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Abstract
Background: Conditional survival (CS) provides dynamic prognostic estimates
by considering the patients existing survival time. Since CS for endemic nasopha-
ryngeal carcinoma (NPC) is lacking, we aimed to assess the CS of endemic NPC
and establish a web-based calculator to predict individualized, conditional site-
specific recurrence risk.
Methods: Using an NPC-specific database with a big-data intelligence plat-
form, 10,058 endemic patients with non-metastatic stage I–IVA NPC receiving
intensity-modulated radiotherapy with or without chemotherapy between April
2009 and December 2015 were investigated. Crude CS estimates of conditional
overall survival (COS), conditional disease-free survival (CDFS), conditional
locoregional relapse-free survival (CLRRFS), conditional distant metastasis-free
survival (CDMFS), and conditionalNPC-specific survival (CNPC-SS)were calcu-
lated. Covariate-adjusted CS estimates were generated using inverse probability
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weighting. A prediction model was established using competing risk models
and was externally validated with an independent, non-metastatic stage I–
IVA NPC cohort undergoing intensity-modulated radiotherapy with or without
chemotherapy (n = 601) at another institution.
Results: The median follow-up of the primary cohort was 67.2 months. The 5-
year COS, CDFS, CLRRFS, CDMFS, and CNPC-SS increased from 86.2%, 78.1%,
89.8%, 87.3%, and 87.6% at diagnosis to 87.3%, 87.7%, 94.4%, 96.0%, and 90.1%,
respectively, for an existing survival time of 3 years since diagnosis. Differences in
CS estimates between prognostic factor subgroups of each endpoint were notice-
able at diagnosis but diminished with time, whereas an ever-increasing dispar-
ity in CS between different age subgroups was observed over time. Notably, the
prognoses of patients that were poor at diagnosis improved greatly as patients
survived longer. For individualized CS predictions, we developed a web-based
model to estimate the conditional risk of local (C-index, 0.656), regional (0.667),
bone (0.742), lung (0.681), and liver (0.711) recurrence, which significantly out-
performed the current staging system (P < 0.001). The performance of this web-
based model was further validated using an external validation cohort (median
follow-up, 61.3 months), with C-indices of 0.672, 0.736, 0.754, 0.663, and 0.721,
respectively.
Conclusions:We characterized the CS of endemic NPC in the largest cohort to
date. Moreover, we established a web-based calculator to predict the CS of site-
specific recurrence, which may help to tailor individualized, risk-based, time-
adapted follow-up strategies.

KEYWORDS
endemic nasopharyngeal carcinoma, conditional survival, big data, web-based, individualized
prediction model, overall survival, disease-free survival, locoregional relapse-free survival, dis-
tant metastasis-free survival, NPC-specific survival

1 BACKGROUND

In clinical practice, clinicians estimate a patient’s survival
at diagnosis and consider it to be static over time [1].
However, this estimation neglects the dynamic nature of
prognosis and might be inaccurate once the patients have
survived for certain periods [1–5]. Therefore, conditional
survival (CS), which represents a dynamically changing
prognosis with time-based on a certain survival period,
could be clinically more meaningful than traditional static
survival estimates. CS denotes the survival probability
given that a patient has already survived for a defined
period of time, and it has been applied in several types
of malignancies [2,4–9]. CS provides more precise prog-
nostic information by considering the patient’s existing
survival time, which could assist patients to make better-
informed decisions concerning their health and treat-
ment and help clinicians make subsequent treatment and
follow-up related medical decisions.

Owing to new treatment modalities, i.e., intensity-
modulated radiotherapy (IMRT) and concurrent chemora-
diotherapy (CCRT), the clinical outcomes of nasopha-
ryngeal carcinoma (NPC) have remarkably improved,
contributing to a longer duration of event-free follow-up
[10,11]. However, a higher risk of treatment failure was
observed within the first 3 posttreatment years, suggesting
nonconstant hazards of treatment failure over time [12].
Therefore, it would be more clinically helpful to estimate
the CS of NPC patients. Our previous research reported
the CS in 7713 NPC patients diagnosed between 1973 and
2007 from the Surveillance, Epidemiology, andEndResults
database [13], whichmainly focused on non-endemic NPC
patients. As endemic and non-endemic NPC have dis-
tinct clinicopathological features, it is crucial to calcu-
late the CS of endemic NPC patients based on large-scale
and long-term follow-up data [10]. Moreover, the historical
populations may not represent the current treatment
modalities in the IMRT era and restrict the evaluation of
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relationships between CS and emerging prognostic factors
such as plasma Epstein-Barr virus (EBV) DNA load.
Based on a large NPC-specific database from our big-

data intelligence platform, we performed a contemporary
evaluation of CS among 10,058 endemic NPC patients with
long-term follow-up treated by radical chemoradiotherapy.
First, we calculated the crude CS estimates of multiple
endpoints. Then, we evaluated how prognostic factors of
each endpoint impactedCS after adjusting for other covari-
ates using inverse probability weighting (IPW). Finally, we
developed and externally validated a user-friendly, web-
based model to predict the conditional risk of site-specific
recurrence. These data could provide dynamic prognos-
tic information to patients and guide individualized risk-
based therapies and time-adapted follow-up strategies.

