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Abstract

Background Removal of tonsils and adenoids is among the most common surgical procedures worldwide. Evidence
of increased risk of cancer following such surgery is, however, inconclusive.

Methods We conducted a population-based, sibling-controlled cohort study of 4,953,583 individuals in Sweden with
a follow-up during 1980-2016. History of tonsillectomy, adenotonsillectomy, and adenoidectomy was identified from
the Swedish Patient Register whereas incident cases of cancer during follow-up were identified from the Swedish
Cancer Register. We used Cox models to calculate hazard ratios (HR) with 95% confidence intervals (Cl) of cancer in
both a population and a sibling comparison. The sibling comparison was used to assess the potential impact of famil-
ial confounding, due to shared genetic or non-genetic factors within a family.

Results We found a modestly increased risk for any cancer following tonsillectomy, adenoidectomy, or adenotonsil-
lectomy in both the population (HR 1.10; 95%CI 1.07-1.12) and sibling (HR 1.15; 95%Cl 1.10-1.20) comparisons. The
association did not differ greatly by type of surgery, age at surgery, or potential indication for surgery, and persisted
more than two decades after surgery. An excess risk was consistently observed for cancer of the breast, prostate, thy-
roid, and for lymphoma in both population and sibling comparisons. A positive association was observed for pancre-
atic cancer, kidney cancer, and leukemia in the population comparison whereas a positive association was observed
for esophageal cancer in the sibling comparison.

Conclusions Surgical removal of tonsils and adenoids is associated with a modestly increased risk of cancer during
the decades following the surgery. The association is unlikely attributed to confounding due to shared genetic or
non-genetic factors with a family.
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Background

Tonsils and adenoids are secondary lymphoid organs
with humoral and cellular immune functions in response
to inhaled or ingested antigens [1]. Surgical removal of
tonsils and adenoids, i.e., tonsillectomy, adenotonsil-
lectomy, and adenoidectomy, is a common procedure
used in the treatment of hypertrophic tonsils, chronic
infection, obstructive sleep apnea, and recurrent middle
ear effusion [2]. For instance, it is estimated that about
289,000 children undergo tonsillectomy annually in the
USA [3], and an increasing number of tonsillectomy is
performed among children of young age [4]. Given their
wide application and the immune function of the organs,
it seems important to assess health outcomes following
these procedures. Indeed, an increased risk of inflamma-
tory bowel disease [5], acute myocardial infarction [6],
as well as respiratory, allergic, and infectious diseases [7]
has been reported among adults or children with prior
surgical removal of tonsils and adenoids, compared to
others.

Risk of cancer after a surgical removal of tonsils and
adenoids has also been studied with conflicting results
(see Table 1 for a summary [2, 8-48]). For instance,
some studies found tonsillectomy to be associated with
an increased risk of Hodgkin’s disease [8, 20], lympho-
cytic leukemia [11], tongue cancer [2], breast cancer [38],
and prostate cancer [41], whereas other studies found
tonsillectomy to be associated with a decreased risk of
Hodgkin’s disease [16], pancreatic cancer [35], and tonsil
cancer [33], or not associated with risk of acute leukemia
[30] or head and neck cancer (excluding tonsil cancer)
[31]. Because few studies examined all cancers, incon-
sistent results might be due to real differences between
cancer types but also to differences in study design and
random error due to the small sample size.

To this end, we performed a large population-based
and sibling-controlled cohort study in Sweden to assess
the long-term risk of the entire spectrum of malignan-
cies following tonsillectomy, adenotonsillectomy, or
adenoidectomy in either childhood or adulthood. The
sibling-controlled design was used to reduce familial
confounding, due to shared genetic or non-genetic risk
factors within a family.

Methods

Study design

We performed a cohort study including all individuals
born during 1932-2016 in Sweden, whose parents were
also born in Sweden, according to the Swedish Total
Population Register. We followed these individuals from
January 1st, 1980, or date of birth, whichever came later,
to a first diagnosis of cancer, emigration out of Sweden,
death, or December 31st, 2016, whichever came first,
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through cross-linkages to the Swedish Cancer Register,
Total Population Register, and Causes of Death Regis-
ter, using the individually unique personal identification
numbers in Sweden. If an individual had a cancer diagno-
sis, emigrated out of Sweden, or died before cohort entry,
we excluded them from the cohort. The final cohort
included 4,953,583 individuals. We identified all newly
diagnosed cancers during the follow-up of the cohort
from the Swedish Cancer Register, which has since 1958
collected information on all incident malignancies in
Sweden [49]. We studied first the risk of any cancer and
then by specific sites and types of cancer. Additional File
1: Table S1 shows the diagnostic codes used to define dif-
ferent cancer types.

We identified tonsillectomy, adenotonsillectomy, and
adenoidectomy from the Swedish Patient Register, which
has since 1964 recorded information on hospital-based
inpatient care in Sweden. The Register records admis-
sion and discharge dates, primary and secondary diag-
noses, as well as surgical procedures [50]. Although the
Register has nationwide coverage for inpatient care since
1987, it covered more than 80% of all inpatient care in the
country since 1980. From 2001 onward, the Register has
also included more than 80% of hospital-based outpatient
care records in Sweden. We used surgical codes 2710
before 1997 and EMBI10 since 1997 for tonsillectomy,
2720 before 1997 and EMB20 since 1997 for adenoton-
sillectomy, and 2720 and 2730 before 1997 and EMB30
since 1997 for adenoidectomy. We also used EMB99
since 1997 to define other resection or excision of tonsils
or adenoids, but there was no corresponding code before
1997. As these procedures have been exclusively per-
formed during inpatient care until 2006 in Sweden [31],
we identified the surgical codes from both inpatient and
outpatient care.

