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ABSTRACT ARTICLE HISTORY
Background: Evidence on the risk of second primary cancer (SPC) following primary laryngeal squamous Received 8 June 2023
cell carcinoma (LSCQ) is limited, especially in Europe. Accepted 28 August 2023

Methods: Patients diagnosed with primary LSCC from 1953-2018 were retrieved from the Finnish
Cancer Registry. A total of 6241 LSCC patients were identified adding to 49,393 person-years (PY) of
follow-up until the end of 2019. Only one patient emigrated and was lost to follow-up. Both standar-
dized incidence ratios (SIR) and excess absolute risk (EAR) per 1000 person-years at risk (PYR) of
second primary cancer (SPC) were calculated relative to the general population. Only non-laryngeal
SPCs diagnosed six months after diagnosis of primary LSCC were included.

Results: A SPC was diagnosed in 1244 LSCC patients (20% of all LSCC patients) over the 65-year
period, predominantly in men (92%, n=1170). Out of all SPCs, 34% were diagnosed within 0.5 to
5years and 66% after 5years from primary LSCC. Among male patients, the overall SIR for SPC at any
location was 1.61 (95% Cl: 1.52-1.71), corresponding to 9.49 excess SPCs per 1000 PYR (95% Cl: 8.19-
11). The corresponding SIR for women was 1.47 (95% Cl: 1.15-1.84), yielding 4.82 excess SPCs per
1000 PYR (95% Cl: 2.36-9.84). The risk remained significant even after 20 years of follow-up (SIR for all
1.73, 95% Cl: 1.49-2.01 and EAR 16.8 per 1000 PY, 11.88-23.75). The risk for SPC was also significantly
elevated in all age groups, except <40. The highest SIRs were for SPCs arising in the mouth/pharynx
(SIR for all 3.08, 95% Cl: 2.36-3.95 and EAR 0.80 per 1000 PY, 0.55-1.15) and lungs (3.02, 2.75-3.30 and
5.90 per 1000, 5.13-6.78).

Conclusion: Patients with LSCC as primary cancer have a 60% excess risk for an SPC, especially for
tobacco-associated cancers, remaining significantly elevated even decades after treatment.
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NOVELTY & IMPACT

Although prior research on the risk of second primary cancer (SPC) among laryngeal squamous cell
carcinoma (LSCC) patients has been conducted in other regions, the European perspective remains
notably underrepresented. Moreover, studies on the subject focusing especially on LSCC are, even glo-
bally, only a few. The present study, with over 6000 LSCC patients followed-up over six decades, con-
sists of the largest reported cohort of LSCC patients in Europe, and with the longest follow-up.
Patients with LSCC as a primary cancer have a 60% excess risk for an SPC, which remains significantly
elevated even 20years after the diagnosis of the first primary cancer, especially for those with a tobac-
co/alcohol-related cancer. Healthcare professionals should be aware of the SPC risk among LSCC survi-
vors who should be counseled about this phenomenon.

Introduction world’s highest rates ranging from 4.3 to 12.9. The epidemio-
logical contrasts across regions stem presumably from differ-
ences in the prevalence of lifestyle habits such as tobacco
smoking and the use of alcohol, which are well-established
etiological risk factors [1,2]. Mostly diagnosed between 50
and 70years and with a five-fold male preponderance, squa-
However, incidence rates vary markedly across countries. For  moys cell carcinomas (SCC) account for over 95% of all laryn-
instance, while the incidence rate in men in Finland [age- geal cancers [3,4].

standardized rate (ASR) 1.7/10%] is the lowest in Europe after In Finland, 5-year relative survival during 2015-2019 was
Sweden (ASR 1.2/10°), Southeastern Europe exhibits the 60% (95% Cl: 53.9-64.8) and 59% (95% Cl: 40.8-72.6) among

According to the Global Cancer Observatory database (www.
gco.iarc.fr), over 180,000 cases of laryngeal cancer were diag-
nosed in 2020 and the number of new cases worldwide is
anticipated to increase by approximately 50% by year 2040.
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men and women, respectively [5]. A treatment challenge
throughout the follow-up is the emergence of second pri-
mary cancers (SPC) [6]. SPCs are considered independent
tumors, and not recurrences or metastases of the original pri-
mary cancer, occurring synchronously when diagnosed simul-
taneously or within six months, or metachronously when
diagnosed more than six months after the primary tumor [7].

Limited data with long follow-up exist in the literature
regarding the risk of SPC in patients with LSCC as the index
site. Based on the pooled analysis of 13 cancer registries con-
ducted by Chuang et al. [8], head and neck cancer (HNC)
patients carry a 20-year cumulative SPC risk of 36%. Almost
20years ago Gao et al. [9] reviewed 20,074 laryngeal cancer
patients and uncovered a cumulative risk for SPC of 26% at
10years and 47% at 20years with the highest relative risk
(RR) for SPCs in the head and neck (HN) region [RR 4.81, 95%
confidence interval (Cl): 4.31-5.58] and esophagus (RR 3.99,
95% Cl: 3.29-4.83) when compared to the general popula-
tion. Most SPCs were reported to occur in the HN area, fol-
lowed by the lungs and esophagus.

