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Abstract

Objectives. To evaluate the risk of second primary cancers in 
patients with major salivary gland cancer using a large popula-
tion database and to examine the effects of sex, salivary gland 
cancer histology, and radiation therapy on the risk of second 
primaries.

Study Design. Population-based study using the Surveillance, 
Epidemiology, and End Result (SEER) cancer database.

Subject and Methods. The subjects were 15,572 men and wom-
en ages 15 and above, diagnosed with cancer of the major 
salivary glands from 1973 to 2006.

Results. There was an increased risk of oral cavity (standard-
ized incidence ratio [SIR] = 3.48, P < .05), salivary (SIR = 9.97, 
P < .05), lung and bronchus (SIR = 1.60, P < .05), kidney (SIR = 
1.68, P < .05), and thyroid (SIR = 2.66, P < .05) cancers. Men had 
an increased risk of developing kidney cancer (SIR = 1.70, P < 
.05) compared with women (SIR = 1.64, P > .05). Patients with 
mucoepidermoid carcinoma had an increased risk of a second 
salivary gland cancer (SIR = 8.97, P < .05) and thyroid cancer 
(SIR = 3.97, P < .05). Patients with adenoid cystic carcinoma 
had an increased risk of oral cavity (SIR = 3.76, P < .05) and 
nasopharyngeal (SIR = 16.88, P < .05) cancers. Patients with 
acinar cell carcinoma had an increased risk of salivary (SIR = 
31.36, P < .05), kidney (SIR = 2.98, P < .05), and thyroid (SIR = 
3.85, P < .05) cancers. Patients who received radiation therapy 
had a higher incidence of lung and bronchus (SIR = 2.11, P < 
.05), laryngeal (SIR = 3.08, P < .05), and thyroid (SIR = 2.95, P < 
.05) cancers compared with patients who did not receive radia-
tion therapy (SIR = 1.18, 0.48, and 2.39, respectively; P > .05). 
Patients had an increased risk of developing second primaries, 
even 10 years after diagnosis of primary salivary gland cancer.

Conclusions. Patients with major salivary gland cancers are at 
a risk for certain second primary cancers. This highlights the 
need for long-term surveillance in these patients, not only for 
recurrence but also for second primary cancers.
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Salivary gland cancers are relatively rare, with an annual 
age-adjusted incidence of 0.9 in 100,000.1 They account 
for approximately 6% of head and neck malignancies 

and 0.3% of all cancers.2 However, there is evidence that the 
incidence of salivary gland cancer is rising.3,4 It is thought that 
several factors, such as exposure to ionizing radiation, dental 
x-rays, and silica dust, may play a role in the development of 
salivary gland cancer.5-8 However, the cause of salivary gland 
cancer is not completely understood.

Surveillance after treatment of salivary gland cancer gener-
ally focuses on monitoring of locoregional and distant recur-
rence. There is evidence that monitoring for second primary 
cancers should also be considered. Several studies have exam-
ined the incidence of second primary cancers in salivary gland 
cancer patients with varied, sometimes conflicting, results.9-11 
Unfortunately, most of these studies had small sample sizes, 
and none included cases diagnosed after 1992. The purpose of 
our study was to evaluate the risk of second primary cancers 
in patients with major salivary gland cancer using a large pop-
ulation database and to examine the effects of sex, salivary 
gland cancer histology, and radiation therapy on the risk of 
second primaries.

