              69 6,947 9.93 1.46 (1.04-2.06) 0.03 1.50 (1.06-2.11) 0.02

IR: Incidence rate, per 1000 persons/year; HR: hazard ratio; CI: confidence interval; Adjusted HR: adjusted for age, sex, and comorbidities in Cox
proportional hazards regression.



higher risk of herpes zoster. Neither patients receiving
chemotherapy nor those undergoing surgery for oral cancer
were found to have a significant risk of herpes zoster. The 50-
64-year old group (adjusted HR=2.22, 95%CI=1.39-3.56) and
the over 64-year old group (adjusted HR=2.37, 95%CI=1.33-
4.23) were at a significantly higher risk of herpes zoster
compared to the 20-49-year old group. Male and all
comorbidities were not risk factors of herpes zoster.

The cumulative incidence of herpes zoster was significantly
higher in the radiotherapy group and the non-radiotherapy

group in patients with oral cavity cancer compared to the
general population (log-rank test, p<0.001) (Figure 1).

Discussion

To the best of our knowledge, this is the first population-
based study to investigate the relationship between
radiotherapy and the incidence of herpes zoster in oral cavity
cancer patients. In 2020 and 2021, there were two articles
that investigated the relationship between head and neck
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Table IV. Comparison of the incidence of herpes zoster between patients with and without oral cavity cancer with different follow-up times.

   Non-oral cavity cancer Oral cavity cancer Crude Adjusted

Variable Event Persons/Year IR Event Persons/Year IR HR (95%CI) p-Value HR (95%CI) p-Value

Follow-up time 
(years)                                 
   <0.5                                5 1,561 3.20              20 1,516 13.2 4.16 (1.56-11.1) 0.004 4.09 (1.53-10.9) 0.005
   0.5-1                               6 1,551 3.87              15 1,374 10.9 2.81 (1.09-7.24) 0.03 2.68 (1.04-6.95) 0.04
   1-2                                  6 2,639 2.04              17 2,285 7.44 3.61 (1.42-9.16) 0.007 3.47 (1.36-8.85) 0.009
   ≥2                                 92 1,5791 5.83              65 9,176 7.08 1.21 (0.88-1.66) 0.24 1.27 (0.92-1.75) 0.14

IR: Incidence rate, per 1000 persons/year; HR: hazard ratio; CI: confidence interval; Adjusted HR: adjusted for age, sex, and comorbidities in Cox
proportional hazards regression.

Table V. Cox hazard proportional model measured HR and 95% CIs of herpes zoster associated with different treatments and covariates among
the oral cavity cancer patients. 

   Crude Adjusted
   Event no.
Characteristics (n=117) IR HR (95%CI) p-Value HR (95%CI) p-Value

Radiotherapy                                          
   No 38 5.84 Ref. Ref.                                      
   Yes 79 10.1 1.66 (1.13-2.46) 0.01 1.79 (1.12-2.86)                          0.01
Chemotherapy                                          
   No 60 7.14 Ref. Ref.                                      
   Yes 57 9.58 1.29 (0.89-1.85) 0.18 1.00 (0.64-1.55)                          0.98
Surgery for oral cancer
   No 48 8.86 Ref. Ref.                                      
   Yes 69 7.72 0.88 (0.61-1.27) 0.48 0.85 (0.58-1.24)                          0.40
Gender
   Female 13 7.81 Ref. Ref.                                      
   Male 104 8.20 1.01 (0.57-1.81) 0.96 1.17 (0.64-2.13)                          0.61
Age, year                                          
   20-49 26 4.44 Ref. Ref.                                      
   50-64 62 10.2 2.27 (1.43-3.59) <0.001 2.22 (1.39-3.56)                       <0.001
   >64 29 11.9 2.58 (1.51-4.39) <0.001 2.37 (1.33-4.23)                          0.004
Comorbidities                                          
   Hypertension 48 10.0 1.35 (0.94-1.96) 0.11 0.94 (0.61-1.46)                          0.94
   Diabetes 27 10.2 1.28 (0.83-1.97) 0.27 0.93 (0.57-1.52)                          0.78
   Hyperlipidemia 35 11.1 1.47 (0.99-2.19) 0.06 1.30 (0.82-2.07)                          0.27
   COPD 19 11.6 1.46 (0.89-2.39) 0.13 1.19 (0.72-1.99)                          0.46
Chronic kidney disease 13 17.4 2.19 (1.23-3.90) 0.008 1.71 (0.92-3.19)                          0.09

