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Purpose: To assess the causes of death (COD) and long-term survival after
nasopharyngeal carcinoma (NPC) diagnosis.

Methods: Using linked data from the Surveillance, Epidemiology, and End Results
program, patients with NPC diagnosed from 1990 to 2010 and followed up >5 years
were identified. Chi-squared test, the Kaplan—-Meier method, and the Cox proportional
hazard model were used for analyses.

Results: Among the 3,036 long-term NPC survivors, 1,432 survived for >5-10 years
and 1,604 survived for >10 years. The most common COD was primary NPC (36.9%),
followed by other causes (28.7%), other cancers (15.3%), cardiac disease (12.9%),
and non-malignant pulmonary disease (6.2%). With a median follow-up of 125 months,
deaths from NPC decreased with increasing time from diagnosis, while death because
of cardiac disease and other causes increased. In those aged <50 years, death due to
NPC remained the main COD over time, while cardiopulmonary disease-related death
was the leading COD in patients aged >50 years. In White patients, death due to NPC
decreased, and death due to cardiac disease increased over time. Death from NPC
remained significant in Black and Asian patients even 15 years after the diagnosis of
NPC, while death due to cardiac disease significantly increased after 9 years of diagnosis
in Black patients. Multivariate analyses showed that the independent factors associated
with inferior NPC-specific survival were older age, Asians, American Indian/Alaska Native,
regional stage, distant stage, and diagnosis in the early years.

Conclusions: The probability of death from primary NPC remains significant even 15
years after the NPC diagnosis. Our study advocates continued surveillance for NPC
survivors beyond the traditional 5 years. Individualized follow-up strategies are required
for patients with NPC of different ages and races.
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COD in NPC Survivors

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma
with distinct racial and geographical distribution. It has been
endemic in East and Southeast Asia with incidence rates can be
more than 20 per 100,000 person-years, while, in most Western
countries, the overall incidence of NPC is <1 per 100,000 person-
years (1, 2). Due to the insidious characteristics of NPC, 70-
80% of patients were diagnosed with locally advanced disease
(3). With the development of radiotherapy techniques (4, 5),
chemotherapy drugs (6, 7), and immunotherapy (8, 9), the 5-year
overall survival rate of NPC has reached ~85% (10). However,
there are still ~20-30% of patients that will develop distant
metastasis after comprehensive treatment, especially in those
with an advanced nodal stage and high Epstein-Barr virus (EBV)
DNA levels (11, 12).

Several long-term studies have investigated the malignant
causes of NPC-specific mortality (13-15). However, the
information on the nonmalignant causes of death (COD)
remains limited in long-term NPC survivors, which may be a
driver for guiding treatment strategies and long-term follow-up
to address any preventable treatment-related adverse events.
Databases based on high-quality population-based cohorts have
important guiding value for investigating long-term COD in
patients with cancer. However, such studies on NPC are yet to
be performed. In this study, we aimed to assess the COD in
long-term NPC survivors using a population-based cohort to
provide initial insights to guide long-term follow-up strategies.

MATERIALS AND METHODS

Patients

We identified NPC data using the Surveillance, Epidemiology
and End Results (SEER) program, a public cancer database that
includes de-identified information from population-based cancer
registry data in the United States (US) (16). We included patients
with primary NPC who received radiotherapy from the years of
1990 to 2010 and survived >60 months. The patients without
sufficient survival data and who received non-beam radiation
were excluded. The SEER program includes de-identified patient
information and is, therefore, exempt from the approval process
of the Institutional Review Board.

Measures

We included the following data in the analysis: age, gender,
years of diagnosis, race, histology, SEER historic stage, American
Joint Committee on Cancer (AJCC). Tumor Node Metastasis
(TNM) stage, chemotherapy use, and COD. The classification
of races was divided into White, Black, Asian, and American
Indian/Alaska Native. We classified histology into keratinizing
squamous cell carcinoma (SCC) (codes: 8070 and 8071) (WHO
type I), differentiated non-keratinizing SCC (codes: 8072 and
8073) (WHO type II), undifferentiated non-keratinizing SCC
(codes: 8020, 8021, and 8082) (WHO type III), and others.
COD was defined as deaths from primary NPC, other cancers,
cardiac-related diseases, pulmonary-related diseases, and other

causes. We used a simplified version of the SEER historic stage
(localized, regional, and distant) to define the stage of patients
with NPC because the TNM staging was not available in the SEER
database before 2004. The 6th edition of the AJCC TNM staging
system was used for those diagnosed between 2004 and 2010. The
distribution of COD for long-term NPC survivors was analyzed
according to the following latency period to guide the optimal
long-term follow-up strategies: 5-7 years, 7-9 years, 9-11 years,
11-13 years, 13-15 years, and >15 years. In the current analysis,
NPC-specific survival (NPCSS) was the primary endpoint and
was defined as the time from the diagnosis of NPC to death
from NPC.

