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Abstract
Purpose The diagnosis of a second primary cancer (SPC) is a major concern in the follow-up of survivors of a primary head 
and neck cancer (HNC), but the anatomic subsites in the head and neck area are close, making it difficult to distinguish a 
SPC of a recurrence and therefore register it correctly.
Methods We performed a retrospective cohort study using data from two population-based cancer registries in Catalonia, 
Spain: the Tarragona Cancer Registry and the Girona Cancer Registry. All patients diagnosed with HNC during the period 
1994–2013 were registered and followed-up to collect cases of SPC. We analysed the standardized incidence ratio (SIR) and 
the excess absolute risk (EAR) to determine the risk of second malignancies following a prior HNC.
Results 923 SPC were found in a cohort of 5646 patients diagnosed of a first head and neck cancer. Men had an increased 
risk of a SPC with a SIR of 2.22 and an EAR of 216.76. Women also had an increased risk with a SIR of 2.02 and an EAR 
of 95.70. We show the risk for different tumour sites and discuss the difficulties of the analysis.
Conclusion The risks of a SPC following a prior HNC in Tarragona and Girona are similar to those previously found in other 
similar cohorts. It would appear to be advisable to make a revision of the international rules of classification of multiple 
tumours, grouping the sites of head and neck area with new aetiological criteria to better determine and interpret the risks 
of SPC obtained in these studies.
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Introduction

A second primary cancer (SPC) is defined as an invasive 
cancer diagnosed after a first primary cancer which is not an 
extension or a recurrence of that. The diagnosis of a SPC has 
long been a major concern in the follow-up of survivors of a 
first head and neck cancer (HNC) as it represents a frequent 
cause of long-term mortality in those patients [1]. The most 

commonly diagnosed SPC after a first HNC are those arising 
from lung, oesophagus or another head and neck site.

As regards the causes of SPC, they can be categorized 
into three groups: those due to shared aetiologic exposure to 
carcinogens, those related to the treatment for the first can-
cer and those related to an increased hereditary or familial 
risk [2].

The increased risk of head and neck SPC arising after 
the first HNC reinforces the concept of “field canceriza-
tion,” initially proposed by Slaughter in 1953. Based on 
“field cancerization”, environmental carcinogens such as 
tobacco and alcohol may induce multifocal development 
process of cancer within a field of mucosa with anaplastic 
tendency involving many cells at once [3, 4]. The relation-
ships between these neoplasms at a molecular level have also 
been defined [5]. At the same time, Human Papilloma Virus 
(HPV)-related oropharyngeal cancer patients have a signifi-
cant lower risk of SPC development than non-HPV-related 
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oropharyngeal cancer patients particularly in those sites 
related to tobacco use or alcohol consumption [6]. The anal-
ysis of SPC also provides useful information on common 
aetiologies and epidemiological trends [7, 8].

The different anatomical sites in which a HNC can arise 
are located in a small space, sometimes very close to one 
another. In addition, the predominant morphology in almost 
all of them is squamous carcinoma. Therefore, distinguish-
ing between an SPC and a recurrence is not easy and cancer 
registries have also difficulties to register and codify them 
correctly.

The objective of this study was to analyse the risk of 
suffering from an SPC in two population-based cohorts of 
patients diagnosed with an initial HNC, using data from 
two cancer registries that use the same case recording 
methodology.

Materials and methods

Patients

For the analysis, we used data from two population-based 
cancer registries in Catalonia, Spain: the Tarragona Can-
cer Registry (TCR) and the Girona Cancer Registry (GCR) 
which have covered the population of the provinces of Tar-
ragona since 1980 and Girona since 1994, respectively.