The analytical cohort included in total 589,229 indi-
viduals with recorded surgical removal of tonsils and
adenoids (11.9%) and 4,364,354 individuals without such
exposure (88.1%), comprising the population compari-
son. We treated the exposure status as a time-varying
variable. Hence, if an individual had such a procedure
before cohort entry, they contributed all follow-up time
to the exposed group. If an individual had such a proce-
dure during follow-up, they contributed follow-up time
to the unexposed group before the surgery and to the
exposed group after the surgery. If an individual had no
such surgery either before or during follow-up, they con-
tributed all person-time to the unexposed group.

In addition to the population comparison, we also per-
formed a sibling comparison where we included 107,910
participants of the cohort with recorded surgical removal
of tonsils and adenoids who had at least one full sibling
together with 186,093 unexposed full siblings of these
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Table 1 Summary of existing studies on cancer risk in relation to tonsillectomy
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Study, country

Study design

Sample size

Finding

Hematopoietic malignancies

Vestergaard (2010) [8] Denmark Cohort study

Liaw (1997) [9] Sweden

Becker (2005) [10] Germany

Vineis (2003) [11] Italy

Vineis (2000) [12] Italy

Schiiz (1999) [13] Germany

Gledovi¢ (1991) [14] Serbia

Serraino (1991) [15] ltaly

Bonelli (1990) [16] Italy

Mueller (1987) [17] USA

Hardell (1983) [18] Sweden
Silingardi (1982) [19] Italy

Vianna (1980) [20] USA
Kirchhoff (1980) [21] Brazil
Henderson (1979) [22] USA

Andersen (1978) [23] Denmark

Cohort study

Case—control study

Case—control study

Case—control study

Case—control study

Case—control study

Case-control study

Case—control study

Case—control studies

Case-control study
Case—control study

Case-control study
Case—control study
Case—control study
Case-control study

2.1 million person-years in individuals with
tonsillectomy; 72 incident cases of HD

55,169 individuals with tonsillectomy; 20
incident cases of HD

710 cases (115 HD, 554 B-NHL, 35 T-NHL,
and 6 others) and 710 controls

574 cases (261 LLand 313 ML) and 1718
controls

2669 cases (1388 NHL, 354 HD, 263 MM,
261 LL, 313 ML, and 90 others) and 1718
controls

1010 children with acute leukemia and
1010 controls

113 cases with HD, 113 neighborhood
controls, and 113 hospital controls

152 cases with HD and 613 controls

160 cases with HD and 185 hospital controls

684 cases with HD and 786 sibling controls

59 cases with HD and 117 controls

505 cases with HD, 226 cases with NHL, and
731 controls

81 cases with HD and 81 sibling controls
70 cases with HD and 128 sibling controls
218 cases with HD and 218 controls

63 cases with HD and 182 controls

Among persons under 15 years of age:

1-4 years after tonsillectomy, RR=3.9 (95%Cl:
14-11)

> 5 years after tonsillectomy, RR=3.5 (95%Cl:
1.4-8.5)

> 1 year after tonsillectomy:

Overall SIR=1.4 (95%Cl: 0.9-2.2)

Age at tonsillectomy < 12: SIR=4.1 (95%Cl:
1.6-84)

Age at tonsillectomy 12-19: SIR=1.3 (95%Cl:
0.6-2.5)

Age at tonsillectomy > 20: SIR=0.7 (95%Cl:
0.2-1.8)

Overall:

HD: OR=1.32 (95%Cl: 0.80-2.19)
Follicular lymphoma: OR=1.84 (95%Cl:
1.15-2.93)

CLL: OR=1.42 (95%Cl: 0.88-2.29)
B-NHL: OR=1.24 (95%Cl: 0.96-1.61)
T-NHL: OR=10.86 (95%Cl: 0.36-2.06)
MM: OR=0.78 (95%Cl: 0.42-1.43)

Age at tonsillectomy <6 years:

HD: OR=2.05 (95%Cl: 0.72-5.84)
Follicular lymphoma: OR=4.93 (95%Cl:
1.97-123)

CLL: OR=4.01 (95%Cl: 1.43-11.3)
B-NHL: OR=2.97 (95%Cl: 1.57-5.62)
T-NHL: OR=3.46 (95%Cl: 0.69-17.3)
MM: OR=1.00 (95%Cl: 0.13-8.12)

LL: OR=0.9 (95%Cl: 0.7-1.3)
ML: OR=0.9 (95%Cl: 0.6-1.1)

NHL: OR=1.1 (95%Cl: 0.9-1.3)
HD: OR=1.0 (95%Cl: 0.7-1.3)
MM: OR=0.8 (95%Cl: 0.6-1.2)
LL: OR=0.8 (95%Cl: 0.6-1.1)
ML: OR=0.8 (95%Cl: 0.6-1.1)

OR=14 (95%Cl: 1.0-1.9)

Neighborhood controls: OR=0.91 (95%Cl:
0.45-1.81)

Hospital controls: OR=0.74 (95%Cl: 0.38-1.43)
Any histology type: OR=0.9 (95%Cl: 0.6-1.4)
Nodular sclerosis: OR=1.1 (95%Cl: 0.6-1.9)
Age at tonsillectomy < 10: RR=0.46 (95%Cl:
0.22-0.94)

Age at tonsillectomy 11-20: RR=1.10 (95%Cl:
0.39-2.82)

