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Background. Tongue cancer (TC) is a prevalent head and neck malignancy with significant morbidity and mortality.
Epidemiological studies indicate that mortality causes in TC patients shift over time: cancer-related deaths dominate
early stages, while long-term survivors face increasing non-cancer mortality, primarily cardiovascular disease (CVD).
Treatment modalities such as radiotherapy (RT) and chemotherapy may exacerbate CVD risks, compounded by
sociodemographic and tumor-related heterogeneity.

Objective. This study aimed to quantify CVD-related mortality risk in TC survivors, identify high-risk subgroups,
and explore multidimensional determinants using population-level data.

Methods. A retrospective cohort study was conducted using the Surveillance, Epidemiology, and End Results (SEER)
database (2000-2021). A total of 7,691 TC patients were included after applying exclusion criteria.Standardized
mortality ratios (SMRs) and excess risks were calculated by comparing observed CVD deaths to expected rates in
age-, sex-, and race-matched general populations. Nelson-Aalen cumulative hazard curves and Poisson regression
were employed for risk stratification.

Results. CVD-related mortality in TC survivors was significantly elevated (SMR = 3.16,

95% Cl: 3.15-3.17), with pronounced heterogeneity across subgroups. Radiotherapy-exposed patients (SMR = 11.48),
those with distant metastases (SMR = 7.05), and socially vulnerable populations — Black individuals (SMR =5.76)
and widowed/separated patients (SMR = 15.92—-16.18) — faced the highest risks. Ischemic heart disease dominated
CVD deaths (42.9%, SMR =15.61), followed by cerebrovascular diseases (17.3%, SMR = 13.69). Non-chemotherapy
patients exhibited elevated risks (SMR = 7.33), potentially due to comorbidities or unmeasured treatment interactions.
Conclusion. TC survivors face a substantially increased CVD mortality burden, driven by treatment toxicity, tumor
biology, and sociodemographic disparities. Integrating cardiovascular surveillance into survivorship care is critical,
particularly for irradiated patients and socially vulnerable groups. Future research should prioritize mechanistic
studies, risk prediction models, and equity-focused interventions to mitigate dual cancer-CVD burdens.
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BeepeHue. Pak s3bika (P5) aBnsieTcs pacnpoCcTpaHeHHOM 3110Ka4eCTBEHHOW OMyXOJbi0 FOMTOBbI U LLIEW C BbICOKOWA
3a6051eBaEMOCTbIO M CMEPTHOCTbIO. DMMAEMNONOrMYeckme NCCnefoBaHns NoKasblBatoT, HTO CTPYKTYpa NpUYvH
CMepTV y naumeHToB ¢ PH n3ameHseTca co BpeMeHeM: B paHHNE CPOKU NpeobnafaeT CMePTHOCTb MO MPUYMHE OHKO-
nornyeckoro 3abonesaHuns, Torga Kak y JOnroXuTenemn Bo3pactaeTt foNs NPUYMH He CBA3aHHbIX C OHKOIOMMHYECKUM
3abonesaHvem, B NepByio o4epefb CEpAeYHO-CocyanCTbIX 3abonesanunin (CC3). JlevebHble moaxofbl, Takme Kak
nyyeBast u xummoTepanus, MoryT JOMNOSIHUTENIbHO YBENM4MBaTh CEPAEHHO-COCYANCTBIE PUCKN.