Both registries have always registered all new (first and 
successive) tumours diagnosed in different three-digit sites 
of the successive International Classification of Diseases 
for Oncology (ICD-O) editions. They have also registered 
those tumours of the same patient diagnosed in the same 
three-digit sites with different morphology according to 
the table “Groups of malignant neoplasms considered to be 
histologically different for the purpose of defining multiple 
tumours” first following the criteria adapted from Berg in 
1982 [9] and later following the criteria of the 2004 inter-
national standards from the International Association of 
Cancer Registries—International Agency for Research on 
Cancer—European Network of Cancer Registries (2004 
IACR-IARC-ENCR) [10].

Endpoints

A retrospective cohort design was used. The study cohort 
included all patients of the TCR and GCR databases whose 
first incident of an invasive HNC diagnosis occurred 
between 1994 and 2013. This cohort was followed until 
31 December 2013 to find all new invasive cancers. For 
the analysis and presentation of results, HNCs were clas-
sified according to the International Classification of Dis-
eases 10th revision (ICD–10) [11]: lip (C00), oral cavity 
(C02–C06, except C05.1 and C05.2), salivary glands (C07, 

C08), oropharynx (C01, C05.1, C05.2, C09–C10), nasophar-
ynx (C11), hypopharynx (C12–C13), nasal cavity and sinus 
(C30.0, C31) and larynx (C32, C10.1).

This grouping is similar to that used by the Surveillance, 
Epidemiology and End Results (SEER) Program in the mon-
ograph “New malignancies among Cancer survivors: SEER 
Cancer Registries, 1973–2000” [12]. The only exception is 
the lip that, in this study, has been analysed separately from 
mouth or oropharyngeal tumours. The reason for not having 
used the 2004 IACR-IARC-ENCR criteria for the definition 
of multiple primaries is based on the fact that its aetiologi-
cal factors are somehow different from the rest of the sites, 
especially in cases related to HPV [13–15]. Tumours belong-
ing to the same morphological group were not included if 
they were bilateral tumours and tumours of the same subsite.

To ensure the quality of data, we especially checked the 
diagnosis of all pairs of cancers in which both involved oral 
cavity and/or pharynx reviewing their clinical and pathologi-
cal data. SPC registered exclusively from a death certificate 
and non-melanoma skin cancers were excluded from the 
analyses. Because non-melanoma skin cancer has tradition-
ally been underdiagnosed and therefore under-recorded, it 
has not been included in the final analysis, as is usual in 
other epidemiological studies. Third and subsequent primary 
cancers were not considered to be SPC.

Statistical analysis

The standardized incidence ratio (SIR) was calculated as the 
ratio between the observed number of SPC and the number 
that would be expected if patients in the cohort experienced 
the same cancer rates as the general reference population. 
The observed number of cases included all SPC diagnosed 
in the cohort. The expected number of cases was computed 
by multiplying the cumulated person-years observed by the 
incidence rates by cancer site, 5-year age group and calen-
dar-year of the general population.

In each patient, person-years at risk (PYO) was defined 
as the period comprised from the first HNC diagnosis to the 
date of second cancer diagnosis, the date of death or the date 
of end of follow-up, whichever date came first.

The SIR was calculated by sex and time between the first 
and second cancer for all tumours as a whole and for all 
the combinations of the 32 studied tumour types, includ-
ing HNC: lip (C00), oral cavity (C02–C06 except C05.1 
and C05.2), oropharynx (C01, C05.1, C05.2, C09,C10), 
salivary glands (C07, C08), nasopharynx (C11), hypophar-
ynx (C12, C13), oesophagus (C15), stomach (C16), colo-
rectal (C18–C21), liver (C22), gallbladder and biliary 
tree (C23–C24), pancreas (C25), nasal cavity and para-
nasal sinus (C30, C31), larynx (C32), lung and bronchus 
(C33–C34), bone (C40–41), skin melanoma (C43), soft 
tissue (C47–C49), breast (C50), cervix uteri (C53), corpus 
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uteri (C54), ovary (C56), prostate (C61), testis (C62–C63), 
kidney (C64), urinary tract (C65–C67), central nervous sys-
tem (C70–C72), thyroid (C80), Hodgkin’s lymphoma (C81), 
non-Hodgkin lymphoma (C81–C85, C96), myeloma (C90) 
and leukaemia (C91–C95).