Age at tonsillectomy >21: RR=1.14 (95%Cl:
0.37-3.51)

15-39 years: RR=1.0 (95%Cl: 0.72-1.4)
40-54 years: RR=1.5 (95%Cl: 0.67-3.3)
>55 years: RR=3.0 (95%Cl: 1.3-6.9)

RR=2.7 (95%Cl: 0.6-11.6)

HD: RR=0.88 (p: NS)
NHL: RR=1.23 (p: NS)

RR=2.7 (95%Cl: 1.1-6.5)
RR=2.5(95%Cl: 1.0-6.0)
RR=0.98 (p: NS)

No association (p=0.79)
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Study, country

Study design

Sample size

Finding

Abramson (1978) [24] Israel

Paffenbarger (1977) [25] USA

Vianna (1974) [26] USA
Johnson (1972) [27] USA
Vianna (1971) [28] USA

Ruuskanen (1971) [29] Finland
Freeman (1971) [30] USA

Solid tumors
Chaturvedi (2016) [31] Sweden

Fakhry (2015) [32] Denmark

Combes (2021) [33] France

Garman (2020) [34] USA

Zevallos (2016) [2] USA

Zhang (2014) [35] USA
Brasky (2009) [36] USA

Zivaljevic (2004) [37] Serbia

Case—control study

Case-control study

Case-control study
Case—control study
Case—control study

Case—control study

Case—control study

Cohort study

Cohort study

Case-case study

Case—control study

Case—control study

Case-control study
Case—control study

Case—control study

403 of cases with HD and 403 controls

45 cases with HD and 180 classmate
controls

95 cases with HD and 95 sibling controls
174 cases with HD and 472 sibling controls
109 cases with HD and 109 controls

53 cases with HD and 53 controls

310 children with acute leukemia and 855
controls

225,718 individuals with tonsillectomy; 144
incident cases of head and neck cancer

90,775 individuals with tonsillectomy; 52
incident cases of oropharyngeal cancer

363 cases with oropharyngeal cancer and
682 cases with non-oropharyngeal head
and neck cancers

396 cases with esophageal adenocarcinoma
and 1102 controls

361 cases with oropharyngeal cancer and
1378 controls

215 cases with pancreatic cancer and 676
controls

740 cases with breast cancer and 810
controls

110 cases with thyroid cancer and 110
hospital controls

HD:RR=1.3 (p: NS)
Mixed cellularity: RR=8.5 (p < 0.0004)
Nodular sclerosis: RR=0.7 (p: NS)

RR=09 (p: 0.84)

RR=2.0(95%Cl: 1.1-3.6)
No association (p: NS)

67 of 101 cases vs. 43 of 107 controls with
tonsillectomy (p <0.001)

5 of 53 cases vs. 7 of 53 controls with tonsil-
lectomy (p: NS)

No association (p: NS)

> 1 year after tonsillectomy:

Tonsil: SIR=0.31 (95%Cl: 0.08-0.79)
Non-tonsil oropharyngeal: SIR=1.61 (95%Cl:
0.77-2.95)

Base of tongue: SIR=1.63 (95%Cl: 0.66-3.36)
Other head and neck: SIR=0.92 (95%Cl:
0.64-1.27)

> 5 years after tonsillectomy:

Tonsil: SIR=0.17 (95%Cl: 0.02-0.62)

Base of tongue: SIR=1.31 (95%Cl: 0.42-3.05)

> 1 year after tonsillectomy:

<60 years:

Oropharyngeal: RR=0.6 (95%Cl: 0.4-0.9)
Tonsil: RR=0.2 (95%Cl: 0.06-0.4)

Base of tongue: RR=0.5 (95%Cl: 0.2-1.4)
>60 years:

Oropharyngeal: RR=2.5 (95%Cl: 1.7-3.8)
Tonsil: RR= 1.8 (95%Cl: 0.9-3.6)

Base of tongue: RR=4.2 (95%Cl: 1.8-9.3)

Oropharyngeal: OR=1.1 (95%Cl: 0.8-1.4)
Tonsil: OR=0.4 (95%Cl: 0.2-0.8)

Base of tongue: OR=1.8 (95%Cl: 1.1-3.1)
Tonsil and base of tongue: OR=0.9 (95%Cl:
0.6-1.4)

Other oropharyngeal cancer: OR=1.2 (95%Cl:
0.9-1.7)

OR=1.8 (95%Cl: 1.2-2.7)

Oropharyngeal: OR=0.63 (95%Cl: 0.47-0.85)
Base of tongue: OR=1.95 (95%Cl: 1.25-3.06)
HPV-positive base of tongue: OR=2.46
(95%Cl: 1.22-4.95)

Tonsil: OR=0.22 (95%Cl: 0.13-0.36)
HPV-positive tonsil: OR=0.17 (95%Cl:
0.08-0.34)

P16-positive base of tongue: OR=2.24 (95%Cl:
1.16-4.35)

P16-positive tonsil: OR=0.14 (95%Cl:
0.07-0.31)

OR=0.67 (95%Cl: 0.48-0.94)

Premenopausal: OR=1.50 (95%Cl: 1.08-2.08)
Postmenopausal: OR=1.05 (95%Cl: 0.79-1.38)

OR=1.11(95%Cl: 0.58-2.11)
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Study, country Study design Sample size

Finding

Yasui (2001) [38] USA Case—control study

controls

[li¢ (1996) [39] Serbia Case—control study

controls

Bueno (1992) [40] Netherlands ~ Case—control study

537 cases with breast cancer and 492

101 cases with prostate cancer and 202

176 cases with exocrine pancreatic carci-

Age at tonsillectomy 0-4: OR=0.82 (95%Cl:
0.50-1.35)