Statistical Analysis

Chi-square tests were conducted to compare the baseline
characteristics between patients who survived >5-10 years
and >10 years. Kaplan-Meier analysis and log-rank test
were conducted for survival comparisons. A multivariate
Cox proportional hazards model was used to evaluate the
independent prognostic factors related to NPCSS. All statistical
analyses were performed using SPSS v22.0 (IBM Corporation,
Armonk, NY, USA) and MedCalc Statistical Software version
18.2.1 (MedCalc Software bvba, Ostend, Belgium), with a P-
value <0.05, indicating statistical significance. The histograms
presenting the proportion of different COD over time were
produced by Microsoft Excel.

RESULTS
Baseline Characteristics

A total of 3,036 long-term NPC survivors were included in the
current study (Table 1). The patient selection flowchart has been
listed in Figure 1. The majority of cases were male (n = 2,109,
69.5%), Asians (n = 1,491, 49.%), regional stage (n = 1,897,
62.5%), and receipt of chemotherapy (n = 2,360, 77.7%). Among
Asians, 50.% of patients with NPC were Chinese. In patients
with available histology, 854 (23.6%), 520 (23.6%), and 834
(37.8%) had keratinizing SCC, differentiated non-keratinizing
SCC, and undifferentiated non-keratinizing SCC, respectively.
Among patients diagnosed between 2004 and 2010 (n = 1,460),
1,303 had available TNM staging data, including 141 (10.8%),
375 (28.8%), 429 (32.9%), and 358 (27.5%) had Stages I, II, III,
and IV diseases, respectively. In the entire cohort, 1,432 patients
survived >5-10 years and 1,604 patients survived >10 years. The
patients with younger age (p < 0.001), diagnosis between 1990
and 1999 (p < 0.001), Asians (p < 0.001), undifferentiated non-
keratinizing SCC (p < 0.001), localized and regional stages (p
< 0.001), and no receipt of chemotherapy were more likely to
survive >10 years (Table 1).

COD in Long-Term NPC Survivors

With a median follow-up of 125 months (range, 61-323 months),
a total of 885 deaths were observed, and 327 of them died from
NPC. The most common COD was primary NPC (n = 327,
36.9), followed by other causes (n = 254, 28.7%), other cancers
(n =135, 15.3%), cardiac-related disease (n = 114, 12.9%), and
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TABLE 1 | Baseline characteristics in long-term nasopharyngeal carcinoma survivors.

Variables n Patients surviving >5-10 Patients surviving >10 P
years (%) years (%)

Age (years)

<50 1,603 629 (43.9) 974 (60.7) <0.001
50-64 1,020 538 (37.6) 482 (30.0)

>65 413 265 (18.5) 148 (9.3)

Years of diagnosis

1990-1999 866 217 (15.2) 649 (40.5) <0.001
2000-2010 2,170 1,215 (84.8) 955 (59.5)

Gender

Male 2,109 990 (69.1) 1,119 (69.8) 0.707
Female 927 442 (30.9) 485 (30.2)

Race

White 1,234 628 (43.9) 606 (37.8) <0.001
Black 268 138 (9.6) 130 (8.1)

Asian 1,491 640 (44.7) 851 (53.1)

American Indian/Alaska Native 43 26 (1.8) 17 (1.1)

Histology

WHO type | 854 415 (29.0) 439 (27.4) <0.001
WHO type Il 520 285 (19.9) 235 (14.7)

WHO type I 834 336 (23.5) 498 (31.0)

Other 828 396 (27.7) 432 (26.9)

SEER stage

Localized 343 148 (10.3) 195 (12.2) <0.001
Regional 1,897 788 (55.0) 1,109 (69.1)

Distant 687 455 (31.8) 232 (14.5)