We included all SPC even those considered synchro-
nous (those diagnosed up to 60 days after the first HNC 
diagnosis).

The Excess Absolute Risk (EAR) was calculated by sub-
tracting the expected number of SPC from the observed 
number of SPC and dividing the difference by PYO, express-
ing the number of cases in excess or deficit by 10,000 PYO.

To observe if there were differences of risk of having 
an SPC over time, we have calculated the SIR of develop-
ing an SPC at 5 years of follow-up in two different periods 
(1994–2000 and 2001–2007).

Finally, to observe if there were global differences of risk 
of having an SPC between the two Catalan provinces over 
time, we have calculated the SIR of an SPC in two different 
periods (1994–2003 and 2004–2013) in each area.

The assumption that the observed number of SPC fol-
lowed a Poisson distribution was used to calculate 95% con-
fidence intervals (CI). Results are considered statistically 
significant if 95% CI does not include 1. All the analyses 
were computed using R software.

Results

Table 1 shows the characteristics of the cohort by province, 
sex, age at diagnosis, site of cancer, period of diagnosis, 
follow-up time and interval between the first and the second 
cancer.

The cohort of patients diagnosed with a first HNC in 
Girona between 1994 and 2013 was 2612 (2209 men and 
403 women), of which 391 had an SPC, 364 men and 27 
women. In Tarragona, 3034 patients (2594 men and 440 
women) were diagnosed with a first HNC with 532 SPC 
(485 men and 47 women). The total cohort of both cancer 
registries was 5646 patients out of which 923 SPC were 
found. The median age at diagnosis was 63 years old. The 
mean follow-up time was 4.5 years. The median time from 
the diagnosis of the first cancer to diagnosis of SPC was 
3.19 years.

The diagnosis of SPC was relatively constant over time, 
as reflected in the free survival of SPC curve (Fig. 1). In 
this figure, any SPC count as an event and any death as a 
withdrawal of follow-up. At 15 years of follow-up, survival 
free of SPC was 59.5%.

The results of the associations between pairs of tumours 
based on sex are summarized in Table  2, showing the 
results of both populations as a whole. It only displays 

Table 1  Descriptive 
characteristics of the Tarragona 
and Girona head and neck 
cancer cohort (1994–2013)

Tarragona Girona Total

N % N % N %

Total 3034 100 2612 100 5646 100
Sex
 Men 2594 85.5 2209 84.6 4803 85.1
 Women 440 14.5 403 15.4 843 14.9

Site
 Lip 417 13.7 342 13.1 759 13.4
 Oral cavity 647 21.3 576 22.1 1223 21.7
 Salivary glands 144 4.7 108 4.1 252 4.5
 Oropharynx 352 11.6 308 11.8 660 11.7
 Hypopharynx 102 3.4 97 3.7 199 3.5
 Nasopharynx 237 7.8 256 9.8 493 8.7
 Nasal cavity & sinus 87 2.9 90 3.4 177 3.1
 Larynx 1048 34.5 835 32.0 1883 33.4

Period of diagnosis
 1994–2003 1492 49.2 1328 50.8 2820 49.9
 2004–2013 1542 50.8 1284 49.2 2826 50.1

Interval between 1st and 2nd cancer
  < 1 year 857 28.2 763 29.2 1620 28.7
 1–4 year 1146 37.8 988 37.8 2134 37.8
 5–9 year 575 19.0 457 17.5 1032 18.3
 10–14 year 294 9.7 284 10.9 578 10.2
  ≥ 15 year 162 5.3 120 4.6 282 5.0
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the statistically significant combinations. In Supplemen-
tary Table 1 are shown the results of each cancer registry 
separately.