In Finland, the risk of SPC following primary LSCC has not
yet been evaluated at population level. Additionally, as
noted, the literature on the subject is scarce. We aim to
assess the risk of SPC among 6241 patients diagnosed with a
first primary LSCC in Finland between 1953 and 2018 and
examine the influence of age at diagnosis, sex, time elapsed
since diagnosis of the first primary cancer, and calendar
periods.

Patients and methods

Population. Data on patients diagnosed with LSCC in Finland
from 1953-2018 were retrieved from the Finnish Cancer
Registry (FCR). Briefly, the FCR includes all new primary can-
cers diagnosed in Finland since 1953 with data on primary
site and histology, as well as complete follow-up until death
or emigration. Patients with any previous cancer, except for
basal-cell carcinoma of the skin, were excluded. We also
excluded patients whose first primary cancer diagnosis and
death were recorded simultaneously. A total of 6241 LSCC
patients were identified adding to 49,393 person-years (PY)
of follow-up until the end of 2019. Only one patient emi-
grated during the follow-up.

ICD-0O-3 topographical and morphological codes (http://
www.iacr.com.fr/index.php?ltemid=577) were used to retrieve
the LSCC patients from the FCR. Subsequently, all laryngeal
SPCs were excluded. Still, some regional, or even distant,
recurrences could theoretically, to a minor extent, be misclas-
sified as SPC and vice versa. To minimize the risk of misclassi-
fication, only SPCs diagnosed six months after diagnosis of
primary LSCC were included, i.e., we excluded all synchron-
ous SPCs diagnosed within six months of diagnosis of the
primary LSCC (76 patients).

Statistical analyses. To estimate the SPC risk, standardized
incidence ratios (SIRs) and 95% Cl were estimated by com-
parison of the observed number of SPC cases among LSCC
patients with the numbers expected, derived from the age,
sex, and calendar-specific rates in the Finnish general
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population using PYs of observations (six months after diag-
nosis of primary LSCC), and assuming a Poisson distribution
for the number of observed SPC cases. The SIR thus esti-
mates the risk of LSCC patients developing an SPC relative
to the first occurrence of cancer among the general popula-
tion. SIR estimates were stratified according to age groups at
diagnosis, sex, extent of the primary disease (localized or
non-localized) time since primary cancer diagnosis, and cal-
endar period at LSCC diagnosis (1953-1989, 1990-2005,
2005-2018) to assess whether the risk of SPCC differed over
the follow-up period. Additionally, we calculated the excess
absolute risk (EAR) to explore the excess incidence of overall
SPC. EAR is an absolute measure of SPC risk and describes
the difference in absolute risk of cancer between the LSCC
patient population and the general population (observed
cancers — expected cancers) per 1000 PYs at risk. Simply put,
the EAR quantifies the absolute number of additional cancers
attributable to primary LSCC and thus assesses the burden of
SPCs on health care in a given population. All analyses were
conducted using R software (The R Project for Statistical
Computing) version 3.6.0 and the popEpi and forestplot
packages.

Results

A metachronous SPC was diagnosed in 1244 LSCC patients
(20% of all LSCC patients) over the 65-year period, predomin-
antly in men (92%, n=1170). Out of all SPCs, 34% were diag-
nosed within 0.5 to 5years and 66% after 5years from
primary LSCC. The risk of SPC as a function of the follow-up
time is presented in Figure 1. The risk of SPC remained con-
sistently elevated after the first year of follow-up throughout
each subsequent follow-up interval of five years, even after
20years (SIR 1.73, 95% Cl: 1.49-2.01).

The SIRs and EARs for SPCs categorically stratified are
summarized in Table 1. Among male patients with LSCC, the
overall SIR for SPC at any location was 1.61 (95% ClI: 1.52—
1.71, p < .001), corresponding to 9.49 excess SPCs per 1000
PYR (95% Cl: 8.19-11). The corresponding SIR for women
was 1.47 (95% Cl: 1.15-1.84, p < .001), yielding 4.82 excess
SPCs per 1000 PYR (95% Cl: 2.36-9.84). The risk for SPC was
significantly elevated in all age groups, except <40, in com-
parison with the general population. However, the study
comprised only 28 patients aged <40 at the time of primary
cancer diagnosis. The risk was also elevated in all three cal-
endar periods of diagnosis of primary LSCC (1953-1989,
1990-2004, and 2005-2018). The extent of the primary dis-
ease did not markedly influence the SIR, as both localized
and non-localized cases had an increased SIR (1.59 versus
1.86, SIR-ratio 0.86, Cl: 0.72-1.02).

Respiratory and intrathoracic organs comprised the largest
group of SPCs (38%, n=478), followed by digestive organs
(17%, n=217) and male genital organs (16%, n=203), as
shown in Figure 2. For all LSCC patients combined, the high-
est SIRs were for SPCs arising in the mouth/pharynx (SIR
3.08, 95% Cl: 2.36-3.95, p < .001) and in respiratory or intra-
thoracic organs (2.83, 2.58-3-09, p < .001). Yet, the respira-
tory organs carried the highest EAR for SPCs (5.90 per 1000
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Figure 1. Standardized incidence ratio during follow-up for second primary cancer among patients with laryngeal squamous cell carcinoma in Finland during

1953-2018.