Llenb. Onpegenntb puck CMEPTHOCTM OT CEPAEYHO-COCYANCTbIX 3a60MeBaHNN Y NaLMEHTOB, NEPEXMBLLNX Pak A3bIKa,
BbISIBUTb MPYNMbl BEICOKOrO pyUcKa U MpoaHanM3npoBaTb MHOrOMEpPHbIe AeTEPMUHAHTbI Ha NONYNSALMOHHOM YPOBHE.
Matepuanbi u metoabl. [poBefeHO PETPOCNEKTUBHOE KOrOPTHOE UCCrefoBaHme Ha ocHoBe 6a3bl SEER (2000-2021
rr.). B ananua BknoveHo 7691 naumeHT ¢ PA nocne npumeHeHns kputepues Uckioderuns. CtangapTM3oBaHHble
koadhprumeHTsl cMepTHOCTY (SMR) 1 M36bITOYHBIN PUCK ONPEREnAnUCh NyTemM CPaBHEHUS HAbMIOAaeMON CMepT-
HocTv oT CC3 ¢ oxxmaaemon B CONOCTaBMMbIX MO BO3PACTY, MOy 1 pace rpynnax Hacenexus. [nsa ctpatmdukauum
pvCKa MCnonb30Basny KpMBble HAKOMIEHHOro pucka HenbcoHa—AneHa 1 nyacCoHOBCKYO Perpeccuio.
PesynbtaTbl. Puck cmeptHocTn o CC3 y naumeHToB ¢ PA 6bin cywecTBeHHO Bbiwe (SMR = 3,16; 95% [OW:
3,15-3,17), C BbIpa>XeHHOWN reTeporeHHOCTbI0 MeXAy NogrpynnaMu. HamebiCLUMIA pUCK 3adMKCMPOBaH Y naumeH-
TOB, noABeprLumxcs nyyeson tepanum (SMR = 11,48), c otaanérHeimMm MeTacTasamu (SMR = 7,05), a Takxe cpeam
coumansHo ya3BuMbIX rpynn — adpoamepukarues (SMR = 5,76) n sgos/passefénHbix (SMR = 15,92-16,18). Oc-
HoBHOW npu4ymHon CC3 ctana nwemnyeckas 6onesHb ceppua (42,9%, SMR = 15,61), nanee cnegoeanu Lepebpo-
BackynspHble 3a6onesanns (17,3%, SMR = 13,69). Y nauneHToB, He MoAy4aBLUNX XMMUOTEPANUIO, TaKXe OTMEYeH
noBbILLEHHbIV puck (SMR = 7,33), 4To MOXeT 6bITb CBA3AHO C COMYTCTBYOLLEN NATONOrnen b0 He ONUCaHHbIMU
MeTofamu fie4eHus.

3aknto4veHue. BoixmBLuve nocne paka a3blka MMeroT 3Ha4MTENbHO MOBbILLEHHOE 6peMsA CMEPTHOCTMN OT CepAeYHO-
COCYOUCTbIX 3a60M1eBaHUin, 06yCNOBIEHHOE TOKCUYHOCTBIO Tepanum, 0CO6EHHOCTSMM OMYXOSn U coLanbHO-0EMO-
rpacu4ecknmm HepaseHcTBaMu. HeobxoamMma nHTerpaumsa cepaeqHo-cocyaucToro MOHUTOpPUHra B HabnoaeHve 3a
TakMMu naumeHTaMmm, 0CoO6eHHO nocre Ny4eBorn Tepanuu 1 B rpynnax ¢ coumasnbHOM ya3BUMOCTbIO. [JanbHenumve
nccnepfoBaHnsa JOMKHbI 6bITb HAaNPaBeHbl HA MEXaHUCTUYECKME acneKTbl, CO34aHne MPOrHOCTUYECKUX MOAenen
pucka v paspaboTKy MHTEPBEHLMINA, OPUEHTUPOBAHHBLIX HA YMEHbLLEeHNe OBONHOr0 6peMeHU OHKOSOMrMYEeCKMX
N cepedHO-CcoCyanCTbIX 3a60NeBaHNIA.

Kntouyesble cnosa: pak a3bika; SEER (Surveillance, Epidemiology, and End Results); cepge4Ho-cocyanctble
3a6onesanus (CC3)
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Background

TC (TC) is one of the most common head and neck malignancies
globally, with significant morbidity and mortality rates [1, 2].
Epidemiological studies indicate that causes of death in TC
patients exhibit distinct time-dependent patterns: cancer-related
deaths dominate during early follow-up periods, while long-term
survivors face a gradual shift in mortality risk toward non-cancer
factors, particularly cardiovascular disease (CVD) [3,4]. Treatment
modalities, including surgery, radiotherapy, and chemotherapy, may
substantially elevate non-cancer mortality risks due to treatment-
related toxicities. Additionally, TC mortality risk demonstrates
marked heterogeneity influenced by multidimensional factors such
as age, race, marital status, and tumor stage [5].

Despite advancements in therapeutic strategies and improved
prognoses, TC patients remain at high risk of mortality, especially
from CVD, which significantly exceeds rates observed in the
general population. This study aimed to comprehensively analyze
mortality patterns and associated risk factors in TC patients, with
a focus on the incidence and determinants of CVD-related deaths
[6,7,8].