In the 2 provinces as a whole, the cohort was diagnosed 
with 923 SPC, 849 in men and 74 in women. Men had 
an increased risk of an SPC with a SIR of 2.22 (95% CI: 
2.07–2.37) and an EAR of 216.76 (95% CI 190–63-244.27). 
Women also had an increased risk with an SIR of 2.02 (95% 
CI 1.59–2.54) and an EAR of 95.70 (95% CI: 55.02–144.14) 
(Table 2).

In Girona, the cohort of men with a prior HNC had an 
increased risk of an SPC with an SIR of 2.09 and an EAR 
of 197.38 per 10,000 person-years. In women, the increased 
risk of a SPC was not statistically significant (SIR of 1.48; 
EAR of 45.90). Conversely, in Tarragona, both men (SIR 
of 2.31; EAR of 232.53) and women (SIR of 2.56); EAR 
of 143.43) had a significant increased risk of an SPC (Sup-
plementary Table 1).

In oral cavity cancer, men had an increased risk of an SPC 
of oral cavity, oropharynx, hypopharynx, larynx, all head 
and neck sites as a whole, oesophagus, lung and all sites as 
a whole in both cancer registries. We also found an increased 
risk of a SPC in the lip in Tarragona and in urinary tract in 
Girona (Table 2 and Supplementary Table 1).

Men with oropharynx cancer had an increased risk of suf-
fering from an SPC of oral cavity, hypopharynx, larynx, all 
head and neck sites, oesophagus, lung, thyroid and all sites.

Men diagnosed with the first cancer of hypopharynx had 
an increased risk of SPC of oral cavity, oropharynx, larynx, 
all head and neck sites, oesophagus, stomach, lung and all 
sites.

When the first diagnosed cancer in men occurred in the 
larynx, an increased risk of suffering from an oral cav-
ity, oropharynx, hypopharynx, all head and neck sites, 

oesophagus, lung, urinary tract, thyroid, Hodgkin lymphoma 
or all sites was observed. SPC of oral cavity and urinary tract 
only had a significant increase in Tarragona (supplementary 
Table 1).

No increased risk of an SPC was found in men diagnosed 
with a prior cancer of the salivary gland or nasopharynx in 
either of the two population-based registries.

Women diagnosed with a first HNC were at a slightly 
lower risk of being affected by an SPC than men. Some 
of the associations between tumours acquired significance 
only when grouping both populations, similar to what hap-
pened with a SPC of the breast after a prior cancer of the 
nasopharynx or salivary gland. In GCR, we did not find sig-
nificant associations in contrast to TCR, in which we found 
an increased risk for women to suffer from a SPC for the 
combinations of oral cavity, oropharynx, all head and neck 
and all sites after oral cavity cancer and lung and all sites 
after laryngeal cancer.

In relation to the Excess Absolute Risk (EAR), the sites 
with the highest values were oropharynx (534), hypopharynx 
(452), oral cavity (319) and larynx (224), coincident with the 
sites with the highest values of SIR.

Using data from both registries as a whole, we also made 
a comparison between the cases registered in two periods of 
time: 1994–2000 and 2001–2007. As shown in Table 3, the 
second period contains more relationships than the first one 
between tumours with a statistically significant SIR.

Furthermore, to analyse differences by time between can-
cer registries, Table 4 shows the risk of developing an SPC 
after 5 years of diagnosis for each registry in two 10-year 
calendar periods only focusing on the results of all head and 
neck sites as a whole and all sites. In men, the population 
of Tarragona shows slightly higher global risks than those 
of GCR and the second period shows higher risks than the 

Fig. 1  Survival free of second primary cancer after a first head and neck cancer in Tarragona and Girona, 1994–2013
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Table 2  Risk of developing a second primary cancer after a first head and neck cancer in Tarragona and Girona as a whole during the period 
1994–2013 by site of first cancer (both sexes)

First cancer Second cancer O E SIR 95% CI EAR 95%CI

Men
 Lip Lung 37 15.73 2.35 1.66–3.25 45.57 22.09–75.65 

Hodgkin lymphoma 2 0.16 12.67 1.19–46.58 3.95 0.07–15.42 
 Oral Cavity Lip 3 0.47 6.41 1.21–18.97 7.57 0.29–25.14 

