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Educational disparities in nasopharyngeal carcinoma
survival: Temporal trends and mediating effects

of clinical factors

Dear Editor,

Previous studies conducted in various settings have
reported the strong association of socioeconomic status
(SES) with cancer risk and cancer mortality.!> Low SES
has been associated with increased incidence of malig-
nancies and worse survival. Educational level (EL) is con-
sidered as a critical component of SES and could be a
better indicator linked to social position.*> EL is closely
correlated with behavioral factors, comorbidity burden,
health awareness, and accessibility to the health care sys-
tem, which may have direct or indirect effects on prog-
nosis of cancer.®® Furthermore, factors related to educa-
tion may influence cancer in various way, including tumor
stage at diagnosis, pathologic features, choice of treat-
ment, and eventually survival.”!” The impact of educa-
tional inequalities has well established for most malignant
tumors.®'” However, there has been no study to date exam-
ining the effect of educational disparities on the survival
of patients with nasopharyngeal carcinoma (NPC). In this
study, we sought to examine the effect of EL on NPC sur-
vival and evaluate its temporal trend. We also estimated the
mediating effects of tumor characteristics, lifestyle factors,
sociodemographic factors, and treatment modality on edu-
cational disparities in NPC survival.

A total of 9346 eligible patients with newly diagnosed
NPC were included in analysis. The patient characteristics
stratified by EL are listed in Table S1. EL was classified into
three categories according to the International Standard
Classification of Education (ISCED, 2011 version) as
follows: low (ISCED 0-2: less than primary education
and lower secondary education), medium (ISCED 3-4:
upper secondary education), and high (ISCED 5-6: tertiary
education). Among them, 45.8% of patients (N = 4284)
had low EL, 33.0% (N = 3089) had medium EL, and 21.1%
(N = 1973) had high EL. Compared to lower educated
patients, patients with high EL were more likely associated
with favorable characteristics. The median follow-up time
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FIGURE 1 Cancer-specific survival curves with log-rank test

stratified by education level: crude (A) and inverse probability of
treatment weighting (IPTW) adjusted (B)

was 8.2 years. Crude survival rates stratified by EL revealed
significant survival differences across all three groups
(Figure 1A, all P < .001). A higher EL conferred a better
prognosis. The estimated 10-year cancer-specific survival
(CSS) was superior in high-educated patients (77.7%)
compared with 74.3% and 68.2% in medium and low EL,
respectively. Univariable Cox regression analyses showed
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NPC-specific Survival Stratified by Education Level and Year of Diagnosis (2000-2003, 2004-2007, 2008-2011): Crude 3- and
5-Year Survival (%) and Cox Regression Analysis (HRs).

Survival at Different Crude Survival by Time Periods, ICrude Survival Over Time,
Time Points, No. or % HR (95% CI) HR (95% CI)"
Education Level No. of | 2000-2003 | 2004-2007 | 2008-2011 2000-2003 2004-2007 2008-2011 Within Educational Groups
ucation Leve
Patients | (N=2552) | (N=3597) | (N=3197) (N=2552) (N=3597) (N=3197) by Year of Diagnosis
Low 4284 1286 1554 1444 1.00 1.00 0.900 (0.883-0.918)
3-year 83.4% 88.9% 92.1%
S-year 72.5% 81.8% 87.5%
Medium 3089 852 1257 980 0.779 (0.675-0.899)(0.799 (0.687-0.930)]0.845 (0.675-1.057) 0.911 (0.887-0.935)
3-ycar 86.9% 91.0% 93.2%
S-year 78.8% 83.5% 89.6%
High 1973 414 786 773 0.730 (0.605-0.880)(0.699 (0.544-0.899)]0.638 (0.529-0.769) 0.896 (0.865-0.929)
3-year 87.0% 93.0% 95.2%
S-year 79.2% 88.0% 92.7%

Abbreviation: HR, hazard ratio; CI, confidence interval. *Survival within educational group by year of diagnosis (used as a continuous variable).