The Surveillance, Epidemiology, and End Results (SEER) database,
a publicly accessible cancer registry encompassing over 8 million
cancer cases across multiple U.S. states, was utilized for this study.
Renowned for its large sample size and comprehensive follow-
up information, the SEER database has been widely employed
to investigate cancer incidence, prognosis, and mortality risks,
including assessments for colorectal and breast cancers [9,10].
Leveraging this population-based cohort, we systematically evaluated
mortality risks in TC patients, emphasizing the characteristics of
CVD-related deaths and high-risk subgroups to provide robust
evidence for clinical practice.

Materials and methods

This study extracted data from the Surveillance, Epidemiology, and
End Results (SEER) database for all TC patients diagnosed between
January 1, 2000, and December 31, 2021. For comparison, general
population mortality data from the same period (2000-2021) were
obtained from the National Center for Health Statistics (NCHS)
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[11]. A total of 10,728 patients diagnosed with TC were initially
identified. Inclusion criteria required histologically confirmed tongue
malignancies, while exclusion criteria removed patients who received
no antitumor therapy, those with secondary or multiple primary
tumors, and cases with incomplete diagnostic/survival information
or tumors identified solely via death certificates. After applying these
criteria, 7,691 eligible patients were included, of whom 492 died
from cardiovascular disease (CVD) [12]. CVD-related deaths, defined
by SEER codes for six conditions — (1) cerebrovascular diseases,
(2) diseases of arteries/arterioles/capillaries, (3) hypertension, (4)
ischemic heart disease, (5) pulmonary heart disease, and (6) other/
unspecified circulatory disorders — served as the primary endpoint.
Competing risks included TC-related deaths, deaths from metastatic
complications, and non-CVD/non-cancer deaths. This retrospective
study utilized de-identified clinical data and adhered to SEER ethical
guidelines, exempting informed consent.

This multicenter retrospective cohort study analyzed demographic
and clinical variables: age at diagnosis, race, sex, diagnosis year,
histological type, tumor stage, radiotherapy/chemotherapy status,
marital status, median household income, and follow-up information
(survival time and cause of death). Causes of death were categorized
as: (1) TC-related, (2) metastatic/complication-related, (3) CVD-
related, or (4) other non-cancer causes. CVD-related deaths were
specifically coded using SEER-defined terms: hypertensive disease,
ischemic heart disease, cerebrovascular diseases, pulmonary
heart disease, diseases of arteries/arterioles/capillaries, and other/
unspecified circulatory system disorders [13].

The primary outcome was CVD-related death. Patients not
deceased due to CVD at the last follow-up were censored. Follow-
up duration was calculated from the date of diagnosis to death or
censoring. Survival times recorded as 0 months were converted to
0.5 months per epidemiological conventions.

Statistical Analysis

CVD mortality rates were calculated by dividing CVD-related
deaths by the total number of TC patients. Standardized mortality
ratios (SMRs) were derived by comparing observed CVD deaths in
TC subgroups to expected deaths in age-, sex-, and race-matched
general populations (reference data from the National Cancer
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Institute). Poisson regression was used to estimate 95% confidence
intervals (CIs) for SMRs. Excess risk was defined as:
Nelson-Aalen cumulative hazard curves were plotted to assess
temporal trends in CVD-related mortality across subgroups.
Statistical significance was set at p<0.05p<0.05. Analyses were
performed using SEER*STAT, Python, and Microsoft Excel 2019.

Results

The study included 7,691 eligible TC patients with a mean age
of 62.83 years and a median follow-up duration of 38 months. The
majority of patients were aged 40-59 years (35.3%), White (n=6,252,
81.2%), male (n=4,333, 56.3%), married (n=4,249, 55.24%), and
had localized tumor invasion (n=4,866, 63.26%). Median household
income exceeded $70,000 in 79.88% of cases. Histologically,
squamous cell carcinoma predominated (n=7,561, 98.3%), while
other pathological types accounted for 1.69% (n=130). Radiotherapy
and chemotherapy were administered to 27.42% (n=2,109) and
17.38% (n=1,331) of patients, respectively.