Oral cavity 6 0.63 9.51 3.42–20.84 16.05 4.57–37.40 
Oropharynx 11 0.40 27.39 13.59–49.17 31.67 15.12–57.82 
Hypopharynx 6 0.31 19.53 7.03–42.79 17.01 5.54–38.37 
Larynx 13 1.23 10.53 5.58–18.05 35.16 16.91–62.93 
All head & neck 39 3.28 11.89 8.45–16.27 106.75 73.04–149.65 
Oesophagus 12 0.74 16.30 8.38–8.56 33.66 16.24–60.64 
Lung 60 8.06 7.44 5.68–9.58 155.21 112.71–206.82 
Alla 159 52.20 3.05 2.59–3.56 319.17 248.18–399.12 

 Oropharynx Oral cavity 10 0.23 42.92 20.44–79.23 73.67 34.16–137.49 
Hypopharynx 4 0.12 33.34 8.67–86.21 29.27  6.94–77.11 
Larynx 7 0.47 14.94 5.92–30.95 49.26  17.39–105.86 
All head & neck 21 1.21 17.30 10.69–26.49 149.24  88.74–233.37 
Oesophagus 10 0.27 36.89 17.57–68.10 73.38 33.88–137.20 
Lung 28 2.73 10.27 6.82–14.87 190.64 119.65–285.03 
Thyroid 2 0.06 35.82 3.38–131.72 14.66 1.00–55.06 
Alla 88 17.17 5.12 4.11–6.32 534.23 402.79–688.48 

 Hypopharynx Oral cavity 3 0.27 11.32 2.13–33.51 19.51 2.14–61.47 
Oropharynx 4 0.17 23.14 6.02–59.84 27.31 6.19–72.56 
Larynx 5 0.55 9.15 2.89–21.54 31.78 7.36–80.02 
All Head & neck 13 1.42 9.15 4.85–15.69 82.61 39.05–148.92 
Oesophagus 11 0.31 35.31 17.53–63.40 76.26 36.73–138.69 
Stomach 4 0.70 5.68 1.48–14.68 23.51 2.40–68.77 
Lung 34 3.29 10.33 7.15–14.44 219.09 144.40–315.81 
Alla 84 20.66 4.07 3.24–5.04 451.95 330.63–594.86 

 Nasal cavity & sinus Lung 5 0.95 5.25 1.66–12.34 102.85 15.88–274.69 
 Larynx Oral cavity 13 1.72 7.54 4.00–12.94 12.62 5.79–23.02 

Oropharynx 8 1.11 7.20 3.07–14.25 7.71 2.58–16.48 
Hypopharynx 10 0.87 11.43 5.44–21.10 10.21 4.35–19.68 
All head & neck 35 9.49 3.69 2.57–5.14 28.55 16.65–43.91 
Oesophagus 17 2.13 7.99 4.64–12.82 16.64 8.67–28.14 
Colon 28 16.49 1.70 1.13–2.46 12.88 2.34–26.88 
Lung 139 24.48 5.68 4.77–6.71 128.16 103.38–156.31 
Urinary tract 40 19.61 2.04 1.46–2.78 22.82  10.02–39.05 
Thyroid 5 0.38 13.27 4.19–31.22 5.17 1.34–12.74 
Non hodgkin Lymphoma 11 3.55 3.09 1.54–5.56 8.33 2.13–18.12 
Alla 360 159.44 2.26 2.03–2.50 224.45 183.91–268.32 

 Head & neck Alla 849 383.28 2.22 2.07–2.37 216.76  190.63–244.27
Women
 Oral cavity Oral cavity 4 0.12 32.94 8.57–85.17 27.87  6.60–73.45 

Oropharynx 4 0.02 186.44 48.49–482.08 28.59 7.32–74.17 
All head & neck 11 0.27 40.94 20.32–73.51 77.11 37.30–139.99 
Alla 26 12.61 2.06 1.35–3.02 96.19 31.28–183.46 

 Salivary glands Breast 5 1.43 3.50 1.11–8.24 54.88 2.31–158.75 
Alla 13 5.94 2.19 1.16–3.75 108.38 14.58–251.15 
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first one. In women, only Tarragona shows significant higher 
risks and those of the second period are higher than those 
of the first one.

