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Abstract

The incidence of oropharyngeal carcinoma, involving palatine and lingual tonsils, is increasing 

globally. This significant rise is driven by human papillomavirus. Whether palatine tonsillectomy 

affects risk of diagnosis with oropharyngeal carcinoma is unknown. The association between 

tonsillectomy and incidence of oropharyngeal carcinoma was explored in the Danish Cancer 

Registry. The association between tonsillectomy and oropharyngeal carcinoma was analyzed by 

time since first registration of tonsillectomy. Tonsillectomy was a time-dependent variable. 

Individuals were censored for death, emigration, or tonsillectomy within incident year of 

diagnosis. Incidence rate ratios (RR) were estimated by Poisson regression models and adjusted 

for confounders. Kaplan-Meier survival analyses were compared by the log-rank test, and HRs 

were estimated by Cox proportional hazards models. From 1977 to 2012, the incidence of 

tonsillectomies significantly decreased, whereas the incidence of oropharyngeal carcinoma 

significantly increased. Tonsillectomy was not associated with risk of oropharyngeal carcinoma or 

malignancies of other anatomic sites, including base of tongue. However, tonsillectomy 

significantly reduced risk of diagnosis with tonsil carcinoma [RR, 0.40; 95% confidence interval 

(CI), 0.22–0.70]. The risk of diagnosis with tonsil carcinoma at age <60 years was significantly 

decreased (RRadj, 0.15; 95% CI, 0.06–0.41) after tonsillectomy. Tonsillectomy within 1 year of 
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diagnosis with tonsil carcinoma was associated with significantly improved overall survival (HR, 

0.53; 95% CI, 0.38–0.74). In conclusion, remote history of tonsillectomy reduces the risk of 

diagnosis with tonsil carcinoma. These data inform risk and benefit of tonsillectomy, a common 

procedure and design of secondary prevention trials.

Introduction

The incidence of oropharyngeal carcinoma is increasing significantly worldwide, 

predominantly in developed countries among younger age cohorts and men (1). These 

epidemiologic changes are driven by human papillomavirus (HPV), a sexually transmitted 

infection that is etiologically responsible for the majority of oropharyngeal carcinomas (2). 

Indeed, approximately 77% of tonsil carcinomas diagnosed in Denmark between 2000 and 

2010 were HPV-related (3, 4). HPV-related oropharyngeal carcinomas characteristically 

arise from the palatine and lingual tonsils of Waldeyer’s ring (5).

The rapid increase in HPV-related oropharyngeal carcinomas in recent decades has been 

attributed to the sexual revolution (6). Early sexual debut and increased number of lifetime 

sexual partners, surrogates for exposure to sexually transmitted infection, are well-

recognized risk factors for HPV-related oropharyngeal carcinoma (5). Concurrent with a 

change in sexual behavior, tonsillectomy for hypertrophic tonsils and recurrent tonsillitis 

have lost previously held general acceptance (7). In light of the risks of tonsillectomy, 

including potential for catastrophic hemorrhage, and potential loss of immune “organs,” 

more stringent criteria have been adopted in recent years (8–11). Whether changes in 

tonsillectomy practices have contributed to the incidence trends is unknown.

Therefore, this study was designed to describe the incidence of tonsillectomies and 

oropharyngeal carcinoma in Denmark and to determine whether tonsillectomy reduces the 

future risk of oropharyngeal carcinoma.

Materials and Methods

Danish residents born between 1920 and 1972 were eligible for analysis. The Danish Cancer 

Registry a is population-based prospective nationwide program. Vital status and dates of 

emigration or immigration are maintained separately by the Central Population Register, 

which is linked to the Danish Cancer Registry. The association between tonsillectomy and 

oropharyngeal carcinomas was analyzed by time since first registration of tonsillectomy. 

Tonsillectomy was considered as a time-dependent variable and categorized into three 

categories a priori: (i) no history of tonsillectomy, (ii) tonsillectomy within 1 year, and (iii) 

remote history of tonsillectomy, defined as more than 1 year before diagnosis of tonsil 

carcinoma. Tonsillitis without history of tonsillectomy was also modeled as a separate 

exposure group. This definition of time was previously used to evaluate risk of Hodgkin 

lymphoma after tonsillectomy in the Danish Cancer Registry (12). Follow-up began on 

January 1st, 1977, and ended on December 31st, 2012, date of emigration, death, or date of 

tonsil carcinoma, whichever came first. Incidence rate ratios (RR) were estimated by 

Poisson regression models and adjusted for available potential confounders (attained age, 

calendar period, education, gender). RRs were determined for oropharyngeal carcinoma at 
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any age and before median age of diagnosis given the reported differences in HPV tumor 

status by age of diagnosis (3–5, 13).

