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OBSERVATIONAL STUDY

Pretreatment Serum Lactate Dehydrogenase and N
Classification Predict Long-Term Survival and Distant
Metastasis in Patients With Nasopharyngeal Carcinoma
Who Have A Positive Family History of Cancer

Wenna Zhang, MD, Yupei Chen, MD, Guanqun Zhou, MD, Xu Liu, MD, Lei Chen, MD,
Linglong Tang, MD, Yanping Mao, MD, Ying Sun, MD, and Jun Ma, MD

Abstract: The purpose of the present study was to evaluate prognostic
factors in patients with nasopharyngeal carcinoma (NPC) from the
endemic area of southern China who have a positive family history
(FH) of cancer.

Retrospective analysis of 600 patients with nondisseminated NPC
and a positive FH was conducted. The prognostic value of different
factors for overall survival (OS), distant metastasis-free survival
(DMES), disease-free survival (DFS), and local relapse-free survival
(LRES) were assessed using Cox regression models.

The 3-year OS, DMFS, DFS, and LRFS rates were 93.8%, 91.3%,
86.3%, and 93.8%, respectively. The FH tumor type was NPC for
226/600 (37.7%) patients and other cancers for 374/600 (62.3%)
patients. The 3-year OS and DMFS rates for patients with an FH of
NPC were 91.2% and 89.8%, respectively. Thirty of 600 (5.0%)
patients had elevated pretreatment serum lactate dehydrogenase
(LDH >245.0IU/L). In multivariate analysis, N classification
(HR 456, 95% CI 2.13-9.74, P <0.0001) and elevated
pretreatment serum LDH (HR 2.87, 95% CI 1.08-7.62, P=0.034)
were independent prognosticators for OS. Female patients (HR 0.42,
95% CI0.19-0.95, P =0.037) and patients with normal pretreatment
serum LDH (HR 2.42, 95% CI 1.02-5.78, P=0.046) had better
DMEFS.
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Elevated pretreatment serum LDH and N classification are inde-
pendent prognostic factors for poorer survival in patients with NPC
who have a positive FH of cancer.

(Medicine 94(37):e1505)

Abbreviations: AJCC/UICC = American Joint Committee on
Cancer/International Union against Cancer, ALB = albumin, CI =
Confidence Interval, DMFS = distant-metastasis-free survival, EBV
= Epstein—Barr virus, FH = family history, HR = hazard radio,
IMRT = intensity-modulated radiotherapy, LDH = serum lactate
dehydrogenase, LRFS = local-regional-failure-free survival, MRI =
magnetic resonance imaging, NCCN = National Comprehensive
Cancer Network, NPC = nasopharyngeal carcinoma, OS = overall
survival, PFS = progression-free survival, PreEBV-DNA =
pretreatment serum EBV DNA concentration, RCT = randomized
controlled clinical trial, SYSUCC = Sun Yat-sen University Cancer
Center, TNM staging = tumor-node-metastasis staging.

INTRODUCTION

asopharyngeal carcinoma (NPC) is especially endemic in

Southern China, where an average of 80 cases per 100,000
occur per year." At our cancer center, Sun Yat-sen University
Cancer Center (SYSUCC), > 2,000 new cases of NPC are treated
every year. Based on the pathological and clinical characteristics
of NPC, radiotherapy or radiotherapy plus chemotherapy are
recommended as the mainstay treatments over surgical resection
according to the National Comprehensive Cancer Network
(NCCN) guidelines, in contrast to other head and neck cancers.”
It has been confirmed that the plasma Epstein—Barr virus (EBV)
DNA concentration,>® and its clearance rate,” cigarette smok-
ing,” and pre-treatment serum lactate dehydrogenase (LDH),'’
are important prognostic factors for overall survival and distant
metastasis in NPC. In 2010, a case-control study by Ren et al''
provided clear evidence that a first-degree family history (FH) of
cancer, including other types of cancer as well as NPC, was
associated with an increased risk of NPC. However, prognostic
analysis has not yet been performed for patients with NPC who
have a positive FH of cancer. Therefore, we performed this study
to identify significant prognostic factors in patients with NPC
who have a positive FH of cancer.