Table 1. Standardized incidence Ratios and excess absolute risk per 1000 person-years for any metachronous second primary cancer among 6241 laryngeal
squamous cell carcinoma patients diagnosed in Finland during 1953-2018 by period of primary cancer diagnosis and stratified by sex, age at diagnosis of pri-

mary tumour, follow-up period, follow-up time, and stage.

Primary cancers

Second primary cancers

No. of patients % Obs Exp Person-years SIR 95% Cl p-value EAR 95% Cl
Sex
All 6241 100 1244 7752 49,392 160 152-1.70 < .001 9.49 8.19-11.00
Men 5753 92 1170 724.8 44,490 1.61 1.52-1.71 < .001 10.01 8.61-11.63
Women 488 8 74 50.4 4901 1.47 1.15-1.84 < .001 4.82 2.36-9.84
Year of diagnosis of PM
1953 — 1989 3773 60 742 48838 33,688 152 141-163 < .001 7.52 6.09-9.28
1990 - 2004 1270 20 302 191.1 10,352 1.58 1.41-1.77 < .001 10.71 7.88-14.56
2005 - 2018 1198 19 200 95.2 5353 210 1.82-2.41 < .001 19.58 15.03-25.5
Age at diagnosis of primary cancer
<40 28 0.4 0 0.3 450
40-54 460 7 36 19.2 6705 1.87 1.31-2.59 < .001 2.50 1.24-5.04
55-64 1410 23 236 1289 14,784 1.80 1.60-2.08 < .001 7.24 5.47-9.59
65-74 2229 36 529 313.2 17,121 1.69 1.55-1.84 < .001 12.61 10.23-15.53
75+ 2114 34 443 3135 10,333 1.41 1.28-1.55 < .001 12.53 9.11-17.23
Follow-up period
1953 - 1969 1664 49 59.1 6891 0.83 0.61-1.10 ns. —1.47 —5.70-0.38
1970 - 1984 2410 300 177.6 13,755 1.69 1.50-1.89 < .001 8.90 6.74-11.74
1985 - 1999 2271 353 228.9 12,976 1.54 1.39-1.71 < .001 9.56 7.11-12.87
2000 - 2014 2093 389 229.5 11,813 1.70 1.53-1.87 < .001 135 10.60-17.21
2015 - 2019 1193 153 80.0 3957 1.91 1.62-2.24 < .001 18.44 13.23-25.71
Time elapsed since diagnosis of PM -
0.5—1 year 6241 48 36.8 2971 130  0.96-1.73 ns. 3.76 1.11-12.68
1 -5 years 5657 370 2424 18,201 1.53 1.37-1.69 < .001 7.01 5.22-9.42
5—10 years 3066 303 1831 12,059 1.66  147-185 < .001 9.95 748-13.22
10 — 15 years 1891 203 126.5 7358 1.60 1.39-1.84 < .001 10.39 7.21-14.97
15 - 20 years 1129 141 83.0 4298 170  1.43-2 < .001 13.49 9.03-20.15
Over 20 years 632 179 103.3 4505 1.73 1.49-2.01 < .001 16.8 11.88-23.75
Extent of primary cancer
Unknown 1049 17 182 120.2 7125 1.51 1.30-1.75 < .001 8.68 5.66-13.31
Localized 3943 63 906 5709 36,114 159  1.49-169 < .001 9.28 7.78-11.06
Non-localized 1249 20 156 84.0 6153 1.86 1.58-2.17 < .001 1.7 8.32-16.44

Abbreviations: Cl: confidence interval; Exp: expected; EAR: excess absolute risk; n.s.: non-significant; No.: number; Obs: observed; PM: primary cancer; PYs: person-years;

SIR: standardized incidence ratio.

PY, 95% CI: 5.13-6.78), followed by the mouth/pharynx (0.80
per 1000 PY, 0.55-1.15). SIRs in other SPC sites were not ele-
vated among men or women when compared with the gen-
eral population, except for SPCs of the skin among men (SIR
1.35, 95% Cl: 1.04-1.72), p = .002). However, while the over-
all risk of SPC in the digestive organs was not significantly

elevated, when further stratifying by anatomical site, we
observed an increased risk (SIR 3.00, 95%-Cl: 2.10-4.16) of
esophageal SPC (data not shown).

Regarding the respiratory or intrathoracic organs women
had a higher SIR than men (7.84, 95% Cl: 5.07-11.57, p < .001
versus 2.73, 2.48-2.99, p < .001). Following stratification by site,
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Standardized incidence ratios by organ and sex