Analyses evaluating any oropharyngeal carcinoma included malignancies arising from the 

base of tongue, tonsil, oropharynx, pharynx, Waldeyers’ ring, and branchial cleft. Prior 

population-based analyses in Denmark (4) and the United States have used this anatomic site 

classification for HPV-related oropharyngeal carcinomas (1, 2, 14), which has been validated 

using gold-standard HPV detection methods (2). ICD-0 codes included C01, C09, C10, C14, 

C02.4, C02.8, C9.0, C09.1, C09.8, C09.9, C10.2, C10.3, C10.4, C10.8, C10.9, C14.0, C14.2, 

and C14.8. Subset analyses were restricted to oropharynx subsites relevant to HPV-related 

tumors, namely base of tongue and tonsil carcinomas. ICD-O codes C01, C02.4, and C02.8 

were considered base of tongue specifically. For evaluations of tonsil carcinoma specifically, 

analyses were restricted to codes C09.0, C09.1, C09.8, and C09.9.

Survival by tonsillectomy group was compared with the Kaplan-Meier method and log-rank 

tests. Inverse probability weighting by age was applied to adjust for potential differences in 

age of diagnosis. Cox proportional hazards models were used to obtain hazard ratios (HRs) 

with multivariate adjustment for available confounders. At risk time was from diagnosis 

until death, censoring for emigration or December 2013, whichever came first. All statistical 

tests were two-sided, and a significance level of 5% was applied. Analyses were conducted 

using R statistical software (15).

Results

Trends in incidence of tonsillectomies

Danish residents (3,859,867) were followed for 72,701,956 person-years. In this population, 

90,755 individuals had a history of tonsillectomy (with a previous diagnosis of tonsillitis in 

41% of these cases). Since 1977, the incidence of tonsillectomy in Denmark has 

significantly decreased (P < 0.001; Fig. 1), most markedly after 1995. The rate of 

tonsillectomies has declined by 1.1% [95% confidence interval (CI), 1.0–1.2] annually, on 

average. Over a 35-year period (1977 to 2012), this corresponds to a 33.8% (95% CI, 32.9–

34.8) decrease in the incidence of tonsillectomies. Tonsillectomy was significantly less 

frequent in more recent than earlier age cohorts (P < 0.001). The majority of tonsillectomies 

were in persons under age of 20 with a rate of >200 per 100,000 person-years.

Incidence of oropharyngeal carcinoma

During the same time period, the incidence of oropharyngeal carcinoma has dramatically 

increased (Fig. 1). The incidence of oropharyngeal carcinoma overall was 6.9 (95% CI, 6.8–

7.1) per 100,000 person-years. Median age at the time of oropharyngeal carcinoma diagnosis 

was 59.0 years (95% CI, 45.1–75.9). Median age of individuals diagnosed with 

oropharyngeal carcinoma has decreased consistently from the 1970s to 2010s from 64 to 59 

years. The incidence of oropharyngeal carcinoma was highly correlated with age, and only a 

few cases occurred below the age of 40. In the follow-up period, 5,111 individuals (with or 

without tonsillectomy) developed oropharyngeal carcinoma. An age-period-cohort analysis 

showed that oropharyngeal carcinomas increased by 6.0% (5.7–6.3) per year, most 
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prominently in recent calendar periods. The majority of oropharyngeal carcinomas 

diagnosed were tonsillar (2,788 of 5,111, 54.5%).

In total, 52 (1.0%) of the individuals diagnosed with oropharyngeal carcinoma had a remote 

history of tonsillectomy (more than 1 year before oropharyngeal carcinoma diagnosis). A 

small subset of individuals (174, 3.4%) had a history of tonsillectomy within 1 year of 

oropharyngeal carcinoma diagnosis. The remaining 4,885 (95.6%) had no history of 

tonsillectomy.

Incidence of oropharyngeal carcinoma within 1 year of tonsillectomy

Tonsillectomies within 1 year of oropharyngeal carcinoma were considered separately given 

the increased potential for diagnostic or therapeutic procedure. In this subset, median time 

from tonsillectomy to diagnosis of oropharyngeal carcinoma was 7 days. Tonsillectomy was 

strongly associated with increased incidence of any oropharyngeal carcinoma within 1 year 

(RR, 200.09; 95% CI, 172.0–232.8). Similarly, the incidence of base of tongue (122.11; 95% 

CI, 74.41–200.4) and tonsil (RR, 261.68; 95% CI, 218.4–313.6) carcinomas was 

significantly increased within 1 year after tonsillectomy. The diagnosis of tonsillitis within 1 

year of oropharyngeal carcinoma was significantly associated with increased incidence of 

oropharyngeal carcinoma. After adjustment for confounders, estimates remained robust 

(Table 1).