Overall survival analysis revealed significant time-dependent
patterns in all-cause mortality. Among 3,761 deaths during follow-
up, mortality peaked in early follow-up periods: 34.69% (n=1,305)
occurred within <1 year, followed by 33.98% (n=1,278) in the 1-3
year interval. A dynamic shift in causes of death was observed:
cancer-related deaths declined from 56.8% in the <1-year period
t0 15.3% in the >10-year period (y? trend test, p<0.001), while non-
cancer-related deaths increased from 41.9% to 80.2%, indicating
a transition toward non-oncological mortality risks in long-term
survivors (Figure 1). Among non-cancer deaths, cardiovascular
disease (CVD) was the leading cause (n=491, 13.06%), with
significant heterogeneity in CVD subtypes (p<0.05): ischemic heart
disease predominated (42.9%), followed by other/unspecified
circulatory disorders (23.6%), cerebrovascular diseases (17.3%),
hypertensive disease (10.7%), and pulmonary heart disease/arterial
disorders (2.6% each).

Atotal of 491 TC patients died from cardiovascular disease (CVD).
Compared to an age-, sex-, and race-matched general population
cohort (expected deaths = 155.2), the standardized mortality ratio
(SMR) was 3.16 (95% Cl: 3.15-3.17, p<0.0001), with an excess
risk of 335.8 per 10,000 person-years. Baseline characteristics and
subgroup-specific SMRs are detailed in Table 1.

This study demonstrates that CVD-related mortality risk in
TC patients is significantly elevated compared to the general
population (overall SMR = 3.16, 95% Cl: 3.15-3.17), with marked
heterogeneity across demographic and clinical subgroups. Age
exhibited a nonlinear inverse association with SMR: middle-aged
to older patients (60-69 years: SMR = 3.55; 70-79 years: SMR =
3.59) had the highest risks, whereas younger (15-39 years: SMR =
1.08) and elderly (>80 years: SMR = 2.95) patients showed lower
risks (all p<0.05). Racial disparities were pronounced, with Black
patients facing the highest risk (SMR = 5.76, 95% CI: 4.00-8.10),
followed by Asian or Pacific Islander patients (SMR = 5.51, 95%
Cl: 4.19-7.25). Social support deficits further amplified risk, as
separated patients exhibited an exceptionally high SMR of 16.18
(p<0.05). Tumor-related factors also influenced outcomes: distant
metastases (SMR = 7.05, 95% CI: 4.61-10.36) and radiotherapy
exposure (SMR = 11.48 vs. 2.03 in non-irradiated patients) were
associated with substantially elevated CVD mortality.

Ischemic heart disease was the leading cause of cardiovascular
disease (CVD)-related deaths, accounting for 42.9% of CVD mortality
(Standardized Mortality Ratio [SMR] = 15.61, 95% Cl: 13.46-18.00).
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Fig. 1. Proportion of causes of death in tongue cancer patients by
follow up period

Other CVD subtypes also exhibited significantly elevated risks:
cerebrovascular diseases (17.3% of CVD deaths, SMR = 13.69),
other/unspecified circulatory disorders (23.6%, SMR = 13.52), and
hypertensive disease (10.7%, SMR = 11.25) (all P<0.05). Notably,
despite fewer deaths from pulmonary heart disease (SMR = 13.68)
and diseases of arteries/capillaries (SMR = 12.50), their risks
remained significantly higher than those in the general population
(P<0.05).

Figure 2 displays Nelson-Aalen cumulative hazard curves for
cardiovascular disease (CVD)-related mortality in TC patients,
stratified by subgroups including age, race, sex, marital status,
household income, tumor stage, radiotherapy, and chemotherapy.
The analysis demonstrates that cumulative CVD mortality risks
significantly increased with prolonged follow-up in high-risk
subgroups, such as older patients (e.g., >70 years), those with
distant metastases, individuals receiving radiotherapy, Black and
Asian/Pacific Islander populations, and widowed or separated
patients. Key determinants of elevated CVD mortality included
advanced tumor stage (e.g., distant metastasis: SMR = 7.05),
treatment modalities (e.g., radiotherapy: SMR = 11.48), race
(e.g., Black patients: SMR = 5.76), marital status (e.g., separated
individuals: SMR = 16.18), and older age (60-79 years: SMR =
3.55-3.59). These factors exhibited strong associations with CVD-
related mortality (P<0.05 for all), underscoring the multifactorial
nature of cardiovascular risk in this population.