Age at tonsillectomy 5-9: OR=1.05 (95%Cl:
0.76-1.43)

Age at tonsillectomy 10-14: OR=1.08 (95%Cl:
0.72-1.64)

Age at tonsillectomy > 15: OR=1.68 (95%Cl:
1.09-2.6)

7 of 101 cases vs. 10 of 202 controls with
tonsillectomy (p: NS)

OR=0.86 (95%Cl: 0.55-1.36)

noma and 487 controls

Whittemore (1985) [41] USA Case—control study

controls

Gold (1985) [42] USA Case—control study

Lubin (1982) [43] Canada Case—control study

controls
Any cancer

Sun (2015) [44] Taiwan Cohort study

Cassimos (1973) [45] Greece Case—control study
Gross (1966) [46] USA Case—control study
Howie (1996) [47] Scotland Case—control study

Kessler (1969) [48] USA Case—control study

243 cases with prostate cancer and 972

201 cases with pancreatic cancer and 402
controls (201 hospital controls and 201 non-
hospital controls)

577 cases with breast cancer and 826

997 individuals with tonsillectomy, 37
incident cases of cancer

500 patients with cancer and 500 controls
300 cases with cancer and 200 controls with
noncancerous diseases

1019 cases with cancer and 623 controls

461 cases with cancer and 223 controls

RR=1.9(95%Cl: 1.4-2.6)

Hospital controls: OR=10.29 (95%Cl: 0.14-0.59)
Non-hospital controls: OR=0.26 (95%Cl:
0.12-0.59)

>65 years: RR=2.3 (95%Cl: 1.3-3.9)

> 3 years after tonsillectomy: IRR=1.57 (95%Cl:
1.02-2.41)

11 of 500 cases vs. 45 of 500 controls with
tonsillectomy (p<0.01)

23% of cases vs. 24% of controls with tonsil-
lectomy (p: NS)

23% of cases vs. 12% of controls with tonsil-
lectomy (p<0.05)

Overall: RR=1.17 (p: NS)

Male: RR=1.26 (p: NS)

Female: RR=1.06 (p: NS)

Cancer site:

Buccal cavity (male): RR=1.71 (p: NS)
Colon and rectum (Male): RR=1.87 (p: NS)
Respiratory (male): RR=1.43 (p: NS)

Breast (female): RR=1.07 (p: NS)

Genitalia (female): RR=0.79 (p: NS)

RR relative risk/risk ratio, CI confidence interval, OR, odds ratio, SIR standardized incidence rate ratio, IRR incidence rate ratio, HD Hodgkin’s disease, NHL non-Hodgkin's
lymphoma, B-NHL B-cell non-Hodgkin lymphoma, MM multiple myeloma, LL lymphocytic leukemia, ML myeloid leukemia, NS not statistically significant, NA not

available

individuals. We used the sibling comparison to reduce
the potential impact of familial confounding, due to
genetic and non-genetic factors shared between full sib-
lings, on the studied association.

Statistical analyses

We first summarized for both the population and sibling
comparisons characteristics of the study participants,
including sex, age at cohort entry, and educational attain-
ment by exposure status. We obtained information on the
highest educational attainment during the study period
(i.e., 0-9 years, 10-12 years,>13 years, or “unknown”),
as a proxy for socioeconomic status, for all participants
through the Swedish Longitudinal Integrated Database

for Health Insurance and Labor, which has since 1990
collected annually updated information on demographic
and socioeconomic status for individuals above 16 years
in Sweden. We then calculated the crude incidence rate
(IR) of cancer by exposure status, dividing the number of
incident cancer cases by the accumulated person-years.
Finally, in the population comparison, we used Cox mod-
els to estimate the average hazard ratio (HR) and 95%
confidence interval (CI) of cancer in relation to the expo-
sure. We used attained age as the underlying time scale
and adjusted for sex, educational attainment, and calen-
dar period during follow-up. In the sibling comparison,
we used conditional Cox models with family identifiers as
the strata and the same adjustment as in the population
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comparison. To alleviate concern on surveillance bias
(i.e., individuals who underwent a surgical procedure
might be more surveyed immediately following the pro-
cedure, compared to others, leading to a higher-than-
expected rate of cancer detection) or reverse causation
(i.e., a surgical procedure might be given for a condition
that is secondary to an upcoming cancer), we excluded
in all analyses the first three years of follow-up from the
exposed group and included instead these years in the
unexposed group.

We first analyzed any cancer as one outcome and then
separately by site and type of cancer. We then focused on
any cancer as outcome and performed analyses by type
of surgery (i.e., tonsillectomy, adenotonsillectomy, or
adenoidectomy), age at surgery, potential indication for
surgery, and time since surgery, to examine whether the
risk of cancer would differ by type of surgery, between
young and older age at surgery, or between individuals
with or without documented indications, as well as to
understand the temporal pattern of cancer risk following
such surgery. For the exposed group, we identified from
the Swedish Patient Register any hospital visit with a dis-
charge diagnosis of hypertrophy of tonsils and adenoids,
chronic infection in tonsils and adenoids, sleep-related
conditions, and other chronic diseases of the tonsils and
adenoids before the date of surgery and considered them
as potential indications for surgery. Additional File 1:
Table S2 shows the diagnostic codes used to define these
indications. To assess potential effect modifiers, we also
performed stratified analyses by sex, age at follow-up,
and educational attainment for any cancer. Specifically,
we also examined the associations for individual sites and
types of cancer among men and women. Assuming the
normal distribution for the estimated HRs, we used Chi-
square test to examine the statistical significance for the
difference or a potential trend between the HRs of differ-
ent subgroups.