Incidence of oropharyngeal carcinoma after remote history of tonsillectomy

The incidence of diagnosis with any oropharyngeal carcinoma or base of tongue carcinoma 

was similar for individuals with a history of tonsillectomy compared with no tonsillectomy 

(Table 1). However, tonsillectomy significantly reduced the risk of tonsil carcinoma (RR, 

0.42; 95% CI, 0.24–0.74). After adjustment for available demographic variables, the 

protective effect of tonsillectomy remained robust (RR, 0.40; 95% CI, 0.22–0.70).

Given the strong association between younger age and HPV-positive tumor status, analyses 

were stratified by age of diagnosis with oropharyngeal carcinoma. The risk of diagnosis with 

oropharyngeal carcinoma at age younger than 60 years was reduced (adjusted RR, RRadj, 

0.60; 95% CI, 0.42–0.87) following tonsillectomy. Tonsillectomy was associated with a 

nonsignificant reduction of risk for diagnosis with base of tongue carcinoma at age younger 

than 60 years (RRadj, 0.53; 95% CI, 0.20–1.43). Notably, the risk of diagnosis of tonsil 

carcinoma at age less than 60 years (RRadj, 0.15; 95% CI, 0.06–0.41) was significantly 

reduced after tonsillectomy as compared with no tonsillectomy. Therefore, tonsillectomy 

was independently associated with a reduction in the risk diagnosis before age 60 of any 

oropharyngeal carcinoma, and specifically, tonsil carcinoma (Table 1).

Conversely, diagnosis with any oropharyngeal carcinoma at age greater than 60 years was 

increased after tonsillectomy (RRadj, 2.52; 95% CI, 1.67–3.80). Risk of base of tongue 

carcinoma after age of 60 was significantly increased after tonsillectomy (RRadj, 4.16; 95% 

CI, 1.85–9.33). Similarly, risk of tonsil carcinoma after age 60 was increased after 

tonsillectomy (RRadj, 1.78; 95% CI, 0.89–3.56), however nonsignificantly.
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Whether the effect of tonsillectomy on risk of oropharyngeal carcinoma was modified by 

calendar time was explored. There was no evidence of interaction between tonsillectomy and 

calendar time (as a continuous variable; P = 0.64). Therefore, the effect of tonsillectomy was 

similar over the observation period from 1977 to 2012.

The effect of tonsillectomy on risk of nonoropharyngeal carcinomas was explored. The risk 

of larynx carcinoma diagnosis at any age (RR, 1.32; 95% CI, 0.96–1.81), before (1.09; 95% 

CI, 0.96–1.81), and after age 60 (RR, 1.46; 95% CI, 0.92–2.32) was statistically similar after 

tonsillectomy. Tonsillectomy was not associated with increased risk of lung carcinoma at 

any age (RR, 1.64; 95% CI, 0.92–2.91), before (RR, 1.84; 95% CI, 0.94–3.59), or after age 

60 (RR, 0.98; 95% CI, 0.32–3.01). The incidence of malignancies of other major sites, 

including colon, breast, and prostate, was not associated with tonsillectomy.

Of note, the remote history of tonsillitis (without tonsillectomy) was not associated with risk 

of oropharyngeal carcinoma overall, base of tongue, or tonsil carcinomas (Table 1).

Survival analysis

In light of the interest in primary surgical therapy for oropharyngeal carcinoma, the survival 

of individuals who had tonsillectomy within 1 year of diagnosis with oropharyngeal 

carcinoma was compared with survival of individuals with either no tonsillectomy or remote 

history of tonsillectomy. Oropharyngeal carcinoma patients with a remote history of 

tonsillectomy and no history of tonsillectomy had similar survival (P > 0.05). Tonsillectomy 

within 1 year of diagnosis with oropharyngeal carcinoma, however, was independently 

associated with significantly improved overall survival (HRadj = 0.55; 95% CI, 0.42–0.71; 

Table 2) compared with no tonsillectomy. Median survival for oropharyngeal carcinoma 

with tonsillectomy within 1 year of diagnosis was greater than for oropharyngeal carcinoma 

with no tonsillectomy (11.2 vs. 2.8 years, P < 0.01). Other factors associated with improved 

overall survival included younger age at diagnosis (HR, 0.70; 95% CI, 0.67–0.72 per 10 

years) and calendar period of diagnosis (HR, 0.86; 95% CI, 0.83–0.90 per 10 years). 