Discussion
TC is one of the most common head and neck malignancies
worldwide, with significant prognostic disparities across disease

stages. Advanced-stage patients exhibit substantially lower survival
rates compared to early-stage counterparts. While advancements
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Tab6nuua 1. PUck CMEPTH OT CEpAEHHOCOCYANCTbIX 3a60NEBaHMI Y NALMEHTOB C PAKOM S3biKa B pa3pe3e AeMorpatnyeckux

M OMYX0NEBbIX XapaKTEPHCTHK
Table 1:The cardiovascular disease (CVD) mortality risk among TC patients stra

ified by demographics and tumor characteristics

Habniopaemble Oxm o 06wwme
nlaeMble W36bITOYHDIA Bcero
:;‘E'ET:;"/ cmepTu/ CMP/ 95%[N | P-3HauveHue/ puck/ cnyyaes / "gsf;:::;:#;’ !
Expected SMR 195%CI P-value Excess Total
Observed deaths Risk cases Total person-
CVD deaths years of survival
491 155.2 3.16 3.15-3.17 P< 0.0001 335.8 7691 45459.25
15-39 2 1.85 1.08 0.13-3.92 P>0.05 0.31 490 3712.25
40-59 78 38.01 2.05 1.60,2.51 P<0.05 14.73 2716 19007.58
pocpact! | 60-69 103 2898 | 355 | 2.87,424 | P<0.05 36.64 2023 12073.33
70-79 155 43.21 3.59 3.02,4.15 P<0.05 77.78 1440 7202.00
80+ 153 51.91 2.95 2.48,3.41 P<0.05 98.99 1021 3460.42
Now/Sex My>koi/male 308 62.87 4.90 4.38-5.48 P<0.05 56.57 4333 25146.42
YKeHckuit/female 183 36.56 5.01 4.33-5.78 P<0.05 43.61 3358 20312.83
benble/White 403 82.72 4.87 4.42-5.37 P<0.05 51.17 6252 37599.42
YepHble/Black 33 5.73 5.76 4.00-8.10 P<0.05 80.12 341 1432.08
A3uatbl UK YpoXKeH-
Libl TUXOOKEAHCKIX
0CTPOBOB/ASian or 51 9.25 5.51 4.19-7.25 P<0.05 39.81 1050 6167.67
Paca/Race | pacific Islander
AmepuKaHckue
VHAELbI/KOPEHHbIE
xutenn Anscku/ 4 0.91 440 | 1.20-11.30 P<0.05 67.39 46 260.08
American Indian/
Alaska Native
PasseneHbl/Divorced 55 8.79 6.26 4.74-8.23 P<0.05 53.97 854 462417
CocrouT B 6pake/
Married 228 41.37 5.51 4.83-6.27 P<0.05 43.94 4249 27580.88
CemeliHoe
- B pasgensHom npo-
zagfn)ﬂK;rital XuBaHuu/Separated 11 0.68 16.18 P<0.05 119.77 86 379.75
SIS gﬁ,;ﬁfm'” B Gpake/ 72 1477 | 487 | 384-606 | P<0.05 36.47 1568 8951.25
Bposeu/saosa/
Widowed 125 7.85 15.92 | 13.27-18.96 P<0.05 125.37 934 3924.00
TonbKO Nokanu3o-
sanwas/Localized only 345 61.81 5.58 5.02-6.20 P<0.05 58.19 4866 34338.08
OTpanéHHble ovarn
1/uan aumdoy3nbl
BOBJeYeHbl/Distant 26 3.69 7.05 | 4.61-10.36 P<0.05 36.57 610 1677.25
site(s)/node(s)
involved
PernoHapHoe
NopaXkeHue ToMbKo
npsAMbIM pacnpo-
CTpaHeHvem/ 24 3.76 6.38 4.10-9.51 P<0.05 62.63 322 1505.42
Regional by direct
extension only
PernoHapHoe nopa-
XKEHWE C NPSMbIM
Crapus pacnpocTpaHeHuem
onyxonu 11 OPXKEHNEM
/ Tumor MM ATNYECKINX 20 3.16 6.33 3.87-9.78 P<0.05 46.89 360 1052.33
stage yanoe/Regional by
both direct extension
and lymph node
involvement
TMopaxeHbl TONbKO
pernoHapHble M-
thatnyeckue yansi/ 66 21.58 3.06 2.39-3.85 P<0.05 34.38 1291 6165.92
Regional lymph
nodes involved only
HeunsBecTHo/He
CTaanpoBaHo/He
YTO4HEHO/[aHHbIe
3 CBMETENbCTBA 10 1.44 6.94 3.33-12.77 P<0.05 35.54 242 720.25
o0 cmepTn (DCO)/
Unknown/unstaged/
unspecified/DCO
JlyyeBas
Tepanus/ [a/Yes 387 33.72 11.48 | 10.36-12.71 P<0.05 411.92 858 11238.58
Radio-
therapy Het/No 104 51.29 2.03 1.66-2.47 P<0.05 1.54 433 34193.75
Xumuo- [a/Yes 54 17.20 3.14 2.37-4.12 P<0.05 66.67 552 5734.75
Tepanus/
Chemo-
therapy Het/No 437 59.60 7.33 6.66-8.06 P<0.05 511.91 739 39734.5
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Figure 2. Nelson-Aalen Cumulative Hazard Curves for CVD-Related Mortality in TC Patients
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Ta6bnuua 2. Puck cmepTi OT pa3nuyHbiX TUNoB CC3 y NaLMeHToB ¢ pakom f3bika
Table2:The mortality risk of different types of CVD among TC patients