Methods
Data were obtained from the Surveillance, Epidemiology, and 
End Result (SEER) program of the National Cancer Institute, 
which includes data from 9 population-based registries: 5 
states (Connecticut, Hawaii, Iowa, New Mexico, and Utah) 
and 4 standard metropolitan areas (Atlanta, Georgia; Detroit, 
Michigan; San Francisco–Oakland, California; and Seattle–
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Puget Sound, Washington).12 The study cohort consisted of 
men and women ages 15 and above, who were diagnosed with 
cancer of the major salivary glands from 1973 to 2006. The 
International Classification of Diseases for Oncology (ICD-
O) site codes used for major salivary gland cancer were C07.9 
(parotid gland), C08.0 (submandibular gland), C08.1 (sublin-
gual gland), C08.8 (overlapping lesion of major salivary 
glands), and C08.9 (major salivary gland, NOS). The ICD-O 
histology/behavior codes were grouped into several catego-
ries: mucoepidermoid (8430/3), adenoid cystic (8200/3), 
adenocarcinoma (8255/3), and acinar carcinoma (8430/3). 
SEER files also contain information on the initial type of 
therapy within broad categories but do not record subsequent 
therapies. Radiation therapy is recorded as: none; beam radia-
tion; radioactive implants; radioisotopes; combination of 
beam with implants or isotopes; radiation, not otherwise 
specified (NOS); other radiation; refused; recommended, 
unknown if administered; and unknown. For the purposes of 
our study, these were grouped into 2 broad categories: radia-
tion and no radiation. The latency exclusion period for second 
primaries was 6 months. The SEER computer software 
(SEER*Stat 6.5.2) was used for statistical analysis. Standardized 

incidence ratios (SIRs) were calculated to evaluate the risk of 
second primaries for each site. SIR was obtained by calculat-
ing the ratio of the incidence of second primary cancers in the 
cohort to the expected incidence in general population. The 
expected incidence was obtained by applying age-, sex-, and 
site-specific incidence rates by calendar year to person-years 
at risk for each respective cancer case. The SIRs are displayed 
in tables as observed/expected (O/E). This study was exempt 
from the New York Eye and Ear Infirmary Institutional 
Review Board review because it was conducted using public 
data.

Results
From 1973 to 2006, the SEER system received 15,572 reports 
of major salivary gland cancer in patients ages 15 and above. 
There were 8480 men and 7092 women. Mucoepidermoid 
was the most common histology (20%), followed by adenoid 
cystic carcinoma (11%) and acinar cell carcinoma (9%). 
There were only 6 cases of adenocarcinoma.

Table 1 shows the SIRs for second primary cancers among 
men and women after major salivary gland cancer. There was 
an increased risk of second primary cancer when all sites are 
considered. There was an increased risk of oral cavity, sali-
vary, lung and bronchus, kidney, and thyroid cancers overall. 
Men had an increased risk of developing kidney cancer, 
whereas women did not. On examining the effect of salivary 
gland cancer histology on the risk of second primary sites 
(Table 2), we found that patients with mucoepidermoid carci-
noma had an increased risk of a second salivary gland cancer 
and of thyroid cancer. Patients with adenoid cystic carcinoma 
had an increased risk of oral cavity and nasopharyngeal can-
cers. Patients with acinar cell carcinoma had an increased risk 
of salivary, kidney, and thyroid cancers.

The risk of second primaries was increased in patients 
treated with and without radiation therapy. Both groups had an 
increased risk of developing salivary gland and oral cavity 
second primaries. Patients who received radiation therapy had 
an increased incidence of lung and bronchus, laryngeal, and 
thyroid cancer. Patients who did not receive radiation therapy 
had an increased incidence of kidney cancer (Table 3). Table 
4 shows the latency period between the diagnosis of primary 
salivary gland cancer and development of second primary 
cancers. Patients with salivary gland cancer had an increased 
risk of developing oral cavity, salivary gland, lung, and bron-
chus second primaries, even 10 years after diagnosis of pri-
mary salivary gland cancer.

Discussion
The results of our studies show that patients diagnosed with 
major salivary gland cancer are at increased risk of develop-
ing second primary cancers, especially in the salivary gland, 
oral cavity, thyroid, lungs, and kidneys. Furthermore, this risk 
remains high even 10 years after diagnosis of the initial pri-
mary cancer, especially for cancers of oral cavity, salivary 
gland, and lung/bronchus. This emphasizes the importance of 
long-term surveillance of patients after treatment of major 