Tonsillectomy was not associated with overall survival for base of tongue carcinoma. For 

tonsil carcinoma specifically, tonsillectomy within 1 year of diagnosis was associated with 

significantly improved survival (HRadj, 0.53; 95% CI, 0.38–0.74; Fig. 2). Median survival 

for tonsil carcinoma patients was greater after tonsillectomy within 1 year of diagnosis than 

no tonsillectomy (14.3 vs. 3.8 years, P < 0.01).

Discussion

In this population-based study, the incidence of tonsil carcinoma was significantly reduced 

after tonsillectomy. These findings have important implications for informed counseling of 

patients regarding risks and benefits of tonsillectomy, a common surgical procedure and 

design of future clinical trials evaluating secondary prevention of oropharyngeal carcinoma.

Despite the reduced risk of tonsil carcinoma observed herein, prophylactic tonsillectomies in 

the general population are not supported by these data. The risk of tonsil carcinoma remains 

rare irrespective of tonsillectomy; the incidence of tonsil carcinoma with versus without a 

history of tonsillectomy was 1.52 cases per 100,000 person-years versus 3.64 cases per 
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100,000 person-years, respectively. However, if biomarkers of high predictive value for 

development of oropharyngeal carcinoma were identified, tonsillectomy could be part of an 

intervention-based clinical trial to reduce incidence of malignancy. For example, in cervical 

cancer screening, removal of precursor lesions has reduced the burden of cervical cancer in 

the United States. If early tonsil lesions could be identified through a combination of 

biomarkers for risk stratification (16, 17), imaging (18, 19), and cytologic evaluation (20), 

then tonsillectomy in a select well-defined population may reduce the incidence of tonsil 

carcinoma.

Tonsillectomy likely reduces the palatine lymphoid tissue susceptible to carcinogenic 

factors, and subsequent potential for malignant transformation. Analogous precedents 

include prophylactic oophorectomy and mastectomy in high-risk populations. For tonsil 

carcinoma, the absence of palatine lymphoid tissue in the general population reduces the risk 

of tonsil carcinoma development by 60% (Table 1). As expected, this protective effect is 

specific to tonsil carcinoma and was not observed for malignancies of other anatomic sites 

or oropharyngeal subsites.

The global increase in oropharyngeal carcinoma incidence in recent age cohorts and 

calendar periods due to HPV has been attributed to the sexual revolution (1, 6). Other 

potential cofactors, however, have not been identified. In this study, a dramatic reduction in 

the incidence of tonsillectomies in recent cohorts and calendar periods accompanied a 

concurrent rise in the incidence of oropharyngeal carcinoma. It is important to note that the 

incidence of tonsillectomy remains 20-fold higher than the incidence of oropharyngeal 

carcinoma. Therefore, although the decreased performance of tonsillectomy, a common 

surgical procedure, may have contributed to the rise in incidence in recent calendar periods, 

it is merely another factor and not the primary driver of the increase in incidence. This 

analysis also provides population-based trends for rates of tonsillectomies which have not 

previously been available. In the United States, patterns in volume and rates of 

tonsillectomies have been estimated with inpatient registries, state-based revenue reports, or 

limited to cross-sectional data (21–23).

Of note, the risk for diagnosis of oropharyngeal carcinoma before age 60, a characteristic of 

HPV-related oropharyngeal carcinoma, was reduced after tonsillectomy, whereas the risk for 

diagnosis of oropharyngeal carcinoma after age 60 was significantly increased (Table 1). 

The inverse associations of tonsillectomy with oropharyngeal carcinoma diagnosed below 

and greater than median age may reflect distinct entities with different risk factors and 

biology (13, 24). HPV-related carcinomas more commonly arise in younger individuals with 

greater lifetime sexual exposure and decreased smoking history (13, 24, 25). In contrast, 

HPV-unrelated carcinomas more commonly arise in older individuals with an extensive 

tobacco and alcohol history (13, 25). A tonsillectomy in the context of HPV likely represents 

a reduction in the tissue susceptible to HPV infection upon exposure to the virus and, 

therefore, decreased potential for subsequent malignant transformation. This is consistent 

with recent natural history data that showed a significant reduction in the incidence of oral 

HPV infections among individuals with a history of a tonsillectomy (26). The absence of 

tonsil tissue in the context of smoking, however, may correspond to a loss of the local 

immune response and, in effect, may create a locally immunosuppressed environment. This 
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may be very pronounced in the context of tobacco which is independently 

immunosuppressive (27). HPV tumor status is unavailable and therefore the interpretation of 

this observation is limited and speculative.