Habniogaembie | Oxupaembie flepcoHbIrob! BbIKMBa-
TMokasarensb / cmeptv ot CC3 /| cmeptu/ | CMP / | 95% U/ | P3Hayehue / "36";?:'/"“" Hud, c"sa""'(’:'g;(; ;;.Mte';T'
Indicator Observed CVD Expected SMR 95% Gl Pvalue Ex c':.' ss Risk pl:aorg;:?al:rs of surZi:al
deaths deaths related to CVD mortality
Wtoro / Total 491 155.2 3.16 3.15-3.17 P<0.05 335.8 1432.26
Vwemnseckas GonesHs cepaua / 211 1352 | 1561 [13.46-18.00| P<0.05 197.48 901.42
Ischemic heart disease
3a6onesaHus apTepuii, aptepuon
1 kanunnsapos / Diseases of arteries, 13 1.04 12.50 | 7.14-21.87 P<0.05 11.96 69.42
arterioles and capillaries
LepeGposackynsipble 3a6onesarus / 85 6.21 13.69 |11.09-16.87| P<0.05 78.79 413.92
Cerebrovascular diseases
BT G 13 0.95 1368 | 7.82-23.91 |  P<0.05 12.05 63.00
Pulmonary heart disease
uneprokuieckas Goness / 53 471 11.25 | 8.65-14.63 | P<0.05 48.29 314.00
Hypertensive disease
[lpo4me 1 HeyTOYHEHHbIE 3a60MeBaHNA
CUCTEMbI KPOBOOGpaLLeHNs /
Other and unspecified disorders 116 8.58 13.52 |11.34-16.08| P<0.05 107.42 571.92
of the circulatory system

in multimodal therapies — including surgery, radiotherapy, and
chemotherapy — have modestly improved outcomes for advanced TC,
overall prognosis remains suboptimal. Despite extensive research
on treatment strategies and long-term survival in advanced disease,
studies focusing on mortality risk determinants, particularly non-
cancer causes such as cardiovascular disease (CVD), remain limited.

This study systematically evaluated CVD-related mortality risk
in TC patients using the SEER database, revealing a significantly
elevated standardized mortality ratio (SMR = 3.16, 95% Cl:
3.15-3.17) compared to the general population, with marked
multidimensional heterogeneity. First, age emerged as a critical
determinant: middle-aged to older patients (60-79 years) faced the
highest risk (SMR = 3.55-3.59), whereas younger (15-39 years,
SMR =1.08) and elderly (>80 years, SMR = 2.95) patients exhibited
lower risks. This pattern may reflect age-related declines in baseline
cardiovascular health and cumulative treatment toxicities. Second,
tumor stage strongly influenced outcomes: distant metastases
conferred the highest cumulative risk (SMR = 7.05), followed by
locally advanced disease with nodal involvement, while localized
tumors carried the lowest risk. These findings suggest that tumor
burden exacerbates cardiovascular injury, potentially through
systemic inflammation or metabolic dysregulation [14].