MATERIALS AND METHODS

Patient Selection

This work was reviewed and approved by the Ethics
Committee of SYSUCC. All 624 patients with NPC who had
a positive FH that were treated at SYSUCC between June 2007
and February 2011 were potentially eligible for inclusion in this
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retrospective study. Twenty-four of these cases were excluded
due to insufficient information; 18 of these patients did not
complete the entire radiotherapy protocol and full treatment
information was not available for the other 6. The remaining
600 patients were eventually included on the basis of the follow-
ing inclusion criteria: (1) patients with newly diagnosed, biopsy-
proven nonmetastatic NPC (WHO histological type III pathol-
ogy) in southern China; (2) aged 18 years-old or older; and (3)
who underwent a full workup of pretreatment evaluation includ-
ing patient history, magnetic resonance imaging (MRI) of the
nasopharynx and neck, and a whole-body bone scan, and so on.

Data Collection

Medical records were reviewed to extract data on basic
clinicopathological characteristics including sex, age, EBV infec-
tion status, pretreatment serum LDH, and albumin (ALB) titers
and FH at diagnosis. All patients were restaged according to the
7th edition of the American Joint Committee on Cancer/Inter-
national Union Against Cancer (AJCC/UICC) staging system.'>
A positive FH was classified according to the type of cancer and
the patients were mainly divided into the NPC FH group and non-
NPC FH group. Patients with a positive FH of both NPC and other
cancers were also included in the NPC FH group. Pretreatment
serum LDH and ALB were measured within 30 days of any
therapeutic intervention for all patients. Normal serum LDH
enzyme activity was defined as 109.0 to 245.0IU/L, elevated
LDH as >245.0IU/L. Normal serum ALB was defined as 35.0 to
55.0 g/L; patients with an ALB level >45.3 g/L (the median value
of entire population) were classified as the high ALB group. For
patients that the pretreatment serum EBV DNA concentration
(preEBV-DNA) was available, the commonly applied level of
4,000%'3, Copies/ml was defined as the cut-off value.

All patients were treated with radical radiotherapy using
either intensity-modulated radiotherapy (IMRT) or traditional
RT techniques; 451/600 (75.2%) patients were treated with
IMRT. The type of chemotherapy was also recorded (induc-
tion/concurrent/adjuvant chemotherapy). Overall, 130/600
(21.7%) patients were treated with radical radiotherapy alone
and the remainder received platinum-based chemoradiotherapy,
including various regimens of concurrent chemotherapy (460/
600, 76.7%) in combination with either induction chemotherapy
(234/600, 39.0%) or adjuvant chemotherapy (46/600, 7.7%).

Follow-up

After completion of therapy, patients returned for follow-
up every 3 months during the first 2 years and every 6 months
thereafter or until death. The follow-up duration was calculated
from the date of diagnosis to the day of death or last follow-up.
The median follow-up period was 38.0 months (range 5.4—60.2
months). No patients were lost to follow-up.

The primary end points were overall survival (OS) and
distant metastasis-free survival (DMFS); the secondary end points
were disease-free survival (DFS) and local relapse-free survival
(LRFES). Local or regional relapses were confirmed by biopsy.
Distant metastasis was diagnosed on the basis of clinical symp-
toms, physical examinations combined with imaging methods (ie,
abdominal sonography, CT contrasted scan, bone scans, etc).
Salvage treatments (ie, neck dissection, re-radiotherapy, and
chemotherapy) were provided in cases of relapse or metastasis.