Table 1. Risk of Second Primary Cancers by Site

Men and 
Women Men Women

All sites 1.24a 1.27a 1.20a

Oral cavity 3.48a 3.72a 2.97a

Salivary gland 9.97a 6.25a 16.51a

Oropharynx 1.62 1.62 1.61
Nasopharynx 2.5 1.82 4.01
Esophagus 0.89 0.58 1.88
Stomach 0.71 0.71 0.69
Small intestine 0.68 0.6 0.78
Colon 1.14 1.09 1.2
Anorectal 0.79 0.71 0.92
Hepatobiliary 0.93 1.18 0.54
Pancreas 0.97 1.16 0.76
Larynx 1.66 1.53 2.31
Lung and bronchus 1.60a 1.77a 1.32a

Trachea 0 0 0
Melanoma of the skin 1.17 1.37 0.81
Bones and joints 2.65 2.4 2.96
Female breast 0.96 0 0.96
Cervix 1.28 0 1.28
Uterus 0.71 0 0.71
Ovary 1.2 0 1.2
Prostate 1.08 1.08 0
Urinary bladder 0.87 0.83 1.01
Kidney 1.68a 1.70a 1.64
Brain 0.86 1.06 0.59
Thyroid 2.66a 3.26a 2.38a

Values are the standardized incidence ratios expressed as observed/ 
expected.
aP < .05.
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salivary gland cancer. The sites of second primary cancers 
varied according to the histology of the primary salivary 
gland cancer. The sites of second primary cancers were simi-
lar between the sexes, except for kidney cancer, which 
showed increased risk in men compared with women. 
Radiation therapy increased the risk of developing cancers of 
the thyroid, laryngeal, and lung/bronchus. However, there 
was an increased risk of developing oral cancer or a second 
salivary gland cancer regardless of radiation status.

Several other studies have examined the incidence of sec-
ond primary cancers in salivary gland cancer patients with 
varied, sometimes conflicting, results. Biggar et al10 evaluated 
the risk of second primary cancers following salivary gland 
cancer. Data were extracted from the Connecticut Tumor 
Registry for patients diagnosed with salivary gland cancer 
from 1935 to 1978. The investigators found that men had an 
increased risk of respiratory cancers, whereas women had an 
increased risk of ovarian cancer. This is in contrast to our find-
ings, which showed no increased risk of ovarian cancer and an 
increased risk of lung/bronchus cancer regardless of sex. Sun 
et al11 examined salivary gland cancer epidemiology in the 
United States. Similar to our results, they found an increased 

risk of second salivary gland cancer as well as tongue, gingi-
val, lung, and thyroid cancer. Contrary to our results, they did 
not find an increased risk of kidney cancer. They also found an 
increased risk of prostate cancer in men, which we did not 
find. Similar to our study, Sun et al found that radiation 
increased the risk of lung cancer. However, they also found 
that radiation reduced the risk of a second salivary gland can-
cer and gingival/mouth cancer, which was not the case in our 
study. They did not examine the effect of radiation on laryn-
geal cancer. Their study used data from patients diagnosed 
from 1972 through 1992 and yielded 4250 cases in contrast to 
the 15,572 cases reported in our study.

Our study shows almost a 3-fold risk of thyroid cancer in 
patients with salivary gland cancer compared with the general 
population. It is well known that ionizing radiation exposure 
is a significant risk factor for both thyroid and salivary gland 
cancer.6,7,13 Our results show that patients who received radia-
tion as part of their treatment had an increased risk of develop-
ing second primary thyroid cancer. However, radiation therapy 
alone cannot account for this increased risk because the rela-
tionship between thyroid cancer and salivary gland cancer is 
not unidirectional. Brown et al14 examined the risk of second 