SPC site PYs Observed Expected SIR [95% Cl] P-value EAR [95% CI]
All sites combined
All 49,392 1244 775.2 e 1.60[1.52,1.70) <.001 9.49[8.19, 11.00]
Men 44,490 1170 724.8 et 1.61[1.52,1.71] <.001 10.01[8.61, 11.63]
Women 4,902 74 50.4 ——— 147 [1.15,1.84] <.001 4.82(2.36 , 9.84]
Respiratory, intrathoracic organs
All 52,366 478 169.2 bt 2.83[2.58,3.09] <.001 5.90(5.13,6.78]
Men 47,264 453 166 —— 273248 ,299] <.001 6.07 [5.25, 7.02]
Women 5,102 25 3.2 ——————— 7.84[5.07,11.57] <001 4.28(2.73,6.70]
Digestive organs
All 52,585 217 203.3 =] 1.07 [0.93, 1.22] ns. 0.26 [0.03 , 2.15]
Men 47,483 204 189 (il 1.08 [0.94 , 1.24] ns. 0.32[0.05, 2.04]
Women 5,102 13 14.3 —— 0.91[0.48 , 1.55] ns. -0.26 [-57.68 , 0.00]
Male genital organs
All 46,825 203 207.3 —a—i 0.98 [0.85, 1.12] ns. -0.09 [-61.9, 0.00]
Urinary organs
All 52,681 81 723 = 1.12[0.89 , 1.39] ns. 0.16 [0.02 , 1.25]
Men 47,568 it 69.6 = 1.11[0.87 , 1.38] ns. 0.16 [0.02 , 1.58]
Women 5113 <5 Pie
Lymphoid, haematopoietic tissue
All 52,822 68 65 —— 1.05[0.81, 1.33] ns. 0.06 [0.00, 11.81]
Men 47,697 62 60.1 — 1.03[0.79,1.32] ns.  0.04[0.00,152.39]
Women 5124 6 4.8 1.24[0.46 , 2.71] n.s. 0.23 [0.00, 13.67]
Mouth, pharynx
All 52,693 62 201 ) 3.08 [2.36,3.95] <.001 0.80 [0.55 , 1.15]
Men 47,572 58 19.2 P 3.01[2.29,3.90] <.001 0.81[0.55, 1.20]
Women 5122 <5 09
Skin
All 52,611 69 52.2 ——— 1.32(1.03,1.67] 0.02 0.32[0.12, 0.84)
Men 47,513 65 48.2 — 1.35(1.04 ,1.72]  0.02 0.35(0.14,0.91]
Women 5,098 <5 4
Brain, meninges, CNS
All 52,944 15 13.6 — 1.10[0.62 , 1.81] ns. 0.03 [0.00, 6.79]
Men 47,806 14 121 —— 1.16 [0.64 , 1.95] ns. 0.04 [0.00, 1.77]
Women 5,139 <5 16
[ T T 1
0.50 1.0 20 4.0 8.0

SIR (log scale)

Figure 2. Standardized incidence ratios and excess absolute risk per 1000 person-years for second primary cancer by site and stratified by Gender among patients
with laryngeal squamous cell carcinoma in Finland during 1953-2018. Abbreviations: CI: confidence interval; EAR: excess absolute; PYs: person-years; n.s.: non-sig-

nificant; SIR: standardized incidence ratio; SPC: second primary cancer.

for all patients, the risk of SPC among the respiratory or intra-
thoracic organs was increased only for the lungs (SIR 3.03, 95%
Cl: 2.75-3.30) and specifically for small cell carcinoma (2.93,
2.23-3.78, p < .001), squamous cell carcinoma (4.01, 3.44-4.65,
p < .001), and adenocarcinoma (2.05, 1.47-2.78, p < .001).

SIRs for SPCs by organ site and stratified by age, calendar
period of diagnosis of primary LSCC (1953-1989, 1990-2004,
and 2005-2018), and follow-up time are outlined in Figures 3,
4, and 5, respectively. The risk for SPCs in the mouth/pharynx
and respiratory organs was elevated in all age categories,
except in <40, and in all three calendar periods of diagnosis
of primary LSCC. Furthermore, the risk for these SPCs remained
consistently significantly elevated, even after 20 years of follow-
up. Patients diagnosed with primary LSCC during 2005-2018
had an increased risk of SPC in digestive organs (SIR 2.08, 95%
Cl: 1.52-2.77, p < .001).

Discussion

The current study confirms that patients with a history of
LSCC carry a 60% excess risk of developing an SPC compared

to the general Finnish population. Our results also indicate
that the SPC risk remains significantly increased even more
than 20years after the diagnosis of primary LSCC, especially
for tobacco/alcohol-related cancers. Indeed, besides the aero-
digestive organs and skin, the risk of SPC was not elevated
for other anatomical sites.

In Finland, the incidence of LSCC has been consistently
decreasing in men [5]. However, worldwide the burden of
LSCC will continue to increase due to aging population in
parallel to global predictions by the Global Cancer
Observatory (www.gco.iarc.fr). By analyzing more than 6000
patients with complete follow-up, we were able to evaluate
the risk of site-specific SPC in relation to time since the diag-
nosis of primary LSCC over five decades, age at LSCC diagno-
sis, and calendar period. Whereas single-institution or
pooled-data studies are impeded by cohort size or hetero-
geneity of patient registries, the nationwide scale and long
comprehensive follow-up of the present study allow evalu-
ation of site-specific SPC risk with good statistical power.
Underreporting of cancers in the FCR is insignificant, as qual-
ity assessment studies have shown high coverage (96% of
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Standardized incidence ratios by organ and age

SPC site PYs Observed Expected SIR[95% CI]  P-value EAR [95% Cl]
All sites combined

40-54 6,705 36 19.2 — 1.87 [1.31,2.59] <.001 2.50([1.24 ,5.04]