2 MATERIALS ANDMETHODS

2.1 Data source and study population

We conducted a retrospective cohort study using the NPC-
specific database from the Big-data Intelligence Platform
of Sun Yat-Sen University Cancer Center (Guangzhou,
China). This database is a patient-level research system
enabling real-time organization, integration, and updating
of medical records automatically from several clinical sys-
tems based onwell-designed datamodel and algorithms. It
has been applied to various clinical studies [14–17]. Details
of this platform were as previously described [15].
We retrieved the data of 10,058 patients with non-

metastatic, biopsy-confirmed World Health Organization
(WHO) type II/III NPC diagnosed cases between April
2009 and December 2015 from the NPC-specific database.
All patients received routine pretreatment evaluations and
were restaged according to the Union for International
Cancer Control/American Joint Committee on Cancer
(UICC/AJCC) Eighth edition staging system [18]. Details
on the clinical workup and restaging are presented in the
Supplementary Methods. The institutional ethics commit-
tee approved the study protocol and waived the require-
ment for informed consent given the study’s retrospec-
tive nature. The study’s authenticity has been validated by
uploading the key raw data onto the research data deposit
(RDD) public platform (http://www.researchdata.org.cn,
approval RDD number: RDDA2018000934).

2.2 Treatment

All patients received radical IMRT as primary treat-
ment. During the study period, our institutional treat-
ment guidelines recommended IMRT alone for stage I

patients and platinum-based CCRT ± induction/adjuvant
chemotherapy for stage II-IVA patients, based on the
recommendations of the updated National Comprehen-
sive Cancer Network (NCCN) guideline for head and
neck cancer version 1.2020 [19]. Reasons for deviation
of patient treatment from our institutional treatment
guidelines mentioned above included age, patient’s
refusal of treatment, or organ dysfunction suggestive of
intolerance to treatment. Salvage treatments, including
re-radiation, chemotherapy, and surgery, were pro-
vided during recurrence or persistent disease despite
the above-mentioned treatments. The chemoradio-
therapy protocols are detailed in the Supplementary
Methods.

2.3 Follow-up and outcomes

The patients were regularly followed-up every 3 months
during the first 2 years, every 6 months during the first
3–5 years, and annually thereafter. At each visit, phys-
ical examinations, plasma EBV DNA load, and fiberop-
tic nasopharyngoscopy were routinely performed. MRI of
the nasopharynx and neck, chest radiography, abdominal
sonography, bone scan, or PET/CT were repeated annu-
ally or when clinically suspected recurrence occurred. The
follow-up duration was calculated from the date of diagno-
sis to either date of death or last follow-up. The date of last
follow-up was October 2019.
The primary endpoint was overall survival (OS), defined

as the time from diagnosis to death from any cause. The
secondary endpoints included disease-free survival (DFS),
the time from diagnosis to tumor recurrence at any site
or death from any cause, whichever came first; locore-
gional relapse-free survival (LRRFS), the time to locore-
gional relapse; distantmetastasis-free survival (DMFS), the
time to metastasis; and NPC-specific survival (NPC-SS),
the time to death from NPC. Patients without evidence of
any events of interest were censored at the time of the last
follow-up.

2.4 Statistical analysis

Continuous variables were transformed into categorical
variables. Plasma EBV DNA load was categorized by every
10-fold increase as previously described [20–22]. The cut-
off values for other laboratory variables were determined
using maximally selected rank statistics based on OS, a
widely used method that generates cut-off values with
the most significant log-rank statistics [23–25]. The han-
dling of cut-off values is detailed in the Supplementary
Methods.

http://www.researchdata.org.cn
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2.5 Conditional survival