Other 109 41 (2.9) 68 (4.2)

Chemotherapy

No 676 261 (18.2) 415 (25.9) <0.001
Yes 2,360 1,171 (81.8) 1,189 (74.1)

NPC diagnosed during 1990-2010 (n=8456)

Survival <60 months (n=4101)
» Two or more primary cancers (n=918)
Unknown the number of primary cancers (n=1)

A 4

Primary NPC surviving >60 months (n=3436)

No radiotherapy (n=320)

Radiation, not otherwise specified method or source not specified (n=50)
Radioactive implants (includes brachytherapy) (n=3)

Radioisotopes (n=1)

Recommended radiotherapy, unknown if administered (n=21)

Refused radiotherapy (n=5)

A 4

Included in the analysis (n=3036)

FIGURE 1 | A flow diagram of the study cohort.
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FIGURE 2 | Causes of death across different time periods for long-term nasopharyngeal carcinoma survivors.

non-malignant pulmonary disease (NPD) (n = 55, 6.2%). The
patterns of the COD vary among patients with different survival
times. Among patients surviving >5-10 years, 44.1% (n = 255)
died due to primary NPC, 24.2% (n = 140) due to other causes,
16.8% (n = 97) due to other cancers, 10.6% (n = 61) due to
cardiac disease, and 4.3% (n = 25) due to NPD. For patients
surviving >10 years, 37.1% (n = 114) died due to other causes,
23.5% (n = 72) due to primary NPC, 17.3% (n = 53) due to
cardiac disease, 12.4% (n = 38) due to other cancers, and 9.8%
(n = 30) due to NPD.

In the entire cohort, death from NPC decreased with
increasing time from diagnosis, while death because of cardiac
disease and other causes increased (Figure2). The COD
after stratification by years of survival according to age and
race is listed in Figures 3, 4. In patients aged <50 years,
death due to NPC remained the main COD over time,
and death from NPC was still significant even > 15 years
after diagnosis of NPC (Figure 3A). For patients aged 50-
64 years, NPC-related deaths gradually decreased over time,
and NPD-related deaths peaked at >15 years (Figure 3B). In
addition, in those aged >65 years, death due to cardiac disease
significantly increased after 11 years of diagnosis and was
the predominant COD for whom the exact COD was known
(Figure 3C).

Regarding race, death due to NPC decreased in White
patients, and death due to cardiac disease increased (Figure 4A).
In Black patients, death due to NPC remained significant even
15 years after the diagnosis of NPC, and cardiac disease-
related death significantly increased after 9 years of diagnosis
(Figure 4B). In Asian patients, NPC remained the main COD
over time, and cardiac death risk was no higher than in
White and Black patients (Figure4C). The distribution of
COD was similar between Chinese and other Asians (all
p > 0.05).

Survival Outcomes and Prognostic

Analyses

Multivariate analyses were conducted to evaluate the
independent factors associated with NPCSS (Table2). In
the NPC survivors, independent factors associated with inferior
NPCSS included older age [aged 50-64 years vs. aged <50
years, the hazard ratio (HR) 1.559, 95% confidence interval (CI),
1.230-1.977, p < 0.001], Asian (Asian vs. White, HR, 1.757, 95%
CI, 1.368-2.257, p < 0.001), American Indian/Alaska Native
(American Indian/Alaska Native vs. White, HR, 3.072, 95% CI,
1.592-5.927, p = 0.001), the regional stage (the regional stage
vs. the localized stage, HR, 1.721, 95% CI, 1.127-2.626, p =
0.012), the distant stage (the distant stage vs. the localized stage,
HR, 2.226, 95% CI, 1.389-3.565, p = 0.001), and diagnosed
between 1990 and 1999 (diagnosed between 1990 and 1999
vs. diagnosed between 2000 and 2010, HR, 1.276, 95% CI,
1.00-21.627, p = 0.048) (Table 2). The survival curves according
to age at diagnosis (Figure 5A), race (Figure 5B), and SEER stage
(Figure 5C) are listed in Figure 4. In those diagnosed between
2004 and 2010, the AJCC stage was the only independent
prognostic factor associated with NPCSS (Table 3).