Statistical Methods

Statistical Package for the Social Sciences version 20.0
(SPSS, Chicago, IL) was used for all statistical analyses.
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Survival curves were calculated using the Kaplan—Meier
method and compared using the log-rank test. Multivariate
analysis was performed with the Cox proportional hazards
model to test independent significance while adjusting for
covariates; data is presented as hazard ratios (HRs) and 95%
confidence intervals (Cls). Host factors (ie, sex and age) and
clinical factors (ie, T classification, N classification, and che-
motherapy [yes vs no]) were included as covariates in all tests.
Two-tailed P values < 0.05 were considered significant.

RESULTS

Population Characteristics

In total, 600 patients with NPC who had a positive FH of
cancer were enrolled in this retrospective study. Of these, the
FH tumor type was unknown or undetermined for 15/600
(2.5%) patients. The FH tumor type was NPC for 226/600
(37.7%) patients, and other cancers (eg, liver /lung /rectum
cancer) for 359/600 (59.8%) patients. In total, 30/600 (5.0%)
patients had elevated pretreatment serum LDH (> 245.0 IU/L).
With respect to staging, 158/600 (26.3%) patients were classi-
fied into the early stage group (stage I-II disease according to
the 7th edition of the AJCC/UICC staging system). Though
nearly two-thirds (398/600; 66.3%) of the total population had
T3-T4 disease, 446/600 (74.3%) of patients had NO—1 disease.
The clinicopathological characteristics of the patients are listed
in Table 1.

Univariate and Multivariate Analysis of
Prognostic Factors

For the entire population, the 3-year OS, DMFS, DFS, and
LRFS rates were 93.8%, 91.3%, 86.3%, and 93.8%, respect-
ively.

In univariate analysis (Table 1), clinical stage (P =0.019),
elevated pretreatment serum LDH (P =0.019), high serum ALB
(P=0.037), FH tumor type (P=0.045), and especially N
classification (HR 4.59, 95% CI 2.38-8.85, P < 0.0001) were
all statistically significant with respect to OS. Significant
associations were also observed for sex (P =10.048), N classi-
fication (HR 2.14, 95% CI 1.23-3.72, P =0.007), and elevated
pretreatment serum LDH (HR 2.64, 95% CI 1.13-6.18,
P=0.026) with respect to DMFS. N classification was also
strongly related to DFS (HR 2.24, 95% CI 1.45-3.48,
P <0.0001). No significant prognostic factors were identified
for LRFS.

Furthermore, multivariate analysis was performed to
identify independent prognostic factors for patients with a
positive FH (Table 2). After accounting for other important
prognostic factors (ie, clinical stage and chemotherapy), N
classification (HR 4.56, 95% CI 2.13-9.74, P <0.0001), and
elevated pretreatment serum LDH (HR 2.87, 95% CI 1.08—
7.62, P=0.034) remained an independent prognosticator for
OS. Patients treated with IMRT had better OS than patients
treated with other RT techniques (P=0.028). In terms of
DMEFS, females (P =0.037) and patients with normal pretreat-
ment serum LDH (P =0.046) had a significantly lower risk of
distant metastasis. Patients with NO—1 disease had superior DFS
(HR 2.27, 95% CI 1.34-3.86, P=0.002) than patients with
N2-3 disease. Despite the fact that concurrent chemo-radio-
therapy is the mainstay treatment for locally advanced NPC,
chemotherapy was not a significant prognostic factor for OS in
patients with a positive FH (P =0.118). The FH tumor type was
not a significant prognostic factor for OS, DMFS, DFS, or LRFS
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TABLE 1. Patient Characteristics and Univariate Analysis of Patients with NPC who have a Positive FH of Cancer

oS DMFS DFS LRFS
Factors N (%) HR (95%CI) P value" HR (95%CI) P value" HR (95%CI) P value" HR (95%CI) P value”
Age ()

>45 275 (45.8) 1.27 (0.67,2.42)  0.467 0.87 (0.50, 1.51)  0.629  0.94 (0.61, 1.46) 0.791  1.04 (0.54, 1.98)  0.914