CS denotes the probability of survival for an additional 𝑦
years given an existing survival time of 𝑥 years, which is
calculated as𝐶𝑆(𝑦|𝑥) = 𝑆(𝑥 + 𝑦)∕𝑆(𝑥). The concept of CS
can extend to multiple endpoints, deriving conditional OS
(COS), conditional DFS (CDFS), conditional LRRFS (CLR-
RFS), conditional DMFS (CDMFS) and conditional NPC-
SS (CNPC-SS) [1,3,26]. For example, the 3-year CDFS at 5
years demonstrates the probability of being disease-free for
an additional 3 years given an existing disease-free time of
5 years.
We evaluated CS estimates for all endpoints mentioned

above. CrudeCS estimateswere assessed using theKaplan-
Meier method. Adjusted 3-year conditional risk (1 minus
CS estimates) stratified by prognostic factors of each end-
point was calculated after adjusting for other covariates
using IPW, an algorithm used to balance covariates with-
out sacrificing sample size and statistical power [27–29];
clinicopathological variables (i.e., tumor [T] stage, node
[N] stage, EBV DNA, age, sex, histology, smoking, alco-
hol consumption, family history of NPC, lactate dehydro-
genase [LDH], albumin [ALB], C-reactive protein [CRP]
and hemoglobin [HGB]) that were statistically significant
in IPW-adjusted log-rank tests (P< 0.050) were considered
to be the prognostic factors of the endpoints. Considering
that the median follow-up time of the primary cohort was
67.2 months, we chose the 3-year conditional risk because
it permitted the estimation of conditional risk given exist-
ing survival times of 0-5 years, which has been widely
used in studies of CS in other malignancies with similar
median follow-up times [26,30–33]. Absolute standardized
difference (ASD) and chi-square tests were employed to
determine the balance of baseline covariates after IPW
adjustment. ASD values less than 0.1 indicated negligible
imbalance [29,34]. Then, patients were categorized in a
competing risk framework according to their first events
(i.e., local relapse [LR], regional relapse [RR], bone metas-
tasis [Bone-M], liver metastasis [Liver-M], lung metas-
tasis [Lung-M], NPC-specific death [NPC-SD] and other
cause-specific death [OC-SD]). The conditional risk of
each competing event was calculated using the cumulative
incidence function.

2.6 Development and validation of
prediction models

To reduce overfitting, our primary cohort was split into a
derivation cohort and an internal validation cohort accord-
ing to the diagnosis time. Models were constructed using
cause-specific hazard models. Variables with P < 0.100 in
univariate analysis were subjected to multivariate analy-

sis to identify independent predictors for the models using
backward selection with the Akaike information criterion.
The proportional hazards assumption was verified based
on the Schoenfeld residuals [35].
The models were validated internally and externally

using the Harrell’s C-index and calibration plots, and they
were compared with the current 8th edition UICC/AJCC
staging system. The bias-corrected C-index was obtained
using 1000 bootstraps resamples in the derivation cohort.
The models were externally validated in an independent
cohort of 601 non-metastatic, biopsy-confirmedWHO type
II/III NPC patients diagnosed between February 2012 and
July 2015 from Wuzhou Red Cross Hospital receiving rad-
ical IMRT with or without chemotherapy to evaluate the
models’ general applicability. The date of last follow-up
was October 2019, and other information related to this
cohort is detailed in the Supplementary Methods.

2.7 Handling of missing data

For the primary cohort of 10,058 patients, including the
derivation cohort and the internal validation cohort, miss-
ing data were considered missing completely at random.
Therefore, the complete-case analysis was performed,
resulting in a complete-case cohort of 9302 patients. The
patient characteristics were well balanced between the
original cohort and the complete-case cohort (Supplemen-
tary Table S1). It is worth noting that the analyses for the
crude CS estimates and the conditional risk of competing
events used the primary cohort of 10,058 patients because
no missing values were observed during these analyses,
while other analyses utilized the complete-case cohort.
For the external validation cohort, we utilized the mul-

tiple imputations by chained equations (MICE) with the
predictive meanmatchingmethod to imputedmissing val-
ues [36–39]. To guarantee the robustness of the validation,
1000 imputations with 30 iterations were carried out to
yield the pooled Harrell’s C-index and calibration plots
based on Rubin’s rules [36,40,41]. All tests were two-sided,
and P< 0.050 was defined as statistically significant. Anal-
yses were performed using the R software, version 3.6.1
(R Foundation for Statistical Computing, Vienna, Aus-
tria). Detailed statistical considerations are presented in
the Supplementary Methods.