Discussion

As expected, our cohort of HNC has an increased risk of suf-
fering from an SPC in the other head and neck and tobacco-
related sites, such as lung, oesophagus and urinary tract, 
confirming the extensively described strong association 
between those cancers with the same aetiological cause [7, 
8, 16–18]. At the same time, as in other previous studies, the 
risk and distribution of SPC differ significantly according to 
the subsite of the first cancer.

Our findings not only show the above mentioned relation-
ships, but we also found associations unrelated to either the 
same carcinogenic exposure or treatment, such as Hodgkin 
lymphoma after lip cancer. In any case, a small increase in 
the number of cases in a cohort where they are less expected 
can dramatically change the results. It should be noted that 
since we have examined a large number of combinations 
of cancers, some of these positive results were likely due 
to chance.

In both cancer registries, we found an association between 
laryngeal cancer and thyroid cancer, as previously published 
[16]. This result could have also been influenced by the fol-
low-up techniques, detecting cancers in the subclinical phase 
or even over-diagnosed cancers, instead of being related to 
the use of radiotherapy.

The risk of SPC after HNC is mainly explained by the use 
of tobacco. Men diagnosed with a non-tobacco-related HNC, 
such as cancers of nasopharynx or salivary glands, were not 
at an increased risk of an SPC.

The results in women in both registries were less con-
sistent due to the lower incidence of HNC and, therefore, 
to have a smaller cohort. The women in the cohort were 
also at an increased risk of SPCs, but with less significant 
associations between cancers. Globally, they also had an SIR 
greater than 2 of developing an SPC of the head and neck 

area. Nevertheless, the higher risk was only significant in 
the TCR.

The increased risk of breast cancer after cancer of sali-
vary glands or nasopharynx is noticeable in women, but 
must be taken into account that the cohort was small and the 
number of expected cases was very low. Therefore, a very 
small number of observed cases produce a significant result.

The concordance of our results, performed in two cancer 
registries with a similar population and the same method 
of registration and analysis, confirms that SPC following a 
prior HNC appear early in the follow-up time.

One of the biggest difficulties in the analysis of neoplasm 
in the head and neck area is that different ICD-O-3 sites are 
very close and most of those cancers are squamous carcino-
mas. Therefore, it can be difficult to clarify whether an SPC 
is actually a recurrence or a new one. In both TCR and GCR, 
all SPCs have been reviewed and those with classification 
discordance are encoded with clinical criteria provided by 
physicians. This difficulty to unify the clinical criteria with 
the IARC rules may be one of the factors for explaining that 
there are more cases in TCR than in GCR.

We analyse lip site separate from oral cavity because of 
its different aetiology due to the influence of solar exposure. 
Regarding oropharynx, we analysed this site separately from 
hypopharynx and including the base of tongue. This has an 
evident aetiological explanation as HPV is a well-known 
aetiological factor in oropharyngeal cancer and, in recent 
years, the epidemiology of this tumour in United States 
of America (USA) has changed with an increase of HPV-
related HNC while those tobacco-related decreased [19]. At 
the same time the patterns at risk of SPCs have been modi-
fied; since 1991, the risk of SPC has decreased significantly 
among patients with oropharyngeal cancer [20]. So far, there 
is no information on the evolution of HPV-related and non-
HPV-related SPCs in Europe. In our cohort as a whole, the 
risk of developing an SPC after oral cavity, hypopharyngeal 
or laryngeal cancer does not vary too much between the two 
studied periods. However, contrary to what was observed in 
the USA, in oropharyngeal cancer, the risk for the period 
2001–2007 is 2.27 times that for the period 1994–2000.