<45 324 (54.0) 1.00 1.00 1.00 1.00
Sex

Male 450 (75.0) 1.00 1.00 1.00 1.00

Female 150 (25.0) 0.45(0.18, 1.16)  0.099  0.45(0.20, 0.99) 0.048 0.76 (0.45, 1.23) 0318  1.25 (0.62,2.53)  0.533
T classification”

1-2 202 (33.7) 1.00 1.00 1.00 1.00

3-4 398 (66.3) 2.19 (0.96, 4.98)  0.062  1.41(0.76,2.60) 0276 1.31(0.81,2.12) 0.274  1.18 (0.59, 2.40)  0.640
N classification”

0-1 446 (74.3) 1.00 1.00 1.00 1.00

2-3 154 (25.7) 4.59(2.38, 8.85) <0.0001 2.14 (1.23,3.72) 0.007  2.24(1.45,3.48) <0.000] 151 (0.76,3.01) 0.238
Clinical stage”

I-11 158 (26.3) 1.00 1.00 1.00 1.00

-1V 442 (73.7) 4.13 (1.27,13.43)  0.019  2.06 (0.97, 436) 0.061  1.64 (0.94,2.88) 0.082  1.12(0.53,2.37) 0.774
LDH (IU/L)°

>2450  30(5.0) 3.10(121,7.96) 0.019 2.64(1.13,6.18) 0.026 1.57 (0.68,3.60) 0.289  0.05 (0.00, 33.30)  0.360

<2450 565 (94.2) 1.00 1.00 1.00
ALB (g/L)°

> 453 294 (49.0) 0.48 (0.24,0.96)  0.037 0.87 (0.50, 1.50)  0.620  0.87 (0.56, 1.35)  0.540  1.05 (0.55,2.01)  0.878

<453 306 (51.0) 1.00 1.00 1.00 1.00
FH tumor type

NPC 226 (37.7) 1.94(1.02,3.70)  0.045 1.34(0.76,2.28) 0323  1.29 (0.84,2.00) 0.247  0.99 (0.51, 1.93)  0.983
Others® 374 (62.3) 1.00 1.00 1.00 1.00
Chemotherapy

RT alone 130 (21.7) 1.00 1.00 1.00 1.00

CRT 470 (78.3) 1.01 (0.46,2.21) 0984 1.79 (0.81,3.97) 0.152 124 (0.71,2.16) 0459  1.17(0.51,2.66) 0.710
RT technique

IMRT 451 (75.2) 1.75(0.73,4.12) 0210  1.00 (0.53, 1.87) 0.989  1.11 (0.66, 1.85) 0.692  1.24 (0.57,2.71)  0.592

Others 149 (24.8) 1.00 1.00 1.00 1.00

ALB = Albumin; CI=Confidence interval; CRT = Chemo-radiation therapy; DFS = Disease-free survival; DMFS = Distant metastasis-free
survival; FH = Family history; HR = Hazard ratio; IMRT = Intensity Modulated Radiation Therapy; LDH = Lactate dehydrogenase; LRFS = Local

Local relapse-free survival; N =Node; NPC = Nasopharyngeal carcinoma; OS = Overall survival; RT = Radiation therapy; T = Tumor.

?There was 1 patient for whom age data was unavailable.

There were 5 patients for whom pretreatment LDH values were unavailable.

“ There were 3 patients for whom pretreatment ALB values.

ilncluding 15 patients whose FH tumor types were unclear and 359 non-NPC FH patients.
Statistically significant P values (< 0.05) are shown in bold and italics.
# According to the 7th American Joint Committee on Cancer/International Union Against Cancer staging system.

(P=0.112, 0.409, 0.320, and 0.984, respectively). As in the
univariate analysis, no significant prognostic factors were
observed for LRFS in multivariate analysis. The Kaplan—Meier
OS and DMFS survival curves for patients with a positive FH
stratified by pretreatment serum LDH are shown in Figure 1; the
Kaplan—Meier OS and DMFS survival curves for patients with
a positive FH stratified by N classification are shown in
Figure 2.