Table 2. Risk of Second Primary Cancers by Site and Primary 
Histology

Mucoepidermoid
Adenoid 
Cystic Acinar Cell

Oral cavity 1.53 3.76a 1.57
Salivary gland 8.97a 7.61 31.36a

Oropharynx 0 0 0
Nasopharynx 0 16.88a 0
Esophagus 0.51 0 1.1
Stomach 0.82 0 0.6
Small intestine 1.52 2.49 0
Colon 1.02 1.14 1.18
Anorectal 0.43 1.69 0.85
Hepatobiliary 0.99 1.07 0
Pancreas 1.05 0.65 0
Larynx 1.11 0 1.3
Lung and bronchus 1.25 1.14 1.48
Trachea 0 0 0
Melanoma of the 

skin
0.36 1.26 0.34

Bones and joints 5.68 8.94 0
Female breast 0.95 1 1.11
Cervix 2.5 2.04 0
Uterus 0.84 0.99 0.31
Ovary 1.15 1.37 0.57
Prostate 1.1 1.17 1.23
Urinary bladder 0.82 0.96 0.46
Kidney 1.24 2.12 2.98a

Brain 1.09 0 0
Thyroid 3.97a 2.61 3.85a

Values are the standardized incidence ratios expressed as observed/ 
expected.
aP < .05.

Table 3. Effect of Radiation Therapy on Risk of Second Primary 
Cancer

Radiation No Radiation

All sites 1.37a 1.14a

Oral cavity 3.64a 3.47a

Salivary gland 12.36a 8.35a

Oropharynx 2.7 0.76
Nasopharynx 2.76 2.37
Esophagus 1.23 0.64
Stomach 0.93 0.44
Small intestine 1.52 0
Colon 0.95 1.25
Anorectal 1.06 0.6
Hepatobiliary 0.79 1.08
Pancreas 1.12 0.89
Larynx 3.08a 0.48
Lung and bronchus 2.11a 1.18
Trachea 0 0
Melanoma of the skin 1.38 0.86
Bones and joints 6.07 0
Female breast 0.91 1.02
Cervix 1.66 1.07
Uterus 0.48 0.88
Ovary 1.54 1.01
Prostate 1.03 1.16
Urinary bladder 1 0.79
Kidney 1.48 1.90a

Brain 0.84 0.91
Thyroid 2.95a 2.39

Values are the standardized incidence ratios expressed as observed/ 
expected.
aP < .05.
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primary cancers after treatment of differentiated thyroid can-
cer using the SEER database and found an increased risk of 
salivary gland cancer in their cohort. This was confirmed by 
our own analysis of the SEER database. Brown et al also 
examined the effect of radioisotope therapy on the risk of sec-
ond primaries. Radioisotope therapy did not increase the risk 
of developing salivary gland cancer. These findings suggest 
that the pathogenic mechanisms for both cancers might be 
related.

The risk of lung and bronchus cancer in our cohort was 
approximately 1½ times that of the general population. Several 
of the previous studies evaluating second primaries after sali-
vary gland cancers have consistently shown an increased risk 
of lung and bronchus cancer.9-11 This is interesting given that 
although smoking is widely recognized as a risk factor for 
respiratory tract cancer, it has not been shown to be a risk fac-
tor for salivary gland cancer.15 Also, a link between salivary 
gland cancer and kidney cancer has not been previously 
reported. A review of the literature did not reveal any explana-
tion for these findings. However, the causes and pathogenesis 
of salivary gland cancers are not yet fully understood, and 
there may be an as yet undiscovered molecular or genetic link 
between these cancers.

None of the previous studies evaluating second primaries 
after salivary gland cancer examined the effect of histology on 
the risk of second primaries. Our results show that the sites of 
second primary cancers vary according to the histology of the 
primary salivary gland cancer. Patients with mucoepidermoid 
carcinoma had a 9-fold increase in the risk of a second sali-
vary gland cancer and a 4-fold increase in the risk of thyroid 
cancer. Patients with adenoid cystic carcinoma had a 4-fold 
increased risk of oral cavity and a 17-fold increased risk of 
nasopharyngeal cancers. Patients with acinar cell carcinoma 
had a 31-fold increased risk of salivary gland cancer, a 3-fold 
increased risk of kidney cancer, and a 4-fold increased risk of 
thyroid cancers. The link between adenoid cystic histology 
and nasopharyngeal cancer is interesting. Epstein Barr-virus is 
a well-recognized risk factor for nasopharyngeal carcinoma.16 
Several studies have shown that this may also be a risk factor 
for salivary gland cancer.17,18 There have also been reports in 
the literature of nasopharyngeal adenoid cystic carcinoma.19,20 

Although it is possible that nasopharyngeal adenoid cystic 
carcinoma accounts for the increased risk of nasopharyngeal 
carcinoma observed, it is improbable given the rarity of that 
disease. Another possible explanation is that these nasopha-
ryngeal “second primaries” are in fact discontinuous areas of 
local spread or recurrence.