IR: Incidence rate; HR: hazard ratio; CI, confidence interval; COPD: chronic obstructive pulmonary disease; Adjusted HR: adjusted for age, sex,
and comorbidities in Cox proportional hazards regression.



cancer and herpes zoster (11, 12); however, these studies did
not perform a subgroup analysis for oral cavity cancer. The
clinical behavior is different in each type of head and neck
cancer. Our study used a pure cohort composed of oral cavity
cancer patients alone, thus, providing clinical value for this
specific type of cancer. 

The advantage of our study is that we enrolled a large
patient cohort composed of 3,131 oral cavity cancer patients.
Additionally, the Taiwanese health insurance covers more
than 99% of the Taiwanese population, which avoids the
selection bias. A validation study concerning the Taiwanese
health insurance database has shown that the accuracy of the
database is high (13). Thus, the results we obtained through
the database are trustworthy. 

Our study demonstrates that oral cavity cancer is associated
with herpes zoster. In 2017, a study based on the database of
the United Kingdom’s primary care showed that many types
of cancer are associated with herpes zoster, including oral
cavity cancer (14). In this study approximately 102 patients
were included, with an odds ratio around 1.4. Our study used
a hazard ratio, and the result was approximately 1.6, which is
similar to the one of the UK study. Thus, we demonstrate that
oral cavity cancer is associated with herpes zoster not only in
European people, but also in Asian people. 

The gender may also be an important parameter related
to the infection of herpes zoster. According to a meta-
analysis published in 2017, females are more likely to
develop a herpes zoster infection (15). Our study, however,
found no difference between men and women with oral
cavity cancer. 

Many studies have shown that diabetes mellitus and
hypertension are associated with herpes zoster infection (16-
18). The proportions of diabetes mellitus and hypertension
were the most prevalent pathologies in the oral cavity patient
group. Interestingly, after controlling for comorbidities, oral
cavity cancer is still associated with a higher incidence of
herpes zoster infection, compared to the general population
without oral cavity cancer. 

Age is an important factor in infectious diseases (19). Our
study found that there is a significantly higher risk of herpes
zoster in oral cavity cancer patients when compared with
non-oral cavity cancer in the population younger than 65
years of age. The Advisory Committee on Immunization
Practices (ACIP) guidelines suggest that the herpes zoster
vaccine should be given to people aged 50 and above (20).
Importantly, our study indicates that if an oral cavity cancer
patient is younger than 50, the herpes zoster vaccine should
be offered due to the increased risk of infection. 

Another issue with herpes zoster that arose in our
infection analysis is time. Only within two years after the
diagnosis of oral cavity cancer, the incidence of herpes zoster
is significantly higher in these patients compared to non-oral
cavity cancer patients. This phenomenon indicates that the
herpes zoster vaccine must be provided to the oral cavity
cancer patients as soon as possible after their diagnosis for
a timely protection. 

In the Cox regression analysis, the oral cavity patients
receiving radiotherapy had a significantly higher incidence
rate compared to the non-oral cavity cancer patients. This
phenomenon is linked to radiation treatment. When a
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Figure 1. Cumulative incidence of herpes zoster in individuals with and without radiotherapy (RT) among patients with oral cavity cancer compared
to general population.



patient receives radiotherapy, then the radiation oncologist
should recommend the patient to receive the herpes zoster
vaccine. 

The limitation of our study is that the details of
radiotherapy were not reported. The design of the
radiotherapy field poses a clinical dilemma in many
clinical situations (21). The field size influences both the
clinical outcome as well as the side effects. If we would
be able to determine the radiation field size, we could
perform a specific analysis for the radiotherapy field size
and the incidence of herpes zoster. The result could, then,
give a more personalized prediction of herpes zoster
infection. 

In conclusion, radiotherapy appears to increase the incidence
of herpes zoster infection in oral cavity cancer patients.
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