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Background

Cigarette smoking is associated with nasopharyngeal cancer (NPC) risk. Whether quitting reduces the risk is unclear. We investigated the associations of NPC with duration of and age at quitting in an endemic region.



Methods

We investigated the associations between NPC and quitting in a multicenter case-control study in Hong Kong with 676 newly diagnosed NPC cases and 1,285 hospital controls between 2014 and 2017, using a computer-assisted self-administered questionnaire. Multivariable unconditional logistic regression yielded adjusted odds ratios (AORs) of NPC by quitting status, duration and age of quitting, combinations of duration and age of quitting, and quitting to smoking duration ratio, compared with current smoking.



Results

Quitting (AOR: 0.72; 95% CI: 0.53–0.98) and never smoking (0.73, 0.56–0.95) were associated with lower NPC risk. NPC risk decreased with (i) longer quitting duration (p < 0.01), reaching significance after 11–20 (0.62, 0.39–0.99) and 21+ years (0.54, 0.31–0.92) of quitting; (ii) younger quitting age (p = 0.01), reaching significance for quitting at <25 years (0.49, 0.24–0.97); and (iii) higher quitting to smoking duration ratio (p < 0.01), reaching significance when the ratio reached 1 (0.60, 0.39–0.93). Quitting younger (age <25) appeared to confer larger reductions (49% for ≤10 years of quitting, 50% for 11+ years) in NPC risk than quitting at older ages (25+) regardless of quitting duration (16% for ≤10 years, 39% for 11+ years).



Conclusions

We have shown longer duration and younger age of quitting were associated with lower NPC risk, with dose-response relations. Our findings support including smoking as a cause of NPC. Stronger tobacco control measures and quitting services are needed to prevent NPC.
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Introduction

Despite its similar cellular or tissue lineage, nasopharyngeal carcinoma (NPC) shows a unique epidemiologic pattern among head and neck cancers. Nonkeratinizing undifferentiated NPC (World Health Organization [WHO] type III) is the predominant histology subtype in East and Southeast Asia, where 71% of NPC cases worldwide occurred, while squamous cell carcinoma and keratinizing undifferentiated carcinoma (WHO type I and II) are predominant in nonendemic regions (1–3). The incidence of NPC also peaks at an earlier age in endemic (45–54 years) than nonendemic (65–74 years) regions (4, 5).

Multiple factors could contribute to the development of NPC, such as Epstein-Barr virus (EBV) infection, host genetics, family history, and occupational exposure to dusts and formaldehyde (1, 6). Asian studies in endemic regions also reported the associations with early life consumption of salted fish (7–9). In 2004 and 2012, the International Agency for Research on Cancer reported that cigarette smoking increases NPC risk in both endemic and nonendemic regions (10, 11), while the Health Consequences of Smoking Report by the US Surgeon General in 2014 only concluded on the carcinogenicity for oropharynx but not for nasopharynx due to insufficient evidence (12). After that, further evidence has emerged (1, 13–16) and a meta-analysis showed that every 10 more pack-years of smoking was associated with 15% higher risk of NPC (17). Our recent individual data meta-analysis of cohort studies in endemic regions has also provided strong evidence for a causal relation between smoking and NPC (18). In contrast, the relation between quitting smoking and NPC remains unclear, and the latest 2020 report of the US Surgeon General on smoking cessation has not stated that quitting reduced the risk of NPC (19). Studies that directly compared NPC risks between former and current smoking were few (13, 20, 21), and the adjusted odds ratio (AOR) in quitters (vs. never smokers) appeared to be even higher than that in current smokers (vs. never smokers) in some studies (22, 23).