Finally, we performed a series of sensitivity analyses
based on the population comparison to assess the robust-
ness of the findings. First, to understand the potential
influence of indication bias, namely that it is the indi-
cations for the surgical removal of tonsils or adenoids,
rather than the procedure itself, which are associated
with the risk of cancer, we performed a sensitivity anal-
ysis comparing the exposed individuals with a potential
indication for the surgery (i.e., with a discharge diagnosis
of hypertrophy of tonsils and adenoids, chronic infection
in tonsils and adenoids, sleep-related conditions, and
other chronic diseases of the tonsils and adenoids) to the
unexposed individuals with a discharge diagnosis of these
conditions without however experiencing the procedure
(“indication group”). Second, some individuals had the
procedure before 1980 and had to be free of cancer until
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cohort entry to be included in the analysis. In a second
sensitivity analysis, we excluded these individuals from
the exposed group to assess the potential influence of
such “survival bias” and to assess if such bias varied by
age. Finally, we in the main analysis excluded the first
three years of follow-up from the exposed group and
included them in the unexposed group. However, the risk
of cancer during the immediate time following the surgi-
cal removal is also interesting to estimate. We therefore
performed a third sensitivity analysis including the first
three years of follow-up in the exposed group instead.

Data management and analyses were performed using
SAS version 9.4 (SAS Institute Inc, Cary, NC) and R ver-
sion 3.6.0. A two-sided P<0.05 was considered statisti-
cally significant. We did not adjust for multiplicity of
statistical tests, as adopting a top-down approach, the
main hypothesis of increased risk of cancer in relation to
surgical removal of tonsils and adenoids consists of only
one test.

Results

Individuals with a surgical removal of tonsils or adenoids
were more likely female and younger at cohort entry,
and had higher educational attainment, compared with
others, in both the population and sibling comparisons
(Table 2).

In the population comparison, individuals with a sur-
gical removal of tonsils or adenoids had a slightly higher
risk of any cancer (HR 1.10; 95%CI 1.07-1.12), compared
with individuals without such surgery, after adjustment
for sex, age, and calendar period at follow-up, and edu-
cational attainment (Fig. 1a, Additional File 1: Table S3).
A statistically significant positive association was noted
for cancer of the pancreas (HR 1.23; 95%CI 1.05-1.44),
breast (HR 1.06; 95%CI 1.01-1.10), prostate (HR 1.15;
95%CI 1.09-1.22), kidney (HR 1.33; 95%CI 1.16-1.52),
and thyroid (HR 1.18; 95%CI 1.00-1.38), as well as non-
melanoma skin cancer (HR 1.14; 95%CI 1.01-1.29),
other cancer in the endocrine system (HR 1.15; 95%CI
1.02-1.29), lymphoma (HR 1.11; 95%CI 1.00-1.23),
and leukemia (HR 1.22; 95%CI 1.08—1.37). The associa-
tion for lymphoma was mainly noted for non-Hodgkin
lymphoma (HR 1.15; 95%CI 1.03-1.29). Although not
statistically significant, a positive association was also
suggested for esophageal cancer.

In the sibling comparison, we also found an increased
risk of any cancer following the procedure (HR 1.15;
95%CI 1.10-1.20) (Fig. 1b, Additional File 1: Table S4). A
positive association was noted for cancer of the esopha-
gus (HR 2.09; 95%CI 1.02—4.31), breast (HR 1.16; 95%CI
1.02-1.32), prostate (HR 1.24; 95%CI 1.05-1.48), thyroid
(HR 1.63; 95%CI 1.11-2.40), and for lymphoma (HR 1.28;
95%CI 1.03-1.61). Although not statistically significant,
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Table 2 Baseline characteristics of study participants by status of surgical removal for tonsils and adenoids, a population-based and
sibling-controlled cohort study during 1980-2016 in Sweden

Characteristics

Population comparison

Sibling comparison

Individuals with surgery

Unexposed population

Individuals with surgery

Unaffected siblings

reference
Sex
Male 67,345 (43.5%) 2,416,969 (51.6%)
Female 87,425 (56.5%) 2,268,040 (48.4%)
Age at cohort entry
0-6 38,796 (25.1%) 635,775 (13.6%)
7-12 30,905 (20.0%) 603,560 (12.9%)
13-18 28,928 (18.7%) 626,305 (13.4%)
19-45 55,259 (35.7%) 2,620,209 (55.9%)
46+ 882 (0.6%) 199,160 (4.4%)

Educational attainment

-9 years 20,358 (13.2%) 961,895 (20.5%)
>9-12 years 76,393 (49.4%) 2,085,097 (44.5%)
>12 years 56,965 (36.8%) 1,550,080 (33.1%)
Unknown 1054 (0.7%) 87,937 (1.9%)

46,875 (43.4%)
61,035 (56.6%)

25,877 (24.0%
21,509 (19.9%
20,688 (19.2%
39,557 (36.7%
279 (0.3%)

)
)
)
)

13,922 (12.9%)
52,677 (48.8%)
40,860 (37.9%)
451 (0.4%)

96,653 (51.9%)
89,440 (48.1%)

8 (20.5%)
32,449 (17.4%)
32,609 (17.5%)

1,667 (43.9%)
1250 (0.7%)

32,134 (17.3%)
89,674 (48.2%)
63,012 (33.9%)
1273 (0.7%)

a positive association was also suggested for pancreatic
cancer, kidney cancer, and leukemia.