The impact of treatment modalities on cardiovascular disease
(CVD) mortality risk is significant. Patients who underwent
radiotherapy exhibited a substantially higher risk of CVD-related
mortality compared to those who did not receive radiotherapy
(SMR = 11.48 vs. 2.03). Similarly, patients who did not undergo
chemotherapy also demonstrated a higher risk (SMR = 7.33).
This finding may appear to deviate from general medical logic and
could be attributed to several factors. Prior to initiating antitumor
treatments, patients' cardiovascular health is thoroughly evaluated,
and only those with relatively better cardiovascular conditions are
deemed eligible for chemotherapy. Consequently, chemotherapy
patients tend to benefit from longer survival times, which are closely
associated with an increased likelihood of CVD-related mortality
[15,16]. The chemotherapy regimens commonly used for tongue
cancer patients include platinum-based agents and taxanes, both
of which exert multifaceted effects on the cardiovascular system.
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Platinum-based chemotherapeutic agents (e.g., cisplatin, carboplatin,
oxaliplatin) are widely utilized for their broad-spectrum antitumor
efficacy, including the treatment of head and neck cancers, lung
cancer, and breast cancer [17]. These agents interact with DNA,
inducing cross-linking, disrupting DNA function, and ultimately
leading to apoptosis. In a study of testicular cancer survivors, 53%
of patients treated with cisplatin developed hypertension, with an
incidence rate 2.3 times higher than that of the control group [18].

Sociodemographic disparities further stratified risk. Black (SMR
= 5.76, 95% Cl: 4.00-8.10) and Asian/Pacific Islander (SMR =
5.51, 95% Cl: 4.19-7.25) patients faced disproportionately higher
CVD mortality than White patients (SMR = 4.87), likely due to
socioeconomic inequities, healthcare access barriers, or genetic
predispositions. Marital status also significantly impacted outcomes:
widowed (SMR = 15.92) or separated (SMR = 16.18) patients
had exceptionally high risks compared to married counterparts
(SMR = 5.51), highlighting the role of social support in mitigating
cardiovascular morbidity [19,20].

Limitations

This study has several limitations. First, reliance on SEER data
introduces potential biases from incomplete records (e.g., missing
diagnostic/survival dates) and unmeasured confounders (e.g., lifestyle
factors, comorbidities). Second, competing risks from complex
mortality causes (e.g., cancer progression, non-CVD comorbidities)
may overestimate CVD-specific mortality. Third, insufficient treatment
details (e.g., radiotherapy doses, chemotherapy regimens) limit
mechanistic insights into therapy-related cardiovascular toxicity.
Finally, the 21-year study span introduces temporal heterogeneity, as
evolving treatment protocols and CVD management guidelines may
affect longitudinal risk patterns.

Future Directions
Prospective cohorts integrating granular treatment data,

cardiovascular biomarkers (e.g., high-sensitivity troponin,
inflammatory cytokines), and social determinants of health are needed

-
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to clarify mechanisms — such as radiation-induced oxidative stress or
tumor-derived endothelial damage — and refine risk prediction models.
Interventions targeting high-risk subgroups (e.g., irradiated patients,
socioeconomically disadvantaged populations) should prioritize
cardioprotective strategies (e.qg., statins, lifestyle modifications).
Community-level initiatives to address healthcare access disparities,
particularly for Black and uninsured groups, are equally critical to
mitigate biological and structural CVD risks [21, 22].

By bridging oncology and cardiology disciplines, future efforts
may reduce the dual burden of cancer and CVD, ultimately improving
long-term outcomes for TC survivors.

Conclusion

This study underscores the imperative to integrate cardiovascular
risk surveillance into survivorship care for TC patients, particularly
those exposed to radiotherapy or experiencing social vulnerability.
The multidimensional determinants of CVD-related mortality —
spanning treatment toxicity, tumor biology, and sociodemographic
disparities — highlight the need for interdisciplinary collaboration
between oncology and cardiology. Future efforts should prioritize
mechanistic research and equity-focused interventions to mitigate
the dual burden of cancer and cardiovascular disease in this
population.
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