A case-control study in the USA, a nonendemic region, reported that compared with current smokers, the risks of squamous cell NPC were lower in 32 quitters who had stopped smoking for less than 5 years (AOR: 0.1; 95% confidence interval (CI): 0.0–0.6), 5–14 years (0.2, 0.1–0.7), and 15+ years (0.2, 0.0–0.8) (20). Although the p for trend was significant (p for trend = 0.003), the AORs did not support a dose-response relation. Four case-control studies have reported the associations between duration of quitting and NPC in endemic regions. One, including 681 NPC cases and 1,078 controls in Thailand, showed a lower NPC risk in quitters who had stopped smoking for >5 years (AOR: 0.65; 95% CI: 0.45–0.96) compared with current smokers, with WHO type III NPC accounting for 68.4% of all cases (21). Another case-control study in Queen Elizabeth Hospital of Hong Kong showed a suggestive lower risk of NPC in quitters who had stopped smoking for 10+ years (0.79, 0.43–1.45), but the study had a small sample size of 73 former smokers among 352 cases (93.2% were WHO type III) (13). Another large case-control study (1,857 NPC cases and 1,907 community controls) in Guangdong and Guangxi, southern China showed that compared with never smokers, NPC risk was lower for short-term quitters (quitting for ≤9 years; AOR: 0.54; 95% CI: 0.39–0.75) but higher for long-term quitters (≥10 years; 1.44, 1.04–2.00) (15). The latest case-control study in Taiwan reported that, compared with never smoking, quitting for ≤5 years was associated with a higher NPC risk (1.54, 1.04–2.29), and quitting for ≥6 years showed no association (1.02, 0.67–1.56 for 6–10 years; 1.25, 0.93–1.69 for >10 years) (16). We have found no reports on NPC risk by age at quitting and smoking duration as of July 2021.

In Hong Kong with one of the highest NPC incidence rates in the world and over 90% cases being nonkeratinizing NPC, we investigated the associations between quitting smoking and NPC risk, using data from the Hong Kong Area of Excellence NPC (HKAoENPC) study with detailed information on quitting and potential confounders.



Methods


Study Subjects

The HKAoENPC study is a multicenter case-control study with fieldwork conducted between March 2014 and September 2017 in five major regional hospitals (Queen Mary Hospital, Pamela Youde Nethersole Eastern Hospital, Queen Elizabeth Hospital, Princess Margaret Hospital, and Tuen Mun Hospital) that treated up to 75% of all new NPC cases in Hong Kong. Details of the methods have been reported (24, 25).

Briefly, the cases were primary NPC patients diagnosed with histological and/or radiological evidence within 2 months. The controls were 1,502 frequency-matched (by sex and 5-year age group) patients or referrals with a new health complaint in the past 12 months in specialist outpatient clinics or new inpatients admitted in the past 3 months in the same hospitals. Those with a history of NPC, dementia, or suspected NPC symptoms such as recent unilateral facial nerve palsy, tinnitus, unilateral hearing loss, and epistaxis were excluded. Following the AsiaLymph guideline of the US National Cancer Institute, we specified that no more than 15% of controls would have the same disease. Controls in specific conditions were further excluded based on known or suspected risk factors of NPC, including immunological, infectious, and/or inflammatory etiology. In the present analysis, we excluded 297 (12.8%) subjects aged over 65 to reduce reverse causality, as smoking cessation in older people was usually due to illness (the “sick quitter” effect) (26, 27). Another 59 (2.5%) subjects were excluded due to missing information on smoking. In total, 1,961 (676 NPC cases and 1,285 hospital controls) were included.

The Institutional Review Board of the HKU/Hospital Authority HK West Cluster (UW 11-192), the HK East Cluster Research Ethics Committee (HKEC-2012-043), the Research Ethics Committee of the Hospital Authority Kowloon Central/Kowloon East (KC/KE-13-0115/ER-2), the Research Ethics Committee of the Kowloon West Cluster [KW/EX-13-073(63–11)], and the NTW Cluster Clinical & Research Ethics Committee (NTWC/CREC/1239-13) approved the study. Written informed consent was obtained from all subjects.