3 RESULTS

3.1 Patient characteristics

A total of 10,058 eligible patients were investigated. All
patients received IMRT, and 8839 (87.9%) of the patients
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F IGURE 1 Conditional survival of multiple endpoints in 10,058 endemic patients with non-metastatic nasopharyngeal carcinoma. Tradi-
tional Kaplan-Meier estimates of (A) OS overlaid by COS; (B) DFS overlaid by CDFS; (C) LRRFS overlaid by CLRRFS; and (D) DMFS overlaid
by CDMFS. The conditional survival probabilities were estimated given the existing survival time from 1 to 5 years after diagnosis, denoted by
5 lines with different colors. Traditional Kaplan-Meier estimates of (E) OS overlaid by the 1-, 3- and 5-year COS; (F) DFS overlaid by the 1-, 3-
and 5-year CDFS; (G) LRRFS overlaid by the 1-, 3- and 5-year CLRRFS; and (H) DMFS overlaid by the 1-, 3- and 5-year CDMFS. Conditional
survival probabilities were estimated as a function of existing survival time after diagnosis, denoted by the numbers in the same colors above
the x-axis.
Abbreviations: CDFS, conditional disease-free survival; CDMFS, conditional distantmetastasis-free survival; CLRRFS, conditional locoregional
relapse-free survival; COS, conditional overall survival; DFS, disease-free survival; DMFS, distant metastasis-free survival; LRRFS, locoregional
relapse-free survival; OS, overall survival

received additional chemotherapy (stage I: 0 [0%], stage II:
1414 [79.7%], and stage III–IV: 7425 [96.0%]). The median
follow-up time was 67.2 months (interquartile range, 53.9-
83.0 months). Among them, 1059 (10.5%) patients devel-
oped locoregional relapse, 1306 (13.0%) patients developed
distant metastasis, and 1581 (15.7%) patients died (1365
[13.6%] were NPC-SD). Patient characteristics are pre-
sented in Supplementary Table S2.

3.2 Crude CS estimates of multiple
endpoints

We first investigated how crude CS estimates of COS,
CDFS, CLRRFS, CDMFS, and CNPC-SS changed with
time. The CS probabilities improved with each additional
year of existing survival time for the abovementioned end-
points (Figure 1A–D, Supplementary Figure S1A). Con-
trary to the ever-decreasing traditional survival estimates,
the 1-, 3- and 5-year CS probabilities gradually increased
as a function of the existing survival time (Figure 1E–H,
Supplementary Figure S1B). Specifically, the 5-year COS,
CDFS, CLRRFS, CDMFS and CNPC-SS increased from
86.2%, 78.1%, 89.8%, 87.3%, and 87.6% at diagnosis (i.e., an
existing survival time of 0 year) to 87.3%, 87.7%, 94.4%,

96.0%, and 90.1%, respectively, given an existing survival
time of 3 years since diagnosis (Supplementary Table S3).
In addition, the 3-year CDFS, CLRRFS, and CDMFS
increased considerably in the first 3 years but plateaued
thereafter, indicating that the patients’ prognosis improved
primarily in the first 3 years (Figure 1F–H). In contrast, the
3-year COS and CNPC-SS improved continuously without
plateauing until beyond the fifth year (Figure 1E, Supple-
mentary Figure S1B). Interestingly, the almost overlapping
curves of “COS at 1 year” and “OS” in Figure 1A denoted
that the COS with a 1-year existing survival time barely
improved compared with the baseline survival estimates
at diagnosis. Likewise, CNPC-SS at 1 year also increased
minimally against the baseline estimates (Supplementary
Figure S1A).

3.3 IPW-adjusted conditional risk
stratified by prognostic variables

To further understand how prognostic factors of NPC
influenced conditional risks, we calculated the 3-year con-
ditional risk separately stratified by the prognostic fac-
tors of each endpoint after adjusting for other covariates
using IPW. The IPW algorithm-generated well-balanced
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F IGURE 2 The IPW-adjusted 3-year conditional risk for all-cause of death stratified by (A) T stage, (B) N stage and (C) plasma EBV DNA
load; and disease failure (including all-cause death, LRR, and DM) stratified by (D) T stage, (E) N stage and (F) plasma EBV DNA load in 9,302
endemic patients of the complete-case cohort with non-metastatic nasopharyngeal carcinoma. The bars depict the conditional risk, and the
tables below the graphs represent the value of the conditional risk. Points connected with dashed lines indicate the corresponding traditional
estimates of risk calculated at diagnosis. For example, if a patient with T4 has not experienced recurrence and on follow-up is found to be
disease-free, his/her 3-year conditional risk for having disease failure after 5 years from diagnosis would be 8.3%, while the traditional estimate
of risk for having disease failure after 8 years from diagnosis (5 years + 3 years = 8 years) is approximately 37%. Note that all the risks were
calculated using IPW-adjusted Kaplan-Meier estimates that adjusted for other covariates.
Abbreviations: EBV DNA, Epstein-Barr virus DNA; IPW, inverse probability weighting; N, node; T, tumor

cohorts with comparable baseline covariates between sub-
groups (Supplementary Figure S2), and theASDs of covari-
ates considerably decreased after IPW adjustment, with
values all below or near the thresholds indicating negli-
gible imbalance (Supplementary Table S4). The prognos-
tic factors independently associated with each endpoint in
IPW-adjusted log-rank tests are presented in Supplemen-
tary Table S5. The number at risk of each subgroup is listed
in Supplementary Table S6.
For T stage, N stage, and EBV DNA, the disparities