Table 2  (continued)

First cancer Second cancer O E SIR 95% CI EAR 95%CI

 Nasopharynx Breast 3 0.40 7.49 1.41–22.17 124.76 7.92–407.00 

Alla 5 1.30 3.83 1.21–9.01 177.35 13.09–501.87 
 Larynx Lung 3 0.17 17.76 3.35–52.56 59.27 8.30–182.38 

Alla 13 3.90 3.33 1.77–5.71 190.41 62.57–384.98 
 Head & neck Alla 74 36.59 2.02 1.59–2.54 95.70 55.02–144.14

Only statistically significant associations are shown
O observed cases, E expected case, SIR standardized incidence ratio, EAR excess of absolute risk, 95% CI 95% confidence interval
a except non-melanoma skin cancer
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An increased risk of HPV-related SPC, such as cancers 
of cervix, vagina, vulva, anal canal and penis had been 
described [21, 22], but our study did not find any associa-
tions with these cancer sites. This may reflect that the num-
ber of HPV-related tumours in our area is not large enough 
and/or that the elapsed time is not long enough to observe 
an increased risk. However, there is little population-based 
information on the incidence of HPV-related tumours in 
our area. Castellsagué et al. [13] published a set of hospital 
series where the HPV positivity in oropharyngeal cancer in 
Southern Europe was below 10%, much lower than other 
areas such as Central-eastern and Northern Europe. This low 
incidence undoubtedly influences the lack of significant risks 
of SPC among HPV-related cancers in this study.

The analysis of risk can also be done excluding SPCs 
diagnosed within 60 days of the first cancer. This approach 
is done to minimize the risk of encoding an extension or 
metastasis of the first cancer during the diagnostic process 
as an SPC. As we carefully reviewed all cases, we finally 
decided to include synchronic cancers and also give impor-
tance to those second subclinical tumours diagnosed at the 
same time as the first one. In supplementary Table 2, we 
show the risk of developing a SPC after a first head and neck 
cancer in Tarragona and Girona excluding cases diagnosed 
up to 60 days after the first cancer.

We also made comparisons between two different peri-
ods, not using the cases of the most recent years of the 
cohort to not diminish the possibility of an SPC diagnosis. 

The results show a greater risk and wider range of combina-
tions of significant tumours in the most recent period. This 
may be due to changes in the diagnostic completeness of 
SPC or the improvement of registration methods, but it may 
also reflect an epidemiological reality.

The results of our study show a lower risk of SPC after a 
first HNC than that observed in France, where the increased 
risk of having an SPC following a prior HNC was defined 
with an SIR of 3.89 and an EAR of 380.0 in men and an SIR 
of 3.43 and an EAR of 194.8 in women. In France, the risk 
of a head and neck SPC is also higher than that in our study. 
The authors cited high tobacco and alcohol consumption 
as the most probable hypothesis of the high risk of SPC in 
France.[23].

Although the patterns of association between tumours 
are well established in the literature, the differences 
between cancer registries in grouping the head and neck 
sites in addition to the changes in the rules on multiplicity 
over the years do not make it easy to compare our data with 
those of other studies. Two of the most comprehensive 
analyses of multiple cancer in the 2000s are that published 
by Curtis et al. [24] based on data from 9 cancer regis-
tries of the SEER Program from 1973 to 2000 and that 
performed by the AIRTUM (“Associazione Italiana Reg-
istri Tumori”) Working Group [25] with data from 1976 
to 2010. Due to the differences in grouping sites between 
these two studies and ours, it is difficult to compare our 
results on the risk of suffering from an SPC. Nonetheless, 

Table 4  Risk of developing a head and neck or all sites second primary cancer after a first head and neck cancer in Girona and Tarragona, by 
period (1994–2003 and 2004–2013) and sex