Assessment of Smoking, Quitting, and Covariates

We used a computer-assisted, self-administered questionnaire to minimize interviewer bias. Smoking was assessed by “Have you ever smoked (at least 1 cigarette per day for 6 consecutive months)?” with options of “never smoking,” “current smoking,” “former smoking,” and “don’t know.” Those who chose “former smoking” answered either “How many years have you quit smoking?” or “At what age did you stop smoking?.” Both duration of quitting and age at quitting were assessed based on the answered question. Subjects who chose “current smoking” or “quitting for less than 2 years” were classified as current smokers, and those who had quit for 2 years or longer were classified as former smokers. The duration of quitting (2–4, 5–10, 11–20, and 21+ years) and age at quitting (45+, 35–44, 25–34, and <25 years) were each classified into four groups. We asked “how many cigarettes do you usually smoke per day” in subjects who still smoked and the numbers of cigarettes smoked per day before quitting in those who had quit. The duration of smoking was calculated by subtracting the age at smoking initiation (“At what age did you start smoking?”) from the age at quitting. The duration of quitting was divided by the duration of smoking to calculate the quitting to smoking duration ratio and recoded as <0.5, 0.5–<1, and ≥1. We hypothesized that longer duration of quitting relative to smoking (larger values of quitting to smoking duration ratio) was associated with lower NPC risk. We reinterviewed 140 subjects after around 30 weeks and found high reliability coefficients (0.84–1.00) of smoking and quitting status (25).

Information on sociodemographic characteristics, lifestyle, and putative risk factors of NPC was collected, including sex, age, education, parental education, housing type at the age of 10 years, current household income, alcohol drinking (at least once a week for 6 consecutive months), consumption of salted fish at 6–12 years old (yes/no), family history of cancer (none; non-NPC cancers; NPC), and exposure to occupational hazards (including dust, chemical gas, fumes, acid, or alkali) (yes/no).



Statistical Analysis

Chi-square test was used to assess the differences in background characteristics between cases and controls. To analyze the associations of NPC with smoking status, duration of quitting and age at quitting, odds ratios (ORs) and 95% CIs were calculated using unconditional multivariable logistic regression models, adjusting for potential confounders including sex, age, education, parental highest education, housing type at the age of 10 years, current household income, alcohol drinking, and the number of cigarettes smoked per day. Despite being a strong risk factor for NPC, EBV was not adjusted for as it has been found to mediate the association between smoking and NPC (16, 28, 29). To assess dose-response relation, we tested the linear trends of NPC risk by the duration of quitting, age at quitting, and quitting to smoking duration ratio. Given the high negative correlation between duration of quitting and age at quitting, we assessed NPC risks for different combinations of quitting duration and age at quitting, rather than mutually adjusting for them in regression models.

As sex, consumption of salted fish at age 6–12 years, family history of cancer, and exposure to occupational hazards are putative risk factors of NPC (6–9) and could modify the effect of quitting smoking on NPC, interaction effects were assessed by introducing the interaction (cross-product) terms into regression models. All statistical analyses were conducted using R version 4.0.0 (R Foundation for Statistical Computing Platform). All tests were two-sided with p < 0.05 indicating statistical significance.




Results

Compared with 1,285 controls, the 676 NPC cases had lower education levels (self and parental) and current household income, but higher proportions of family history of NPC, alcohol drinking, and exposure to occupational hazards (all p-values <0.05). No difference was observed for housing type at the age of 10 years, consumption of salted fish at age 6–12, and number of cigarettes smoked per day in ever smokers (Table 1).


Table 1 | Characteristics of nasopharyngeal carcinoma cases and controls in subjects aged 18–65.



Table 2 shows that compared with current smoking, both quitting (AOR: 0.72; 95% CI: 0.53–0.98) and never smoking (0.73, 0.56–0.95) were associated with lower risks of NPC. The ORs of NPC generally decreased with increasing duration of quitting (p for trend: <0.01), reaching statistical significance after quitting for 11–20 (AOR: 0.62; 95% CI: 0.39–0.99) and 21+ years (0.54, 0.31–0.92). NPC risks were lower for quitting at younger age (p for trend = 0.01), reaching significance at age <25 (0.49, 0.24–0.97) but were not significant for quitting at age 25–34 (0.68, 0.42–1.11), 35–44 (0.72, 0.43–1.23), and 45+ (0.73, 0.44–1.19). The AORs showed dose-response relations for duration of quitting and age at quitting. Similar patterns of associations and trends were observed in men, but the results were unstable in women due to small number of quitters.