The increased risk of any cancer did not vary greatly
by type of surgery, age at surgery, or potential indica-
tion for surgery in either the population or sibling com-
parison (Table 3). The association persisted more than
20 years after surgery. The HR was 1.14 (95%CI 1.07-
1.23) during 11-20 years after surgery and 1.09 (95%CI
1.06-1.21) from 21 years onward after surgery in the
population comparison and 1.19 (95%CI 1.01-1.41) dur-
ing 11-20 years after surgery and 1.12 (95%CI 1.06—1.18)
from 21 years onward after surgery in the sibling com-
parison. Finally, the stratified analyses by sex, age at fol-
low-up, and educational attainment did not disclose any
statistically significant interactions between the proce-
dure and these variables (Table 4). The stratified analy-
ses by sex, age at follow-up, and educational attainment
did not disclose any statistically significant interactions
between the procedure and these variables (Table 4).
Finally, the associations for individual sites and types of
cancer did not differ greatly between men and women
either (Additional File 1: Table S5).

When restricting the analysis to exposed and unex-
posed individuals with an indication for surgical removal
of tonsils and adenoids, we still found a positive associa-
tion for any cancer (HR 1.07; 95%CI 1.05-1.10). Exclud-
ing individuals that had the procedure before cohort
entry did not change the results greatly (HR 1.11; 95%CI
1.08-1.14 for any cancer). Analysis by age at follow-up
also rendered similar results as those in the main analy-
sis (HR 1.21; 95%CI 0.86—1.70 for<20; HR 1.12; 95%CI

1.05-1.19 for 21-40; and HR 1.11; 95%CI 1.07-1.15 for
41-). Including the first three years of follow-up in the

exposed group did not change the results greatly either
(HR 1.11; 95%CI 1.09-1.13 for any cancer).

Discussion

Based on a population-based and sibling-controlled
cohort study of almost five million individuals with a
follow-up of up to 36 years, we found a surgical removal
of tonsils and adenoids to be associated with a modestly
increased overall risk of cancer during the decades fol-
lowing the surgery. Among individual cancer types, an
increased risk was noted for breast cancer, prostate can-
cer, thyroid cancer, and lymphoma. These associations
are corroborated between the population and sibling
comparisons, suggesting that they are unlikely attributed
to confounding due to shared genetic, lifestyle, or envi-
ronmental factors within a family.

Given the widespread use of tonsillectomy, adenoton-
sillectomy, and adenoidectomy as well as the immune
function of tonsils and adenoids, multiple studies have
examined the relationship between these procedures
and risk of cancer. In our literature review, we identified
42 studies that investigated risk of cancer in relation to
tonsillectomy, among which 23 studied hematopoietic
malignancies, 14 studied a specific type or group of solid
tumors, whereas five studied the overall risk of cancer
(Table 1). Among the five studies that examined the over-
all risk of cancer, one is a cohort study whereas the oth-
ers are case—control studies. The cohort study and one
case—control study found a positive association between
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Fig. 1 Hazard ratio (HR) and 95% confidence interval (Cl) for cancer in relation to a surgical removal of tonsils or adenoids, results of any cancer and
by site and group of cancer in the population (a) or sibling (b) comparison
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Table 3 Incidence rate (IR, per 100,000 person-years) and hazard ratio (HR) with 95% confidence interval (Cl) of any cancer in relation
to surgical removal of tonsils and adenoids, analysis by characteristics of the surgery, a population-based and sibling-controlled cohort

study (3-year lag time)*

Population comparison

Sibling comparison

Characteristics N of cases/IR HR (95%Cl)? N of cases/IR HR (95%CI)?

Type of surgery
No surgery 579,451/358.0 Ref 17,735/228.2 Ref
Tonsillectomy 8575/296.0 1.09 (1.07-1.11) 6016/292.6 1.14 (1.09-1.20)
Adenotonsillectomy 409/155.9 1.17 (1.05-1.28) 308/163.3 1.05 (0.85-1.31)
Adenoidectomy 890/138.3 1.10(1.03-1.17) 662/143.7 1.15(0.99-1.33)
P for difference 0.28 0.71

Age at surgery
No surgery 579,451/358.0 Ref 17,735/228.2 Ref
1-6 30/56.1 1.13(0.79-1.62) 18/56.2 0.96 (0.29-3.12)
7-12 302/72.8 1.13(1.00-1.29) 209/77.5 (O 94— 240)
13-18 777/112.1 1.02(0.94-1.11) 545/1154 1(0.92-1.58)
19-45 7501/305.5 1.08 (1.05-1.10) 5316/302.6 (1 06-1.19)
46— 1168/1114.6 1.07 (0.97-1.17) 760/1102.3 06 (0.6 84)
P for difference 0.63 0.57

Potential indications for surgery
No surgery 579,451/358.0 Ref 17,735/228.2 Ref
Hypertrophy of tonsils and adenoids 5512/2426 1.08 (1.05-1.12) 3853/245.2 1.19(1.11-1.17)
Chronic tonsilitis, pharyngitis and nasopharyngitis, or peritonsillar  2718/255.7 1.09 (1.07-1.12) 1947/255.8 1.12(1.06-1.18)

abscess
Sleep disorders or dyspneaand  respiratory abnormalities 78/600.8 1.09 (1.07-1.12) 58/629.6 1.14 (1.09-1.20)
Other diseases of tonsils and adenoids 173/113.3 1.10(1.07-1.12) 121/152.2 1.15(1.10-1.20)
P for difference 0.74 0.36