55-64 14,784 236 128.9 == 1.83[1.60,2.08] <.001 7.24 [5.47 , 9.59]

65-74 17,121 529 313.2 = 1.69[1.55, 1.84] <.001 12.61[10.23, 15.53]

>75 10,333 443 3135 (== 1.41[1.28,1.55] <.001 12.53[9.11,17.23]
Respiratory, intrathoracic organs

40-54 6,740 16 5.1 | 3.15[1.80,5.12] <.001 1.62[0.79, 3.32)

55-64 15,099 121 36.8 — 3.29(2.73,3.93] <.001 5.58 [4.32, 7.20]

65-74 18,176 217 745 == 2.91[2.54,3.33] <.001 7.84 [6.40 , 9.60]

>75 11,901 124 52.7 ——i 2.35[1.96,2.81] <.001 5.99 [4.41, 8.14]
Digestive organs

55-64 15,216 37 31.9 — 1.16[0.82,1.60] ns. 0.34 [0.03 , 3.47]

65-74 18,334 83 80.1 Bl 1.04[0.82,1.28] ns. 0.16 [0.00, 78.78]

=75 11,825 90 86.5 —f— 1.04[0.84,1.28] ns. 0.30 [0.00, 60.43]
Male genital organs

55-64 13,926 21 21.7 ————————— 0.97[0.60,1.48] ns. -0.05 [inf, 0.00]

65-74 16,498 85 84.5 —p— 1.01[0.80,1.24] ns. 0.03 [0.00 , inf]

>75 9,919 97 99.9 —r— 0.97 [0.79,1.18] ns. -0.29 [-225.3 , 0.00]
Urinary organs

55-64 15,223 11 10.4 1.06 [0.53,1.89] ns. 0.04 [0.00 , inf]

65-74 18,340 33 28 " 1.18[0.81,1.65] ns. 0.27 [0.03 , 2.60]

>75 11,912 34 324 i 1.05[0.73,147] ns. 0.14 [0.00 , 148.81]
Lymphoid, haematopoietic tissue

55-64 15,235 10 9.9 1.02[0.49,1.87] ns. 0.01[0.00 , inf]

65-74 18,401 32 243 ——— 1.32[0.90,1.86] ns. 0.42[0.10, 1.77]

=75 11,979 23 28.9 e 0.80[0.50,1.19] ns. -0.5[-242,-0.1]
Mouth, pharynx

55-64 15,194 16 46 3.562[2.01,5.72] <.001 0.75[0.38 , 1.50]

65-74 18,337 28 8.2 ————— 342 (228,495 <.001 1.08 [0.64 , 1.82]

>75 11,957 14 6.4 2.17[1.19,3.65] 0.005 0.63[0.24 , 1.67]
Skin

65-74 18,365 27 15.7 ' - J 1.72[1.13,2.50] 0.006 0.62[0.25, 1.52]

>75 11,803 34 29.9 —t 1.14[0.79,1.59] ns. 0.35[0.02 , 5.63]

I T 1
0.50 1.0 2.0 4.0

SIR (log scale)

Figure 3. Standardized incidence ratios and excess absolute risk per 1000 person-years for second primary cancer by site and stratified by age at diagnosis of pri-
mary laryngeal squamous cell carcinoma in Finland during 1953-2018. Abbreviations: Cl: confidence interval; EAR: excess absolute; PYs: person-years; n.s.: non-sig-

nificant; SIR: standardized incidence ratio; SPC: second primary cancer.

solid tumors) and accuracy of diagnosis [10]. Additionally,
population-based studies minimize the selection bias inher-
ent in hospital or clinical series [11].

The generalizability of our observations regarding the
excess of SPCs, particularly affecting the mouth/pharynx,
esophagus, and lungs, among LSCC survivors is supported by
the available literature. As for HNC in general, a systematic
review by Coca-Pelaz et al. [12] published in 2020 and incor-
porating 456,130 patients from 61 articles with a minimum
follow-up of 22 months conveyed a 9.4% rate (95% Cl: 7.9-
10.9) of metachronous SPCs. Review of the data suggests
that the most frequent site of SPTs is the head and neck
area, followed by the lung and then, the esophagus. The
meta-analysis by Hoxhaj et al. [13], published in 2020, is also
supportive of these findings. The most common SPC sites
reported by the authors were the oropharynx (pooled SIR
10.19, 95% CI: 2.67-38.95), salivary glands (5.86, 2.57-13.37),
esophagus (4.66, 2.16-10.05) and lungs (4.32, 2.15-8.68), mir-
roring the results of our study.