DISCUSSION

In the current study, we used a population-based cohort to
analyze the COD in long-term NPC survivors (>5 years). Our
study was the first to tackle this issue, and our findings indicated
that, with increased follow-up time after NPC diagnosis, death
due to primary NPC or other second cancers decreased; while
death due to non-cancer-related causes increased. In addition,
the probability of death from primary NPC remained significant
(~20%) even 15 years after NPC diagnosis.
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FIGURE 3 | Causes of death after stratification by age at diagnosis for long-term nasopharyngeal carcinoma survivors over time [(A) aged < 50 years; (B) aged 50-64
years; (C) >65 years].
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In the current European Society for Medical Oncology
guidelines, Magnetic Resonance Imaging should be used one
time every 6 months for at least 3 years after treatment, the

TABLE 2 | Multivariate survival analysis for nasopharyngeal carcinoma-specific

survival in long-term survivors in the entire cohort.

nasal examination should be administrated for the first 5 years,
and EBV-DNA should be evaluated at least every year (17). The
Chinese Society of Clinical Oncology guidelines for NPC have
similar recommendations, with an additional recommendation
for annual review after 5 years of diagnosis (18). In this study, we
found that, although the mortality from primary NPC declined,

Variables HR 95%ClI P
TABLE 3 | Multivariate survival analysis for nasopharyngeal carcinoma-specific
Age (years) survival in long-term survivors diagnosed between 2004 and 2010.
<50 ! Variables HR 95%Cl P
50-64 1.659 1.230-1.977 <0.001
>65 1.414 0.994-2.012 0.054 Age (years)
Years of diagnosis <50 1
1990-1999 1 50-64 1.215 0.761-1.938 0.415
2000-2010 0.783 0.615-0.998 0.480 >65 0.913 0.421-1.982 0.818
Gender Gender
Male 1 Male 1
Female 1.150 0.913-1.448 0.236 Female 1.093 0.685-1.746 0.709
Race Race
White 1 White 1
Black 1.271 0.801-2.015 0.309 Black 0.545 0.226-1.313 0.176
Asians 1.757 1.368-2.257 <0.001 Asiane 0.957 0.598-1.532 0.856
American Indian/Alaska Native 3.072 1.692-5.927 0.001 American Indian/Alaska Native 2.377 0.562-10.009 0.238
Histology Histology
WHO type | 1 WHO type | 1
WHO type Il 1.075 0.766-1.507 0.677 WHO type I 1.365 0.694-2.688 0.367
WHO type Ill 0.931 0.690-1.257 0.642 WHO type Ill 1.661 0.869-3.175 0.125
Other 1.065 0.785-1.421 0.717 Other 1.602 0.836-3.070 0.155
SEER stage Clinical stage
Localized 1 | 1
Regional 1.721 1.127-2.626 0.012 Il 1.400 0.465-4.217 0.550
Distant 2.226 1.389-3.565 0.001 Ml 2.491 0.876-7.087 0.087
Other 1.851 0.969-3.536 0.062 \% 3.746 1.329-10.562 0.012
Chemotherapy Chemotherapy
No 1 No 1
Yes 0.902 0.681-1.194 0.471 Yes 0.980 0.419-2.294 0.963
A B
100 100 100
~ 8o} g 8o —t g sof E §
= E 60 - 5 eof
o 60 2 2
K 2 g
g 3 % 3 9f
.'_é “r H — Localized H |, = ke
£ @ 20~ — Regional p_ oo L [ =ae P<0.001
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— 50-64 years P=0.007 0 ! N 1 i ob L L L L
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oL 1 1 L L 1 Survival months Survival months
60 120 180 240 300 360 Number at risk Number at risk
Survival months Group: Localized Group: White
Number at risk 343 195 84 25 6 1234 606 246 79 0
Group: <50 years Group: Regional Group: Black
1603 974 481 189 32 0 1897 1109 534 184 28 268 130 43 15 0
Group: 50-64 years Group: Distant Group: Asian
1020 482 174 53 9 L] 687 232 44 20 4 1491 851 403 147 0
Group: 265 years Group: Unknown Group: American Indian/Alaska Native
148 46 5 0 0 109 68 39 18 3 9 6 0

FIGURE 5 | Comparison of nasopharyngeal carcinoma-specific survival after stratification by age at diagnosis (A), race (B), and SEER stage (C).
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it did not drop to zero even 15 years after NPC diagnosis.
This signifies that neither 5-year nor 10-year long-term survival
signifies a cure of NPC, and long-term surveillance for NPC
survivors is required. Several population-based studies have
also shown similar findings in other cancers, including lung
(19), bladder (20), and head and neck cancers (21). Our study
suggests that routine follow-up care for NPC survivors should be
expanded for a long period.