Bold figures indicate statistically significant associations
O observed cases, E expected cases, SIR: standardized incidence ratio, 95% CI 95% confidence interval, EAR Excess absolute risk, All H&N all 
head and neck
a Except non-melanoma skin cancer

Second cancer Girona Tarragona

OBS EXP SIR 95% CI EAR 95% CI OBS EXP SIR 95% CI EAR 95% CI

Men
 1994–2003
  All H&N 21 6.98 3.01 1.86–4.61 20.96 8.97–37.63 53 9.18 5.77 4.32–7.55 54.30 37.81–74.58
  Alla 227 124.93 1.82 1.59–2.07 152.60 109.88–99.77 303 146.53 2.07 1.84–2.31 193.90 152.81–238.68

 2004–2013
  All H&N 18 2.57 7.01 4.14–11.10 52.33 27.39–87.95 29 3.61 8.04 5.38–11.56 67.21 41.82–100.82
  Alla 137 48.84 2.81 2.36–3.32 298.95 224.41–383.67 182 62.97 2.89 2.49–3.34 315.07 247.59–390.40

Women
 1994–2003
  All H&N 2 0.22 9.03 0.85–33.21 14.56 − 0.27–58.40 7 0.24 29.21 11.58–60.52 55.89 20.96–117.92
  Alla 15 11.57 1.30 0.72–2.14 28.06 − 26.22–108.29 22 11.48 1.92 1.20–2.91 86.98 18.92–180.89

 2004–2013
  All H&N 0 0.15 0.00 0.00–26.70 − 2.12 − 2.12–54.58 8 0.16 49.82 21.28–98.65 99.72 41.42–199.45
  Alla 12 6.65 1.81 0.93–3.16 77.41 − 6.89–207.97 25 6.90 3.63 2.34–5.36 230.29 117.85–382.35
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to give an example unaffected by differences in groupings, 
in men, the SIR and EAR of presenting a lung SPC after 
a previous laryngeal cancer (excluding those diagnosed 
in the first two months) was 3.36 and 91.1 in SEER, 3.08 
and 76.9 in AIRTUM and 5.00 and 109.2 in our study 
(Table Supplementary 2). Although the values of our study 
are based on a smaller sample size, in France (SIR = 6.93 
and EAR = 133.3), these values are even higher [23]. To 
facilitate the comparison with the results obtained by other 
studies, Table S1 shows the results of the cancers with sta-
tistically significant values of SIRs excluding those SPCs 
diagnosed up to 60 days after SPC diagnosis.

Differences in the use of the rules for coding neoplasm 
can also make it difficult to establish comparisons between 
registries [26] and find out if this risk is increasing or not 
[27]. IARC-IACR-ENCR coding rules for multiple can-
cers, in which SPC that occur at the same site are con-
sidered to be one unless it has a different histology, are 
more restrictive than those used in the SEER program. 
This makes it difficult to establish the risk of SPC in the 
same site, such as the oral cavity, where these associations 
are clearly justified by the theory of “field cancerization”.

It is noteworthy that 33.5% of the SPC were diagnosed 
after 5 years of follow-up from the first. Although it is dif-
ficult to know whether an early diagnosis in the absence 
of symptoms can clearly influence the survival of patients 
with a SPC, these data should be taken into account by 
clinicians in the design of follow-up guidelines for patients 
with a first HNC.

In conclusion, the risks of a SPC following a prior HNC 
in Tarragona and Girona are similar to those previously 
found in other similar cohorts, supporting that these patients 
should be followed closely to detect if they develop a second 
neoplasm. The registration of SPC in the head and neck area 
should be carefully reviewed and analysed with aetiological 
criteria. Finally, it would appear to be advisable to make a 
revision of the international rules of classification of multi-
ples tumours, grouping the sites of head and neck area with 
new aetiological criteria to better determine and interpret the 
risks of SPC obtained in this type of studies.
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