We excluded patients younger than 15 years of age because 
pediatric salivary gland malignancies are relatively rare and 
have not been as well studied as adult salivary gland malig-
nancies.21 Therefore, it is unclear whether these malignancies 
behave differently from their adult counterparts. Adenocarcinoma 
was not included in our analysis because of the very small 
sample size. The SEER database groups the codes for muco-
epidermoid (8430/3), adenoid cystic (8200/3), adenocarci-
noma with mixed subtypes (8255/3), and acinar carcinoma 
(8430/3) under adenocarcinoma, NOS (8140).22 We chose to 
define adenocarcinoma as histology code 8255 to distinguish 
it from the other 3 histology groups. This may explain the 
lower frequency of adenocarcinoma in our study compared 
with other studies.7,11,23

There are several limitations in our study. Our study 
assumes that the second primaries reported in the SEER data-
base are in fact second primaries, as opposed to recurrences or 
metastases. This is particularly concerning for salivary gland 
and lung second primaries, which may in fact be recurrences 
and metastases, respectively. However, the SEER Program 
Coding and Staging Manual has specific instructions and cri-
teria for coding second primary cancers.22 These include, but 
are not limited to, separate noncontiguous sites, different his-
tology, time between diagnoses of multiple tumors, and later-
ality of paired organs. Also, the SEER*Stat program uses a 
default latency exclusion period of 2 months when calculating 
incidence of second primaries. To further reduce the risk of 
unintentionally including recurrences, we used a latency 
exclusion period of 6 months. This risk could be further 
reduced by extending the latency period. However, this would 
preclude the analysis of synchronous second primaries. The 
SEER database only records initial therapy. Consequently, it is 
difficult to know whether our no-radiation cohort received 
radiation after the initial therapy was reported. The strengths 
of our study lie in its large sample size and the diverse 

Table 4. Latency Period Between Diagnosis of First and Second Primary Cancers

Latency Period From Diagnosis of First Primary

  6-11 Months 12-59 Months 60-119 Months 120+ Months

All sites 1.38a 1.36a 1.27a 1.08
Oral cavity 4.05 3.38a 3.23a 3.68a

Salivary gland 16.65a 14.95a 5.79a 7.15a

Nasopharynx 0 0 4.79 3.97
Larynx 0 1.07 3.85a 0.81
Lung and bronchus 1.75 2.10a 1.3 1.33a

Kidney 3.98a 1.38 1.73 1.55
Thyroid 2.81 3.69a 2.27 2.01

Values are the standardized incidence ratios expressed as observed/expected.
aP < .05.
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inclusion population. The catchment areas used in the SEER 
database were selected for their ability to maintain a high-
quality cancer reporting system and for demographic charac-
teristics that are representative of the US population as a 
whole.

In conclusion, our results revealed a statistically significant 
risk of second primary salivary gland, oral cavity, thyroid, 
lung, and kidney cancer in patients with major salivary gland 
cancer. The second primary sites were affected by the histol-
ogy of the salivary gland cancer. Radiation therapy may 
increase the risk of second primary cancers of the thyroid, 
lung, and bronchus. Our study highlights the importance of 
surveillance in patients with major salivary gland malignancy, 
not only for locoregional and distant recurrences but also for 
second primary cancers. Our results show that the risk of sec-
ond primary cancers persists even 10 years after diagnosis of 
the initial cancer. This suggests the need for long-term surveil-
lance, probably throughout the patient’s lifetime. It is interest-
ing to note that a majority of the sites at increased risk for 
second primary cancers are located in the head and neck. 
Thus, frequent and thorough head and neck exams, along with 
judicious use of imaging studies, may aid in the early detec-
tion of these cancers.
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