Time since surgery
No surgery 579,451/358.0 Ref 17,735/228.2 Ref
>3-10 years 994/100.0 1.06 (0.92-1.21) 676/97.1 1.25 (0.89-1.76)
11-20 years 2281/178.6 4(1.07-1.23) 1615/180.6 1.19(1.01-1.41)
21-years 6503/449.0 1.09 (1.06-1.12) 4557/451.5 1.12(1.06-1.18)
P for trend 027 0.001

2 Adjusted for attained age, sex, calendar period at follow-up, and highest educational attainment; sibling comparison was also conditioned on family identifiers

tonsillectomy and risk of cancer, in agreement with our
study [44, 47], whereas the other three reported either
a null [46, 48] or an inverse [45] association. Although
not statistically significant, one of the two null studies
did also report a higher risk of any cancer in relation to
tonsillectomy [48]. It is difficult to compare the results of
the other two studies [45, 46] to that of the present study.
For instance, it is unclear whether some, if any, of the
cancer patients included in the studies were newly diag-
nosed as in the present study. Inclusion of prevalent cases
could lead to selection bias as patients surviving a cancer
might differ from newly diagnosed patients. The fact that
the controls of the two studies consisted of residents of
homes for elderly, hospital personnel, and patients with
noncancerous diseases constitutes another concern of

selection bias as it may indeed be unlikely that these con-
trols adequately reflect the exposure prevalence in the
source population that gave rise to the cases.

Our findings on breast cancer, prostate cancer, thyroid
cancer, and lymphoma are partly in accordance with the
existing literature. In our literature review (Table 1), we
identified four original studies and one meta-analysis on
breast cancer, which all showed a positive association
between tonsillectomy and risk of breast cancer [36, 38,
43, 44, 51], either overall or in specific groups. We found
two studies on prostate cancer [41, 52], with one report-
ing a positive association [41] and another reporting a null
association [39]. The latter study was, however, small and
likely underpowered. We found only one study on thyroid
cancer without showing a positive association [53]. The
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Table 4 Incidence rate (IR, per 100,000 person-years) and hazard ratio (HR) with 95% confidence interval (Cl) of any cancer in relation
to surgical removal of tonsils and adenoids, stratified analysis by sex, age at follow-up, and educational attainment (3-year lag time)

Characteristics

Population comparison
Individuals with surgery

Unexposed population reference

N of cases/IR
Sex
Male 3863/239.8
Female 5915/280.2
P for difference
Age at follow-up
<20 52/213
21-40 1452/79.6
41— 8274/500.2
P for difference
Educational attainment
-9 years 1870/377.0
>9-12 years 4549/244.2
>12 years 3271/240.7
Unknown 88/2131.9
P for difference

Sibling comparison
Characteristics Individuals with surgery

N of cases/IR

Sex
Male 2700/240.3
Female 4148/281.0
P for difference

Age at follow-up

<20 37/232
21-40 1010/80.0
41~ 5801/492.7

P for difference
Educational attainment

-9 years 1277/373.1
>9-12 years 3169/246.3
> 12 years 2373/2450
Unknown 29/1618.8
P for difference

HR (95%Cl)? N of cases/IR HR (95%Cl)?
1.10(1.06-1.13) 289,754/348.8 Ref
1.06 (1.03-1.09) 289,697/367.6 Ref
0.06

1.28 (0.97-1.68) 2985/15.2 Ref
1.08 (1.02-1.14) 38,207/66.8 Ref
1.08 (1.06-1.11) 538,259/632.8 Ref
036

1.11 (1.06-1.17) 176,912/545.5 Ref
1.06 (1.03-1.09) 239,727/324.1 Ref
1.11(1.07-1.15) 149,981/273.4 Ref
1.46 (1.18-1.80) 12,831/2098.0 Ref
0.05

Unaffected siblings

HR (95%Cl)° N of cases/IR HR (95%Cl)®
1.16 (1.06-1.28) 8788/2233 Ref
1.14 (1.06-1.23) 8947/233.2 Ref
0.75

0.94 (0.51-1.72) 251/15.1 Ref
1.16 (1.03-1.30) 2125/63.9 Ref
1.15 (1.09-1.20) 15,359/551.2 Ref
0.78

1.12(0.97-1.28) 4749/3784 Ref
1.14 (1.04-1.23) 8085/212.9 Ref
1.25(1.13-1.39) 4773/176.1 Ref
Not estimable 128/1461.7 Ref
0.85

2 Adjusted for attained age, sex, calendar period at follow-up, and educational attainment

b Conditioned on family identifiers and adjusted for attained age, sex, calendar period at follow-up, and educational attainment

study included however only 100 cases and 100 controls.
Among studies on hematopoietic malignancies, many
analyzed Hodgkin’s disease [8-10, 12, 14—29], including
five studies reporting a positive association [8, 20, 21, 26,
28] and two studies reporting a non-significantly higher
risk of Hodgkin’s disease following tonsillectomy [9, 10].
Two of these studies are cohort studies [8, 9], like the
present study. However, all three studies have a relatively
small number of incident cases with Hodgkin’s disease
(73 or fewer among individuals exposed to tonsillectomy),

making false positive or negative findings a concern in all.
Other studies reported a null association, often based on a
small sample size [12, 14, 16, 18, 23, 25, 29]. Another two
studies examined non-Hodgkin lymphoma [10, 12] with-
out reaching a consensus.