in the 3-year conditional risk of all-cause of death and
disease failure among each subgroup were notable at
diagnosis, but they gradually tended to level with time
(Figure 2A–F), and the same trend was observed for the
stratified conditional risk of locoregional relapse, distant
metastasis, and NPC-SD (Supplementary Figure S3A–H).
This trend occurred due to the conditional risk for patients

with an initially poorer prognosis (e.g., T4, N3, and EBV
DNA≥ 1000× 103 copies/mL), which decreasedmore sub-
stantially than for patients with an initially better progno-
sis. For instance, the 3-year conditional risk of disease fail-
ure for T4 decreased from 20.1% at diagnosis to 7.1% by the
fifth year of disease-free survival, while those with T1 only
decreased from 7.6% to 6.0% (Figure 2D).
Other prognostic factors for each endpoint (i.e. sex, his-

tology, LDH and HGB for all-cause death, disease failure,
distant metastasis and NPC-SD; smoking for disease fail-
ure and locoregional relapse; and ALB and CRP for all-
cause death) showed similar patterns as mentioned above
(Supplementary Figure S4A–T). However, age demon-
strated enlarged disparities over time in the 3-year condi-
tional risk of all-cause death, disease failure, and NPC-SD
between subgroups (Figure 3A–C). Interestingly, this was
because the conditional risk of recurrence or death for
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F IGURE 3 The IPW-adjusted 3-year conditional risk for (A) all-
cause of death, (B) disease failure (including all-cause death, LRR,
and DM) and (C) NPS-SD stratified by age in 9302 endemic patients
of the complete-case cohortwith non-metastatic nasopharyngeal car-
cinoma. The bars depict the conditional risk, and the tables below the
graphs represent the value of the conditional risk. Points connected
with dashed lines indicate the corresponding traditional estimates of
risk calculated at diagnosis. For example, if a patient with an age of
<45 years has not experienced recurrence and on follow-up is found
to be disease-free, his 3-year conditional risk for having disease fail-
ure after 5 years from diagnosis would be 4.5%, while the traditional

the older group (initially poorer prognosis) reduced less
than that for the younger group (initially better prognosis),
which was opposite to other factors. A possible reason was
that older patients might experience a higher prolonged
risk of recurrence or death due to increased comorbidity
burdens, decreased performance status, and reduced tol-
erance to treatments [17,42–45].

3.4 Establishment of prediction models
for the conditional risk of site-specific
recurrence

To clarify the conditional risk of specific events, the
patients were further categorized according to their first
events in a competing risk framework, and the cumulative
risk of each competing event was estimated (Supplemen-
tary Figure S5). We then assessed how the conditional risk
of each competing event changedwith the existing disease-
free time. The 3-year conditional risk of LR, RR, bone-
M, lung-M, and liver-M decreased along with the exist-
ing disease-free time after diagnosis, and the decrease in
metastases was more remarkable than that in LR or RR
(Figure 4). In contrast, the 3-year conditional risk of NPC-
SD remained nearly constant, while that of OC-SD grad-
ually increased. The 1-year and 5-year conditional risk of
specific events displayed similar trends to thosementioned
above (Supplementary Figure S6A and B). Notably, the 3-
year conditional risk for OC-SD surpassed the risk of bone-
M, lung-M, and liver-M, given a 3-year disease-free time,
while that for OC-SD exceeded the risk of RR and LR at 4-
year and 5-year disease-free times, respectively (Figure 4).
Given that different sites showed unique conditional

risk patterns, we established competing riskmodels for LR,
RR, Bone-M, Lung-M, and Liver-M, respectively. Patient
characteristics of the derivation cohort are listed in Sup-
plementary Table S7. Variables with P < 0.100 in uni-
variate analyses (Supplementary Table S8) were entered
into multivariate analyses to select the independent pre-
dictors. The final prediction models are detailed in Table 1.
To facilitate user-friendly access, the models were then
integrated into a web-based application available at https:
//cr-npc.yiducloud.com.cn, which allows individualized

estimate of risk for having disease failure after 8 years from diagno-
sis (5 years + 3 years = 8 years) is approximately 24%. Note that all
the riskswere calculatedusing IPW-adjustedKaplan-Meier estimates
that adjusted for other covariates.
Abbreviations: DM, distant metastasis; IPW, inverse probabil-
ity weighting; LRR, locoregional relapse; NPS-SD, nasopharyn-
geal carcinoma-specific death; NPS-SS, nasopharyngeal carcinoma-
specific survival

https://cr-npc.yiducloud.com.cn
https://cr-npc.yiducloud.com.cn
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conditional risk estimation of site-specific recurrence by
entering patients’ clinicopathological information and
existing disease-free time.