Vis-a-vis specifically LSCC, in the US, Morris et al. [14] con-
ducted a population-based cohort study and analyzed the

data of 25,624 LSCC patients (75,087 HNSCC patients)
between 1975 and 2006 with a median follow-up of
69 months. The authors excluded any cancer occurring within
five years of primary cancer diagnosis. In alignment with our
study, LSCC patients carried a significantly elevated risk of
SPC (SIR 1.9; 95% Cl: 1.9 to 2.0) when compared to the gen-
eral population. The highest risk of SPC was observed for
SPCs occurring in the oropharynx (11.24, 7.92-15.49), larynx
(9.81, 8.09-11.78), and oral cavity/pharynx (7.25, 6.74-7.77).
Further supportive of our results is the population-based
study by Gao et al. [9]. The authors reviewed 20,074 laryn-
geal cancer patients surviving at least three months from
1973 to 1996 exploiting the same database as Morris et al.
[14] and described an SIR of 1.68 (95% Cl: 1.58-1.79) for any
SPC. Mirroring further our results, no other organs outside
the aerodigestive tract displayed an elevated risk of SPC. In
Taiwan, Chen et al. [15] reviewed 6167 laryngeal cancer
patients (63,720 HNC patients) and included all lung and
esophageal SPCs diagnosed one month after diagnosis of
the primary tumor. The authors conveyed an increased risk
of lung (SIR 2.05, 95% ClI: 1.69-2.45) and esophageal SPC
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SIRs by organ and time period

SPC site PYs Observed Expected SIR [95% CI] P-value EAR [95% CI]
All sites combined

1953-1989 33,688 742 488.8 1.52[1.41,1.63] <.001 7.52[6.09 , 9.28]

1990-2004 10,352 302 191.1 — ! 1.58 [1.41,1.77] <.001 10.71 [7.88 , 14.56]

2005-2018 5,353 200 95.2 —— 2.10[1.82,2.41] <.001 19.58 [15.03 , 25.5]
Respiratory, intrathoracic organs

1953-1989 35,272 322 125.9 et 2.56[2.29,285] <.001 5.56 [4.65 , 6.65]

1990-2004 11,297 105 30.5 = 3.44(2.81,417] <.001 6.59 [5.03 , 8.63]

2005-2018 5,795 51 128 — 4.00(2.98,5.26) <.001 6.60 [4.58 , 9.52]
Digestive organs ’

1953-1989 35473 122 135.5 et 090[0.75,1.07] ns. -0.38 [-1.89 , -0.08)

1990-2004 11,290 49 45.7 >—L—4 1.07 [0.79, 1.42] ns. 0.29[0.00, 18.29]

2005-2018 5,821 46 221 ’ — 2.08[1.52,2.77] <.001 4.10[2.35,7.16]
Male genital organs

1953-1989 31,942 101 106.8 —— 0.95[0.77 . 1.15] n.s. -0.18 [-5.5, -0.01)

1990-2004 99,15 65 66.5 == 0.98 [0.75, 1.25] ns. -0.15[-7436.41, 0.00)

2005-2018 4,966 37 341 T 1.09(0.76 , 1.50] n.s. 0.59 [0.01, 33.91)
Urinary organs

1953-1989 35,451 55 433 e 1.27 [0.96 , 1.65] n.s. 0.33[0.10, 1.15]

1990-2004 11,362 14 19.5 ————— 0.72[0.39, 1.2 n.s. -0.49 [-1.83,-0.13]

2005-2018 5,866 12 94 —— 1.27 [0.66 , 2.22] n.s. 0.44 [0.03 , 6.20]
Lymphoid, haematopoietic tissue

1953-1989 35,604 35 38.2 — 0.92 [0.64 , 1.27] n.s. -0.09 [-3.36 , 0.00]

1990-2004 11,336 22 17.8 —_— 1.24[0.78,1.87] ns. 0.37[0.04 , 3.29]

2005-2018 5,880 11 9 s 122[061,219] ns. 0.34 [0.01, 8.57]
Mouth, pharynx

1953-1989 35,458 32 13.9 —— 2.30[1.57,3.25] <.001 0.51[0.28 , 0.94]

1990-2004 11,383 14 4.1 —_— 3.39(1.85,5.69] <.001 0.87 [0.41,1.82]

2005-2018 5,851 16 241 ——— 7.72[4.41,12.53] <.001 2.38(1.36, 4.18]
Skin

1953-1989 35477 31 25.2 —————t 1.23[0.84 , 1.75) n.s. 0.16 [0.03 , 1.07]

1990-2004 11,297 20 17.3 L — 1.16 [0.71, 1.79) ns. 0.24 [0.01, 6.04]

2005-2018 5836 18 9.7 e 1.85(1.10,2.93] 0.013 1.42(0.52 , 3.87)

T T T T 1
0.50 1.0 2.0 4.0 8.0

SIR (log scale)

Figure 4. Standardized incidence ratios and excess absolute risk per 1000 person-years for second primary cancer by site and stratified by time period of diagno-
sis of primary laryngeal squamous cell carcinoma in Finland during 1953-2018. Abbreviations: Cl: confidence interval; EAR: excess absolute; PYs: person-years; n.s.:

non-significant; SIR: standardized incidence ratio; SPC: second primary cancer.

(4.65, 3.37-6.27), which also parallels the increased risk of
lung and esophageal SPC we uncovered in our study.

Common etiological risk factors could trigger the develop-
ment of SPCs, as suggested by the significantly elevated risk
of SPCs in the aerodigestive tract. Indeed, alcohol drinking
[16], together with tobacco smoking [17], well-recognized
LSCC risk factors are also associated with other HN and aero-
digestive cancers [18,19]. Persistent tobacco smoking or
excessive alcohol drinking following treatment of the index
cancer may contribute to the risk of SPC [20]. According to
Ping Ng et al. [21], patients with an active or even previous
history of smoking remain at increased risk of SPC. The
authors described cumulative rates of SPC at 15years of 14,
23, 35, and 32% for never smokers, former smokers with
<10-pack year, former smokers with >10-pack year, and cur-
rent smokers, respectively. At odds with these observations,
a recent systematic review [22] concluded that smoking ces-
sation in HNC patients was associated with a lower rate of
SPCs.