In addition to these main findings, which are consistent
between the population and sibling comparisons, we also
observed a higher risk of esophageal cancer, pancreatic
cancer, kidney cancer, and leukemia following a surgical
removal of tonsils and adenoids in either the population or
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sibling comparison. In line with our finding, the only prior
study on esophageal cancer also reported a positive asso-
ciation [34]. In contrast, three previous studies on pan-
creatic cancer are at odds with our study, showing a null
[40] or inverse [35, 42] association between tonsillectomy
and risk of pancreatic cancer. We identified four studies
on leukemia, with one cohort study demonstrating a posi-
tive association between tonsillectomy and acute leukemia
in childhood [13] whereas the other three showing a null
result [11, 12, 30]. Finally, we found four studies on head
and neck cancer, with one cohort study showing a higher
risk of head and neck cancer in relation to tonsillectomy
among individuals at 60 and above but not younger [32],
whereas others, including one cohort and two case—con-
trol studies, showed mixed results [2, 31, 33]. In the pre-
sent study, a higher risk of head and neck cancer following
a surgical removal of tonsils and adenoids was suggested
in sibling comparison but not in population comparison.
The lack of association in the population comparison cor-
roborates with the null finding of one existing cohort study
[31]. The positive association noted among individuals at
60 or above of the other cohort study [32] should also be
interpreted with caution given the very small number of
cases identified among individuals with tonsillectomy (23
or fewer).

An increased risk of cancer following surgical removal
of tonsils and adenoids might be due to multiple reasons.
Tonsils and adenoids, as secondary lymphoid organs, pro-
duce secondary immune responses through exhibiting
specific antibodies and B and T cell activities, demonstrat-
ing humoral and cellular immune functions [54]. Removal
of lymphoid tissues and its resultant immune-response
alterations might therefore contribute to an increased risk
of cancer [13, 55]. Alternatively, individuals receiving a sur-
gical removal of tonsils and adenoids might have impaired
immune responses to combat the underlying conditions
(e.g., hypertrophic tonsils, chronic infection, and recurrent
middle ear effusion), regardless of the surgical procedure.
Although previous studies failed to demonstrate significant
damages to the immune system [56—60] or showed only a
transient decline in immunity [61] subsequent to tonsil-
lectomy, multiple studies have indeed shown an increased
risk of autoimmune disease [62], irritable bowel disease
specifically [5], as well as a collective group of respira-
tory, allergic, and infectious diseases [7], demonstrating
the presence of immune dysfunction among individuals
with a previous tonsillectomy. Finally, the indications of
the surgical removal, such as chronic infection, rather than
the surgical procedure itself, might increase the risk of cer-
tain cancers. An infectious etiology is indeed confirmed
for many cancer types, and estimated to be responsible
for 10-20% of all human cancers [63]. The similar result
on any cancer shown in sensitivity analysis comparing
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exposed individuals with registered indications for surgical
removal of tonsils or adenoids to unexposed individuals
with similar diagnoses argues against indication bias as the
sole explanation for the observed association. This sensi-
tivity analysis is however not free of bias. For instance, we
identified potential indications through registered hospital
diagnoses alone and did not have detailed clinical infor-
mation. As a result, although both groups had diagnoses
that could potentially serve as indications for the surgical
removal of tonsils and adenoids, individuals that eventu-
ally underwent the surgical procedure might have had
“real indications” (e.g., severe and persistent symptoms)
whereas individuals that did not undergo the surgical pro-
cedure might not have had such “real indications” (e.g.,
milder and transient symptoms) or have had contraindica-
tions for the surgical removal of tonsils and adenoids (e.g.,
anemia, poor anesthetic risk, and acute infection). Such
differences might be associated with the risk of cancer in
general or the risk of specific cancers (e.g., hematopoietic
malignancies), leading to biased results. Regardless, irre-
spective of the underlying reasons (most likely multifold),
this finding is still of substantial public health importance,
given the high prevalence of the procedure (11% in the
present study population) and the persistently increased
risk of cancer more than 20 years after the procedure.

Strengths of the present study include the population-
based and sibling-controlled cohort design, the large
sample size, the long and complete follow-up, and the
prospective and independent collection of data on surgi-
cal procedures as well as cancer occurrence. The popula-
tion-based design and the complete follow-up alleviated
concerns on selection bias. The large sample size and
long follow-up provided a unique opportunity to exam-
ine different characteristics of the exposure and individ-
ual types of cancer without a high risk of chance finding.
The prospective and independent collection of data on
exposure, outcome, and covariables allayed concerns on
information bias often seen in cross-sectional studies
(e.g., case—control studies). The possibility to cross-vali-
date findings between population comparison and sibling
comparison alleviated concerns on residual confound-
ing due to factors potentially shared between siblings,
genetic, lifestyle, or environmental. Finally, unlike previ-
ous studies that almost exclusively studied tonsillectomy,
our study is the first effort to assess simultaneously ton-
sillectomy, adenotonsillectomy, and adenoidectomy and
demonstrates a similar risk increase in cancer following
all three procedures.

Limitations of the study include firstly that we did not
have access to the medical records of the surgeries and
had to rely on previous disease history when identifying
potential indications for the surgical removal of tonsils
and adenoids. Second, although we contrasted findings
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between population and sibling comparisons, the sibling
comparison does not consider risk factors not shared
between siblings. Finally, whether the findings of the pre-
sent study could be readily generalizable to other settings
with different healthcare systems is uncertain.

Conclusions

Surgical removal of tonsils and adenoids is associated
with a modestly increased risk of cancer during the dec-
ades following the surgery. The association is unlikely
attributed to confounding due to shared genetic or non-
genetic factors with a family.
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