3.5 Performance of the prediction
models and external validation

In the derivation and internal validation cohorts, the C-
indices for the models to predict LR, RR, Bone-M, Lung-M
and Liver-M were 0.656 and 0.656, 0.667 and 0.676, 0.742
and 0.709, 0.681 and 0.669, and 0.711 and 0.708, respec-

tively, which were all significantly higher than those for
the current staging system (P< 0.001), with respective val-
ues of 0.613 and 0.628, 0.581 and 0.578, 0.634 and 0.637,
0.647 and 0.616, and 0.625 and 0.615 (Table 1). The calibra-
tion plots indicated good agreement between the model-
predicted and observed survival estimates in both cohorts
(Supplementary Figure S7A, B, D, E, G, H, J, K, M, and N).
To investigate the general applicability of the models,

they were further validated externally with an indepen-
dent cohort of 601 NPC patients from Wuzhou Red Cross
Hospital (median follow-up time= 61.3months [interquar-
tile range, 49.9-67.9 months]), with patient characteristics
presented in Supplementary Table S7. Intriguingly, the C-
indices for LR, RR, Bone-M, Lung-M and Liver-M were
0.672, 0.736, 0.754, 0.663, and 0.721, respectively, which sig-
nificantly outperformed the current staging system (P <

0.050), with C-indices of 0.642, 0.673, 0.659, 0.618 and 0.612
(Table 1). The calibration plots also demonstrated good
agreement between the predictions and observations (Sup-
plementary Figure S7C, F, I, L, and O).

4 DISCUSSION

To our knowledge, this is the first study on CS for endemic
NPC patients based on the largest cohort to date of 10,058
patients receiving IMRT with long-term follow-up. We
found that the CS probabilities of endemic NPC patients
improved remarkably with time, especially for those with
an initially poor prognosis. Therefore, CS could provide
more accurate and clinically meaningful prognostic esti-
mates for cancer survivors than traditional survival esti-
mates. Accordingly, we established and externally vali-
dated a web-based calculator to predict the individual-
ized conditional risk of site-specific recurrence for the first
time. Overall, our research provides dynamic prognostic
information for endemic NPC patients and facilitates the
establishment of individualized, risk-based, time-adapted
surveillance strategies.
Previous studies on CS in NPC only investigated COS

and CNPC-SS [9,13]. In this study, we extended the
concept of CS to the CDFS, CLRRFS, and CDMFS, and
revealed distinct patterns compared with those of COS
and CNPC-SS. For COS and CNPC-SS, the CS proba-
bilities improved continuously without plateauing until
after the fifth year, which agreed with the report of Lv
et al. [13] that the probabilities plateaued at 9 years after
diagnosis. However, the probabilities of CDFS, CLRRFS,
and CDMFS increased rapidly in the first 3 years and
plateaued thereafter, indicating that patients outliving
a 3-year disease-free milestone might obtain excellent
long-term survival free from recurrence. This time point
could be considered a potential endpoint in clinical trials
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TABLE 1 Multivariate analysis and performance of the site-specific competing risk models

Competing risk model† Model performance
Variables HR (95% CI) P Cohorts C-index (95% CI) P‡

Local relapse
T stage Competing risk model
T1 1 [Ref] Derivation cohort 0.656 (0.628-0.684)
T2 2.526 (1.517-4.206) < 0.001 Internal validation cohort 0.656 (0.624-0.688)
T3 2.892 (1.833-4.563) < 0.001 External validation cohort 0.672 (0.578-0.766)
T4 6.057 (3.814-9.620) < 0.001 TNM staging system§

LDH, IU/L Derivation cohort 0.613 (0.587-0.639) < 0.001
<210 1 [Ref] Internal validation cohort 0.628 (0.597-0.659) < 0.001
≥210 1.452 (1.153-1.829) 0.002 External validation cohort 0.642 (0.562-0.721) 0.034

ALB, g/L
<42 1 [Ref]
≥42 0.768 (0.603-0.978) 0.032

Regional relapse
Histology, WHO type Competing risk model
II 1 [Ref] Derivation cohort 0.667 (0.635-0.698)
III 0.546 (0.312-0.9533) 0.033 Internal validation cohort 0.676 (0.640-0.711)

N stage External validation cohort 0.736 (0.637-0.836)
N0 1 [Ref] TNM staging system§

N1 2.131 (1.234-3.681) 0.007 Derivation cohort 0.581 (0.550-0.611) < 0.001
N2 3.682 (2.086-6.501) < 0.001 Internal validation cohort 0.578 (0.541-0.616) < 0.001
N3 4.494 (2.465-8.193) < 0.001 External validation cohort 0.673 (0.588-0.758) 0.017