Tonsillectomy within 1 year of diagnosis of tonsil carcinoma (diagnostic or therapeutic) was 

associated with improved overall survival (Table 2, Fig. 2). With the increasing incidence of 

oropharyngeal carcinoma in younger age cohorts (1) and improved long-term survival (28, 

29), there is interest in reducing the long-term sequelae of therapy (30). Therefore, primary 

surgical therapy (therapeutic palatine or lingual tonsillectomy) is being explored in clinical 

trials. In this study, we observed at a population level an improved overall survival among 

patients who had tonsillectomy within a year of diagnosis with tonsil carcinoma. Whether 

these tonsillectomies were performed as diagnostic or therapeutic procedures is unknown. 

These observations are consistent with U.S. data which found tonsillectomy before 

radiotherapy to be associated with improved survival (31, 32), and may be validated by 

ongoing and future well-designed prospective trials. However, it important to consider that 

smaller primary tumors are more amenable to tonsillectomy for either diagnostic or 

therapeutic purposes and associated with improved survival. Nevertheless, removal of a 

primary tumor before adjuvant therapy may have prognostic significance but cannot be 

extrapolated from the present data.

There are several limitations to this study. Clinically relevant information including HPV 

tumor status, stage, tobacco use, margin status, and treatment strategies (primary and 

adjuvant) was unavailable in this registry. The absence of these clinically significant 

covariates introduces the potential for residual confounding. However, the analysis for 

oropharyngeal carcinoma was limited to HPV-related sites consistent with site-classification 

approaches used by prior population-based studies of incidence trends for Denmark, United 

States, and Cancer Incidence in Five Continents databases. In addition, available variables 

associated with HPV-positive tumor status, including age of diagnosis, and calendar period 

were accounted for. Education level is associated with tobacco and alcohol consumption and 

was therefore used to adjust for unmeasured confounders. While the Danish Cancer Registry 

provides population-based data, it is limited to follow-up since 1977 and a relatively small 

population. Therefore, it is not surprising that there are few cases of oropharyngeal 

carcinoma, a rare malignancy, in this population-based cohort study. The limited number of 

oropharyngeal carcinoma cases overall (n = 52) and tonsil carcinomas (n = 12) following 

tonsillectomy could imply that the observed associations were by chance. Although the 

estimates of the effect of tonsillectomy may have low precision and relatively wide CIs, the 

significant point estimates are far from the null and highly significant, therefore supporting a 

true association. In order to evaluate whether the significant effect estimates could be chance 

findings, a sensitivity analysis regarding the estimate for the smallest group, i.e., the 12 

tonsil cancer patients more than 1 year after tonsillectomy, was conducted. For the effect of 

tonsillectomy to vanish, 7 additional cases in the tonsillectomy group—i.e., a total of 19 

cases—an increase of more than 50%—would need to have been observed. The validity of 

the Danish Cancer Registry is high and secured by the application of manual quality control 

routines, and an underreporting of 50% is unlikely. Therefore, this sensitivity analysis 

indicates that it is unlikely that the results are a reflection of chance alone.
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In conclusion, tonsillectomy reduces tonsil carcinoma diagnosed before age 60 by 85% and 

any tonsil carcinoma by 60%. This observation is made with caution. Tonsillectomy is not a 

surgical procedure to be discounted and can lead to both minor and major complications, 

including death. Careful consideration of the relatively low incidence of oropharyngeal 

carcinoma, potential morbidity and mortality of tonsillectomy, and promising potential 

impact of the prophylactic HPV vaccine is warranted.
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Figure 1. 
Incidence of tonsillectomy and oropharyngeal carcinoma (OPC) in Denmark 1977–2012. 

The x-axis represents the calendar year. The incidence of tonsillectomy and oropharyngeal 

carcinoma per 100,000 person-years is depicted on the y-axes.
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Figure 2. 
Survival analysis of tonsil carcinomas after tonsillectomy. The survival of tonsil carcinoma 

cases with history of no tonsillectomy or remote tonsillectomy was compared with 

tonsillectomy within 1 year of diagnosis. Tonsillectomy within 1 year of diagnosis was 

associated with significantly improved overall survival.
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