Similar to other head and neck cancers (22), NPC survivors
also faced an increased risk of death from any cause. The results
from a non-endemic area showed that the risk of differentiated
NPC was significantly associated with tobacco smoking like other
head and neck cancers, while smoking had limited influence on
the risk of undifferentiated NPC (23). However, a meta-analysis
showed that tobacco smoking increased NPC risk in the endemic
areas (24). Therefore, in addition to the additional risk posed by
NPC, the increased mortality likely reflects tobacco use among
long-term NPC survivors. Tobacco smoking is a common risk
factor in NPC, and it is also linked to cardiopulmonary disease
and several other cancers. However, estimates of excess mortality
from each cause in long-term NPC survivors should include
comparisons with peers of similar age at diagnosis, race/ethnicity,
and history of tobacco use.

In our previous study, we found that younger NPC patients
were more likely to develop the locally advanced disease than
their older counterparts (25). Several studies including ours
have also confirmed that patients with younger age have a
better prognosis than older NPC (25-27). However, there are
no relevant studies on the effects of different age distributions
on long-term COD of NPC. In our study, NPC-related death
remained the main COD over time in patients aged <50 years,
and NPC-related deaths gradually decreased over time, whereas
non-cancer-related causes increased over time in those aged >50
years. Therefore, cardiopulmonary disease assessment is required
for older patients with a long-term follow-up, while primary NPC
should remain a primary consideration during the long-term
follow-up of younger survivors.

In the current study, we also found that long-term NPC
African Americans survivors had a higher risk for cardiac death
than Asian and White patients. This may be partly explained
by the fact that African Americans have a higher overall risk
of death from heart disease compared with Asians and Whites
(28). However, NPC remained the main cause of death during
the follow-up period of 5-13 years in Asian patients, which
was higher than Whites and African Americans. This can be
explained by the different incidence rates of NPC by race and
ethnicity. Therefore, for NPC patients undergoing a long-term
follow-up, optimal healthcare needs to be formulated according
to different ethnic groups.

In our study, independent factors associated with inferior
NPCSS in multivariate analysis included older age, Asians,
American Indian/Alaska Native, the regional stage, the distant
stage, and diagnosed in early years. American Indians/Alaskan
Natives had the worse NPCSS compared to White Americans,
which was similar to the previous study (29). Surprisingly, we
found that the long-term NPCSS of Asians was significantly
worse than that of Whites. The reason for this result remains

unclear. In several previous SEER studies, Chinese or other
Asians had better survival outcomes than other races/ethnicity
(30-32). However, none of them assessed the long-term survival
outcomes of the patients. Keratinizing SCC is the predominant
subtype in Whites, while the undifferentiated non-keratinizing
SCC type is predominant in Asians. In our previous study,
patients with keratinizing SCC reached a peak mortality in
the 1st year after diagnosis, and the mortality rate decreased
significantly in the 5th year after diagnosis. However, patients
with undifferentiated non-keratinizing SCC had a peak mortality
in both the 2nd and 6th years of diagnosis (33). Therefore, the
higher long-term mortality risk in Asian patients than in White
patients may be related to the peak mortality across different
histological subtypes.

Several inherent limitations should be acknowledged in this
study. First, the lack of information on baseline comorbidities in
the SEER database may have influenced the patterns of COD in
this population. Second, unified AJCC staging cannot be used to
assess the survival of patients due to the long time width of the
included patients, which may confound the prognostic evaluation
of patients. Third, it is difficult to determine whether a patient
with recurrent NPC is a true recurrence or a new primary NPC.
Moreover, the prognosis of NPC is also connected to EBV DNA.
However, the status of EBV DNA is not included in the current
SEER database. Finally, the data for this study were generated
from the SEER program in the US. Therefore, our findings are not
representative of the entire patient population, especially those
from NPC endemic areas.

CONCLUSIONS

In conclusion, our study suggests that the probability of death
from primary NPC remains significant even 15 years after the
NPC diagnosis. The surveillance for NPC survivors should be
continued beyond the traditional 5 years. Individualized follow-
up strategies are required for patients with NPC of different ages
and races.
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