EBV DNA, × 103 copies/mL
<1 1 [Ref]
1 – <10 1.569 (1.120-2.197) 0.009
10 – <100 1.997 (1.454-2.743) < 0.001
100 – <1000 1.612 (1.053-2.468) 0.028
≥1000 3.571 (1.862-6.850) < 0.001

Bone metastasis
Sex Competing risk model
Male 1 [Ref] Derivation cohort 0.742 (0.711-0.772)
Female 0.424 (0.281-0.639) < 0.001 Internal validation cohort 0.709 (0.675-0.743)

N stage External validation cohort 0.754 (0.668-0.839)
N0 1 [Ref] TNM staging system§

N1 1.859 (0.920-3.755) 0.084 Derivation cohort 0.634 (0.602-0.666) < 0.001
N2 3.446 (1.681-7.065) < 0.001 Internal validation cohort 0.637 (0.603-0.671) < 0.001
N3 3.609 (1.700-7.664) < 0.001 External validation cohort 0.659 (0.556-0.761) 0.014

EBV DNA, × 103 copies/mL
<1 1 [Ref]
1 – <10 2.753 (1.765-4.294) < 0.001
10 – <100 2.948 (1.905-4.563) < 0.001
100 – <1000 4.510 (2.804-7.254) < 0.001
≥1000 7.584 (3.780-15.214) < 0.001

LDH, IU/L
<210 1 [Ref]
≥210 1.425 (1.059-1.918) 0.020

(Continues)
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TABLE 1 (Continued)

Competing risk model† Model performance
Variables HR (95% CI) P Cohorts C-index (95% CI) P‡

Liver metastasis
Sex Competing risk model
Male 1 [Ref] Derivation cohort 0.681 (0.645-0.717)
Female 0.626 (0.434-0.902) 0.012 Internal validation cohort 0.669 (0.632-0.705)

T stage External validation cohort 0.663 (0.550-0.775)
T1 1 [Ref] TNM staging system§

T2 1.759 (0.970-3.187) 0.063 Derivation cohort 0.647 (0.614-0.680) < 0.001
T3 1.799 (1.057-3.063) 0.031 Internal validation cohort 0.616 (0.580-0.652) < 0.001
T4 2.115 (1.201-3.723) 0.010 External validation cohort 0.618 (0.516-0.720) 0.040

N stage
N0 1 [Ref]
N1 2.026 (1.005-4.084) 0.048
N2 3.241 (1.571-6.683) 0.002
N3 5.787 (2.773-12.077) < 0.001

EBV DNA, × 103 copies/mL
<1 1 [Ref]
1 – <10 1.337 (0.861-2.077) 0.196
10 – <100 2.542 (1.742-3.709) < 0.001
100 – <1000 2.182 (1.368-3.481) 0.001
≥1000 4.296 (2.206-8.367) < 0.001

HGB, g/L
<125 1 [Ref]
≥125 0.565 (0.373-0.856) 0.007

Lung metastasis
Sex Competing risk model
Male 1 [Ref] Derivation cohort 0.711 (0.675-0.746)
Female 0.596 (0.424-0.839) 0.003 Internal validation cohort 0.708 (0.673-0.742)

T stage External validation cohort 0.721 (0.597-0.845)
T1 1 [Ref] TNM staging system§

T2 1.012 (0.558-1.836) 0.968 Derivation cohort 0.625 (0.591-0.658) < 0.001
T3 1.452 (0.899-2.346) 0.128 Internal validation cohort 0.615 (0.582-0.649) < 0.001
T4 3.222 (1.978-5.247) < 0.001 External validation cohort 0.612 (0.508-0.715) 0.005

N stage
N0 1 [Ref]
N1 1.776 (1.039-3.036) 0.036
N2 2.204 (1.241-3.915) 0.007
N3 2.660 (1.426-4.960) 0.002

EBV DNA, × 103 copies/mL
<1 1 [Ref]
1 – <10 1.366 (0.944-1.976) 0.098
10 – <100 1.565 (1.099-2.230) 0.013
100 – <1000 1.685 (1.083-2.623) 0.021
≥1000 3.441 (1.679-7.052) < 0.001