Table 2 | Associations between quitting smoking and nasopharyngeal carcinoma (cases vs. controls) in subjects aged 18–65 by sex.



Table 3 shows that quitting younger at age <25 appeared to confer larger reductions in NPC risk after quitting for both ≤10 years (AOR: 0.51; 95% CI: 0.10–2.55) and 11+ years (0.50, 0.24–1.05) than quitting at age ≥25 after quitting for ≤10 years (0.84, 0.54–1.29) and 11+ years (0.61, 0.40–0.93). Table 4 shows dose-response relation that NPC risk decreased with quitting to smoking duration ratio (p for trend: <0.01), reaching statistical significance when the quitting duration was as long as the smoking duration (ratio ≥1; 0.60, 0.39–0.93).


Table 3 | Nasopharyngeal  carcinoma risk for combinations of quitting duration and age at quitting in subjects aged 18–65.




Table 4 | Nasopharyngeal carcinoma risk by quitting to smoking duration ratio in subjects aged 18–65.



None of the putative risk factors, including sex, consumption of salted fish at age 6–12 years, family history of cancer, and exposure to occupational hazards, showed interaction with quitting status, duration of quitting, or age at quitting in the associations.



Discussion

This study showed dose-response reductions in risk of nasopharyngeal carcinoma with younger age at quitting and longer duration of quitting. NPC risk reduction was 29% for 5–10 years of cessation, 38% for 11–20 years, and 46% for 21+ years. NPC risk was halved by quitting smoking before the age of 25 years. These patterns were consistent with those for other types of head and neck cancers (30, 31). We did not find effect modification by the three major putative risk factors of NPC—consumption of salted fish at 6–12 years, family history of cancer, and exposure to occupational hazards—in the associations between quitting smoking and NPC.

In line with “reversibility” in Bradford Hill criteria for causality, our findings that quitting smoking was associated with reduced NPC risk strengthen the existing relation between smoking and NPC (13–16, 20, 21, 23, 31–41). We found a nonsignificantly lower risk after quitting for 5 to 10 years and significantly lower risks after 11 years. Risk reduction of NPC by age at quitting has not been reported previously. Although NPC risk declined with quitting at younger age, only quitting before 25 years was associated with a significantly reduced risk.

Despite that both age and duration of quitting were associated with NPC risk, smokers should not delay quitting and try to compensate by a longer duration of quitting, because we also found that quitting at young age could be more important than quitting for a long duration. In former smokers who quit younger than 25, NPC risk was halved regardless of quitting duration even for ≤10 years, but in those who quit at or older than 25, risk reduction appeared to be smaller even after quitting for 11+ years (38%). We first used quitting to smoking duration ratio to test the dose-response effects of quitting duration accounting for the effects of smoking duration, which could also be applicable to other health outcomes. The results showed that NPC risk decreased with higher quitting to smoking duration ratio and was reduced by 40% when the ratio was ≥1, i.e., quitting duration reached smoking duration. Quitting young means lower cumulative exposure to tobacco smoke and less harm on health that may take shorter time to reverse (42). This “early quitting protective effect” is plausible because of the young peak age of NPC in endemic regions such as Hong Kong (4, 5). Why such results were observed in Hong Kong but not elsewhere can also be explained by its large decrease in smoking prevalence with more quitters in general and in NPC patients than in China Mainland and other endemic regions (43).

As with previous studies (14, 44), the associations were mainly observed in men but not in women, probably due to the small numbers of NPC and smokers in women. Our individual data meta-analysis of cohort studies on 334,935 men in endemic regions only observed 48 NPC cases who had quit cigarette smoking, and the risk reduction was nonsignificant (22 cases who quit for <5 years—AOR: 1.22; 95% CI: 0.78–1.90; 26 cases who had quit for ≥5 years: 0.91, 0.60–1.36) (18). The above results suggest that case-control study is probably the most feasible study type for causal inference between quitting smoking and NPC, especially when assessing dose-response relations.