The occurrence of SPCs can also be rationalized by the
concept of field cancerization, first introduced by Slaughter

et al. [23]. Supportive of this hypothesis is the study of
Thomson [24] who collected biopsies from clinically normal-
looking mucosa at contralateral anatomical sites from 26
patients affected by unilateral oral cancer or by a premalig-
nant lesion. Cellular atypia, dysplasia, and carcinoma-in-situ
(or micro-invasive SCC) were diagnosed in six, seven, and
two biopsy specimens, respectively. The carcinogenic effects
of tobacco and alcohol on the aerodigestive tract may thus
concurrently lead to the development of precancerous
lesions, which may partly account for the subsequent ele-
vated SPC risk among these organs.

The significantly elevated SPC risk in the digestive organs
observed in our study only for the latest period 2005-2018,
may be due to increased surveillance [25] or possibly
increased use of radiotherapy as parts of the esophageal
tract will then be exposed to radiation during primary treat-
ment [26,27]. Indeed, some studies hint at a potential associ-
ation between use of radiotherapy and increased risk of SPC
[9,27,28]. Gao et al. [9] concluded that radiotherapy was an
independent predictor of SPC (RR adjusted for age 1.10, 95%
Cl: 1.02-1.18). However, radiotherapy was only significantly
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Standardized incidence ratios by organ and follow-up time

SPC site PYs Observed Expected SIR [95% Cl]  P-value EAR [95% Cl)
All sites combined
0.5-1 years 1,793 12 186 r———1 0.64[0.33,1.13] ns. -3.69[-10.3 ,-1.32)
1-5 years 11,111 152 1243 ——1 1.22[1.04,1.43] 0.015 2.49[1.04,5.97]
5-10 years 7,913 169 104.5 i 1.62[1.38, 1.88] <.001 8.15[5.49, 12.1]
10-15 yeats 5,323 129 83.8 == 1.54 [1.29, 1.83] <.001 8.50 [5.20 , 13.90]
15-20 years 3,406 109 63 —— 1.73[1.42,2.09] <.001 13.51[8.66,21.07]
> 20 years 4,141 171 94.7 ] 1.81[1.55,2.10] <.001 18.43[13.17,25.79]
Respiratory, intrathoracic organs
0.5-1 years 3,003 12 85 —t 142[0.73,248] ns. 1.18 (0.17 , 8.01]
1-5 years 18,749 142 55 p—— 2.58(2.17,3.04] <.001 4.64 [3.55, 6.07]
5-10 years 12,835 122 413 p—— 296(2.46,3.53] <.001 6.29 [4.81, 8.23]
10-15 yeats 7,957 88 28.1 F—— 3.13[2.51,3.85] <.001 7.53 [6.54 , 10.23]
15-20 years 4,687 58 17.3 — 3.35[2.54,4.33] <.001 8.68 [6.01, 12.53]
> 20 years 5,136 56 19 — 294[2.22,3.82] <.001 7.20 [4.84,10.71]
Digestive organs
0.5-1 years 3,012 10 9.4 ——— 1.06 [0.51,1.95] ns. 0.19 [0.00 , inf]
1-5 years 18,859 63 62.6 — 1.01[0.77,1.29] ns. 0.02 [0.00, inf]
5-10 years 12,895 59 48.3 (G 1.22[0.93,1.58] ns. 0.83 [0.20 , 3.39]
10-15 yeats 7,963 33 33.6 —— 0.98[0.68,1.38] ns. -0.07 [inf , 0.00]
15-20 years 4,706 25 21.8 _—T 1.15[0.74,1.69] ns. 0.68 [0.03, 14.71]
> 20 years 5,150 27 276 e 0.98 [0.64,1.42] ns. -0.12 [inf, 0.00]
Male genital organs
0.5-1 years 2,772 10 8.4 S 1.20[0.57,2.20] ns. 0.6 [0.01, 25.44]
1-5 years 17,201 61 59 —— 1.03[0.79,1.33] ns. 0.12[0.00, 235.49]
5-10 years 11,555 39 48.3 T 0.81[0.57,1.10] ns. -0.81[-3.00,-0.22)
10-15 yeats 7,102 34 35.3 —_— 0.96 [0.67 ,1.35] ns. -0.18 [inf , 0.00]
15-20 years 4,092 25 243 —_— 1.03[0.67,1.52] ns. 0.17 [0.00 , inf]
> 20 years 4,104 34 32 L R 1.06[0.74 ,1.48] ns. 0.49 [0.00 , 147.07]
Urinary organs n.s.
0.5-1 years 3,012 5 3 1.67 [0.54,3.89] ns. 0.66 [0.07 , 5.94]
1-5 years 18,865 25 20.9 —— = 1.20[0.78,1.77] n.s. 0.22[0.02, 2.33]
5-10 years 12,930 19 17 = 1.12[0.67,1.75] ns. 0.16 [0.00, 10.36]
10-15 yeats 8,006 13 12.3 i 1.06 [0.56,1.81] n.s. 0.09 [0.00, inf]
15-20 years 4,717 10 83 e 1.20[0.58,2.22] ns. 0.36 [0.01, 13.81]
> 20 years 5,151 9 10.9 0.83[0.38,1.57] ns. -0.37 [-8.09, -0.02]
Lymphoid, haematopoietic tissue
0.5-1 years 3,016 <5 2.7
1-5 years 18,891 22 18.9 — 1.16[0.73,1.76] n.s. 0.16 [0.01 , 3.25]
5-10 years 12,955 21 15.2 e 1.38(0.85,2.11] ns. 0.45[0.09, 2.11]
10-15 yeats 8,043 9 10.9 0.82[0.38,1.56] ns. -0.24 [-5.06 , -0.01)
15-20 years 4,746 <5 74
> 20 years 5,170 10 9.8 _— 1.02[0.49,1.88] ns. 0.04 [0.00, inf]
Mouth, pharynx
0.5-1 years 3,013 <5 1
1-5 years 18,879 15 6.7 = 2.25(1.26,3.72]) 0.002 0.44[0.18 , 1.10]
5-10 years 12,920 21 49 = 4.31[2.67 ,6.58] <.001 1.25[0.71, 2.18]
10-15 yeats 8,010 8 33 2.46[1.06,4.85] 0.019 0.59[0.18, 1.91]
15-20 years 4,729 6 2 2.98(1.09,6.49] 0.014 0.84[0.25, 2.81]
> 20 years 5,141 1" 23 —— 483[241,8.64] <.001 1.70 (0.80 , 3.57]
Skin
0.5-1 years 3,013 <5 1.9
1-5 years 18,860 25 14 —_— 1.79[1.16, 2.64] 0.005 0.58 [0.24 , 1.42]
5-10 years 12,899 12 11.8 — 1.02[0.53,1.78] ns. 0.01[0.00, inf]
10-15 yeats 7,995 9 8.8 1.03[0.47,195] ns. 0.03 [0.00, inf]
15-20 years 4,724 6 6.3 0.96[0.35,2.08] ns. -0.06 [inf , 0.00]
> 20 years 5,120 13 9.4 | — | | | 1.38[0.73,2.36] ns. 0.70 [0.10, 5.03]