Boldfaced P-value indicates statistical significance.
Abbreviations: ALB, Albumin; CI, confidence interval; EBV DNA, Epstein-Barr virus DNA; HGB, hemoglobin; HR, hazard ratio; LDH, lactate dehydrogenase; N,
node; Ref, reference; T, tumor.
†Competing risk model was constructed based on the cause-specific hazard model.
‡P-value refers to the comparison of the Harrell’s C-index between the competing risk model and the TNM staging system.
§According to the 8th edition of the AJCC/UICC Staging System.
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because it symbolizes the necessary observation period for
patients to obtain long-term curability [2,9]. Furthermore,
as surveillance protocols are primarily formulated based
on recurrence data, our results suggest that the follow-
up for NPC patients can be significantly less intensive
after a 3-year disease-free interval. Considering that the
surveillance strategies for NPC patients recommended by
the current NCCN guidelines for head and neck cancer
version 1.2020 are hardly justified based on time-adapted
prognostic information [19], the dynamic recurrence
data we provided could serve as valuable evidence in
developing optimal follow-up frequency and duration.
Given the limited data on the relationships between

prognostic factors of multiple endpoints and CS, we sys-
tematically investigated the individual contribution of
these factors to CS. We found that the prognosis for
patients with an initially poorer prognosis improved more
prominently over time, which is consistent with findings
in other malignancies [2–4,26,45]. For NPC patients, par-
ticularly those with advanced disease, understanding their
improvement in prognosis could reduce their fear of recur-
rence and improve their quality of life. Moreover, since the
current NCCN guidelines version 1.2020 still recommends
a uniform follow-up strategy for all NPC patients [19], the
substantial heterogeneity in CS among patients with dif-
ferent clinical characteristics further advocates the ratio-
nale and necessity of instituting individualized follow-up
schemes. Additionally, the follow-up strategies for NPC
were derived from non-nasopharyngeal head and neck
cancer. Given the unique biological behaviors and recur-
rence patterns of NPC, the follow-up strategies should be
customized for NPC patients, and our results contribute
substantial evidence that could be useful to that practice.
To facilitate the utilization of conditional risk in clinical

practice, we established a novel, web-based model to pre-
dict the conditional risk of site-specific recurrence, includ-
ing LR, RR, Bone-M, Lung-M, and Liver-M. This model
features the following key characteristics. First, since the
CS estimates must be interpreted clinically for individual
patients with diverse clinicopathological characteristics,
we simultaneously incorporated the calculation of CS and
the prognostication of significant risk factors. Therefore,
during ongoing surveillance, clinicians can easily update
the real-time prognosis of patients with their unique clini-
copathological profiles carefully weighted, and thus mod-
ify subsequent follow-up strategies. Second, in addition to
the optimization of when to visit, clinicians may also be
concerned about what examinations to perform but usu-
ally lack risk-based references. Hence, we introduced a
predictionmodel that can generate site-specific recurrence
risk. Accordingly, clinicians can select cost-effective diag-
nostic procedures to facilitate diagnostic efficiency while
avoiding unnecessary expenditures for the patients. Third,

considering that a first recurrence may influence the risk
and observation of subsequent events [4,8,46], we imple-
mented the competing risk models that only investigated
the first event, which was better in predicting site-specific
recurrence [46,47]. Last butmost importantly, the excellent
performance observed during the internal and external val-
idation confirmed the reliability and generalizability of our
model to be implemented in clinical practice for endemic
NPC patients. Collectively, our easily accessible model can
help physicians establish personalized, risk-based, time-
adapted surveillance strategies that are updated through-
out the patient’s treatment and surveillance course, includ-
ing when to follow up with patients and what examina-
tions to perform. It can also facilitate patients’ informed
rights and help reduce patient anxiety and economic bur-
den. Additionally, incorporating this model into clinical
trial designs or cost-effective analyses could seem promis-
ing.
Several limitations need to be highlighted. First, the

study’s retrospective nature may have introduced poten-
tial bias. Although the large cohort and IPW adjustment
might reduce bias, prospective studies are still warranted
to confirm this study findings. Second, we did not include
the effect of treatment in our model. Previous studies have
suggested that treatment (e.g., radiotherapy alone versus
chemoradiotherapy) should not be included in prediction
models as a covariate unless the treatment data are derived
from randomized clinical trials; otherwise, it may intro-
duce bias (e.g., multicollinearity), as treatments are highly
dependent on patient clinical characteristics in real-world
clinical practice [17,48–52]. Given this information, we
excluded treatment in our models. Third, the study was
based on endemicNPCpatients inChina. The applicability
of our findings to non-endemic or non-Asian populations
needs further validation.

5 CONCLUSIONS

This study represents the largest cohort to date investi-
gating 10,058 patients to comprehensively characterize the
CS of endemic NPC patients receiving IMRT. The impacts
of well-known prognostic factors on CS were investigated,
and an individualized, web-based, site-specific recurrence
prediction model was established and validated. These
data provide dynamic prognostic information for NPC
patients. Moreover, this information could help clini-
cians formulate individualized, risk-based, time-adapted
surveillance strategies.
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