FIGURE 2

Temporal trends of the hazard ratio of NPC-specific death during 2000-2011 in three different educational groups (A-C), and

NPC-specific survival stratified by education level and year of diagnosis (2000-2003, 2004-2007, and 2008-2011): crude 3- and 5-year survival

and cox regression analysis (D)

that EL (Hazard ratios [HRs]: high vs low, .646; 95% con-
fidence interval [CI], .575-.726, P < .001; medium vs low,
.796; 95% CI, .724-.875, P < .001; Table S2) was significantly
associated with CSS. Multivariable analysis revealed that
EL was a significant independent factor. HRs for death
resulting from NPC decreased with higher education
(adjusted HRs: high vs low, .859; 95% CI, .761-.969, P = .014;
medium vs low, .891; 95% CI, .809-.981, P = .019; Table S2).

EL as an independent prognostic factor was further
confirmed through the inverse probability of treatment
weighting (IPTW)-adjusted K-M survival analysis and Cox
regression model. The unweighted and weighted patient
characteristics of the study population, stratified by EL, are
listed in Table S1. In our study, 1000 model iterations can
sufficiently optimize the balance statistics when estimat-
ing the weights (Figure S1A). The boxplot demonstrated
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that there was a substantial overlap in the total spread
of propensity scores and the median propensity score by
different education groups (Figure S1B). Following IPTW
adjustment, most of the standardized differences were less
than 10% (Figure S1C), and most of the weighted t-test or
chi-square statistic P-values for differences between three
education groups were not significant (Figure S1D), indi-
cating that distribution of groups was comparable. IPTW-
adjusted Kaplan-Meier analysis showed that differences
across three educational groups remained statistically sig-
nificant (Figure 1B, all P < .05). In IPTW-adjusted Cox
regression model, minor modification of HRs was observed
but they kept statistically significant (IPTW-adjusted HR:
high vs low, .830; 95% CI, .724-.949, P = .006; medium vs
low, .898; 95% CI, .884-.991, P = .032; Table S2).

There was a significant nonlinear effect of the year
of diagnosis on NPC survival in patients with high EL
(P=.003). The restricted cubic spline plots showed that the
log relative hazard of NPC-specific mortality decreased for
each educational category from 2000 to 2011 (Figure 2A-C).
As a result, the 3- and 5-year CSS rates improved over
time in all three education groups (Figure 2D). The pace of
decreasing HR over time, however, was steeper for patients
with high EL than patients with low or medium EL (Fig-
ure 2D). The protective effect of high EL became more
prominent for the most recent years (HR—2000-2003: .730
[95% CI, .605-.880]; 2004-2007: .699 [95% CI, .544-.899];
2008-2011: .638 [95% CI, .529-.796]; Figure 2D). As a result,
the survival disparities between low and high EL became
more evident in recent years.

To explore the underlying paths linking EL to NPC-
specific mortality, we explored the role of clinical charac-
teristics, sociodemographic characteristics, and treatment
factors as mediators to the observed educational dispari-
ties. We observed that 57.1% (95% CI, 36.0-79.7%, Figure
S2A) of the excess NPC mortality among patients with
medium EL could be attributed to the mediators, includ-
ing age at diagnosis (39.0%), radiotherapy (RT) technique
(13.1%), clinical stage (6.9%), tumor stage (5.4%), body mass
index (BMI) (5.1%), and gender (-12.9%). Among patients
with high EL, the significant mediators included age at
diagnosis (28.0%, Figure S2B), RT technique (16.9%), clin-
ical stage (12.5%), tumor stage (9.4%), node stage (7.5%),
BMI (5.14.6%), and gender (-7.0%). The total proportion
mediated through these seven factors was about 71.5% (95%
CI, 55.7-91.3%).

Our database is among the largest available database
of NPC patients that includes sociodemographic informa-
tion, clinical characteristics, lifestyle factors, and treat-
ment modalities. In this study involving 9346 partici-
pants, we found that it is individual EL rather than other
SES a significant independent prognostic factor in NPC.
Although the NPC death rate decreased in all educational

3

groups in recent years, educational disparities in NPC mor-
tality between low- and high-educated patients widened.
Multiple mediation analyses show that factors such as age
at diagnosis, stage at diagnosis, RT technique, BMI, and
gender were significant mediators contributed to educa-
tional disparities in NPC survival. Further study is neces-
sary to explore other unidentified risk factors that might
interact with EL and find out possible points of interven-
tion that may reduce educational disparities.
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