The incidence of NPC increases with age and peaks at 45–59 years in Hong Kong and other high-risk regions, and a much earlier subpeak appears at 15–19 years in low-risk regions (5). The peak age is younger than those of other solid tumors, and thus quitting smoking as young as possible is recommended for preventing NPC. Our ecological study has shown concurrent declining trends of smoking and NPC prevalence in past decades in Hong Kong (45), suggesting that increasing tobacco tax, and/or other tobacco control measures, could contribute to NPC prevention.

Previous NPC studies defined current smoking in periods ranging from past month to past year and showed no reduction or even an increase in NPC risk for quitters than current smoking (13, 15, 21–23, 46). For example, a case-control study with 113 NPC cases and 1,910 controls reported an AOR (95% CI) of 2.3 (1.3–4.0) for former smoking and 1.4 (0.8–2.6) for current smoking vs. never smoking (22). The most plausible explanation is reverse causality that quitting was driven by illness or ascertainment of NPC. Therefore, we classified recent quitting as current smoking, in line with other smoking-related epidemiological studies (13, 47, 48). On the other hand, if the recent quitters had higher NPC risk, classifying them as current smokers would diminish the differences in NPC risk between the remaining former smokers and never smokers. Compared with never smokers, the smaller AORs in former smokers who quit for over 11 years or before 25 years old should not be interpreted as protective effects of former smoking, considering the overlapping CIs. Further studies are warranted to investigate the potential drivers, such as adoption of other health behaviors (e.g., diet, physical activity) among those who quit smoking early.

Given that the excess NPC risk from smoking was partially mediated through EBV reactivation (16, 29, 49), quitting smoking would incur additional benefits apart from eliminating exposure to cigarette smoke itself. EBV reactivation is the most important risk factor for NPC (50) and is associated with smoking. Several large studies in healthy subjects showed that both smoking (28, 51) and cotinine (52) were associated with higher seropositivity for several bio-markers of EBV reactivation and subsequently with higher risk of NPC (16, 29). Further studies are needed to confirm whether quitting smoking can reduce EBV reactivation, and in turn, prevent the development of NPC.

Major strengths of the present study were the large sample size and detailed information on smoking and quitting, including duration of quitting, age at quitting, and smoking duration and intensity. Moreover, Hong Kong has entered the late stage of the smoking epidemic with a higher proportion of former smokers than other endemic areas in southern China. This, together with its high NPC incidence, has made Hong Kong an opportunistic place for our study.

Our study had several limitations. First, the retrospective study design was subject to recall errors, especially for childhood exposures, although we have shown good reliability of the self-reported lifetime experiences by our previous test-retest study (25). Second, as a case-control study, recall bias, Berkson’s bias, and residual confounding could affect the associations. NPC cases could be more likely to report smoking and quitting than healthy controls who also smoked, but such recall bias would be reduced by using hospital controls who also have diseases. Hospital controls would also improve the similarity of unmeasured characteristics between case and control groups. In addition, indirect Berkson’s bias (overestimated associations because another disease is associated with the exposure under study) would be attenuated, because we used incident cases rather than prevalent cases (53). Third, insufficient women were included largely due to the low smoking and quitting rates, and further studies in women are needed to verify the associations. Ideally, the negative association between quitting and NPC should be confirmed by prospective cohort studies. However, it would be difficult to set up a large cohort and follow them for decades to obtain enough NPC cases who have quit smoking, especially for testing the effects of quitting at young age, quitting for long duration, and dose-response relations. Hence, large case-control studies are probably the most feasible study type for causal inference. Collaborative individual participant data meta-analysis of case-control and cohort studies from all endemic regions are warranted.



Conclusions

We have shown that longer duration of quitting and younger age at quitting were associated with lower NPC risk with dose-response relations in an NPC endemic region. Our findings support that NPC should be included as a cancer that can be caused by smoking. More stringent tobacco control measures and more effective smoking cessation campaigns and services are needed to prevent NPC.
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