0.50 1.0

2.0
SIR (log scale)

4.0 8.0

Figure 5. Standardized incidence ratios and excess absolute risk per 1000 person-years for second primary cancer by site and stratified by follow-up time (time
elapsed from diagnosis of primary tumour) among patients with laryngeal squamous cell carcinoma in Finland during 1953-2018. Abbreviations: Cl: confidence
interval; EAR: excess absolute; PYs: person-years; n.s.: non-significant; SIR: standardized incidence ratio; SPC: second primary cancer.

associated with the risk of developing an SPC in the HN
area. Furthermore, the study by Ben Arie et al. [26] uncov-
ered no association between treatment modality and SPC
risk among HNC patients. Lastly, the association between
radiotherapy and increased overall risk of SPC does not
necessarily indicate radiotherapy as the sole culprit, as the
potential role of chemotherapy also needs to be
accounted for.

Our results should be viewed within the context of the
inherent limitations of cancer registry-based studies. Firstly,
the lack of data on etiological factors, such as tobacco, alco-
hol consumption, and HPV status, in addition to primary
treatment, particularly radio- and chemotherapy regimens,
prevents us from making inferences about the relation of

these variables to SPCs. The lack of data on primary cancer
stage at diagnosis also hampers us from performing more
detailed analysis. The sizable number of comparisons may
also yield some statistically significant chance associations.
Secondly, our study entails a risk of misclassification, unfortu-
nately, unavoidable in clinical practice. The anatomical vicin-
ity of some SPC sites (such as pharynx) to the primary tumor
might have led to a misdiagnosis of local spread or disease
recurrence as SPC. Additionally, primary tumor metastases
could have also been inaccurately classified as SPCs and vice
versa. Still, this potential diagnostic bias cannot be solely
accountable for the association between LSCC and increased
SPC risk, as the SIR remained elevated even after 20 years fol-
lowing diagnosis of the primary tumor. Lastly, increased



surveillance and imaging following primary cancer treatment
may have led to an overdiagnosis of indolent tumors that
would have not been otherwise detected resulting in an
overestimation of the SPC risk when compared to the gen-
eral population. Nonetheless, our results provide a reason-
able assessment of the risk of SPCs following LSCC diagnosis
and serve to heighten clinician awareness of this risk.

In summary, patients with LSCC as a primary cancer have
a 60% excess risk for an SPC which remains significantly ele-
vated even 20years after the diagnosis of the first primary
cancer. We observed strong associations of first primary
LSCC with SPCs of tobacco/alcohol-related cancers - the
mouth/pharynx, lungs, and esophagus - suggestive of com-
mon risk factors for multiple cancer development. Healthcare
professionals should be aware of the SPC risk among LSCC
survivors who should be counseled about this phenomenon
and encouraged to endorse practices accordant with a
healthy lifestyle, including smoking cessation, and be vigilant
about symptoms.
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