Subgroup Analysis

To further investigate prognostic factors in patients with
NPC who have a positive FH, we conducted subgroup analysis
for OS in terms of FH tumor type (NPC FH group vs non-NPC
FH group), and also calculated the 3-year OS and DMFS rates
for all covariates (Table 3). The 3-year OS and DMFS rates for
patients with NPC who had a positive FH of NPC were 91.2%

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

and 89.8%, respectively; these rates were lower than the 3-year
OS and DMFS rates of the entire population (93.8% and 91.3%)
and the non-NPC FH group (95.5% and 92.2%) although the
differences were not statistically significant. There was a trend
towards poorer OS for patients with an FH of NPC aged > 45
compared to younger patients with an FH of NPC (93.1% vs
94.4%; P =0.055). In patients with an FH of NPC, N classi-
fication and pretreatment serum LDH were significantly associ-
ated with OS (P=0.002 and 0.017, respectively), and N
classification was also significantly associated with OS in
patients with a non-NPC FH (P =0.001).

We also performed subgroup analysis of patients for whom
the preEBV-DNA concentration was available. Of the 445/600
(75.8%) patients in this subgroup, only 22 had an elevated
serum LDH level (> 245.0 IU/L). Survival analysis with respect
to LDH was not possible due to the small sample size and
low number of events. In univariate analysis, a high preEBV-
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TABLE 2. Multivariate Analysis of Patients with NPC who have a Positive FH of Cancer

0OS DMFS DFS LRFS

Factors N (%) HR (95%CI) P value’ HR 95%CI) P value’ HR (95%CI) P value®* HR (95%CI) P value®
Age (y)

> 45 275 (45.8) 1.17 (0.59,2.31) 0.656  0.83 (0.47, 1.47)  0.521  0.96 (0.61, 1.50)  0.842 1.13 (0.58, 2.20) 0.730

<45 324 (54.0) 1.00 1.00 1.00 1.00
Sex

Male 450 (75.0) 1.00 1.00 1.00 1.00

Female 150 (25.0) 0.50 (0.19, 1.30)  0.155 0.43 (0.19,0.96) 0.039  0.77 (0.45, 1.32)  0.342 1.34 (0.65, 2.73) 0.425
T classification®

1-2 202 (33.7) 1.00 1.00 1.00 1.00

3-4 398 (66.3) 2.10 (0.68, 6.45)  0.194  0.94 (0.36,2.50) 0.910 132 (0.59,2.98) 0.502  2.17 (0.46, 10.18)  0.326
N classification®

0-1 446 (74.3) 1.00 1.00 1.00 1.00

2-3 154 (25.7) 4.57 (2.14,9.76) <0.0001 1.75(0.90, 3.41)  0.102  2.32 (1.36, 3.95)  0.002 1.99 (0.88, 4.48) 0.097
Clinical stage®

I-1I 158 (26.3) 1.00 1.00 1.00 1.00

-1v 442 (73.7) 1.25(0.23,6.76) 0.792  1.48 (0.42,5.19) 0.544  0.90 (0.33, 2.50)  0.848 0.44 (0.08, 2.55) 0.364
LDH (IU/L)*

> 245.0 30 (5.0) 291 (1.10,7.75)  0.032  2.44(1.02,5.81) 0.044  1.49 (0.64,3.45) 0.351 NA 0.968

<2450 565 (94.2) 1.00 1.00 1.00 1.00
ALB (g/L)t

> 453 294 (49.0) 0.64 (0.31, 1.34) 0241 0.85(0.48, 1.51) 0.575 0.96 (0.60, 1.51)  0.854 1.25 (0.63, 2.46) 0.521

<453 306 (51.0) 1.00 1.00 1.00 1.00
FH tumor type

NPC 226 (37.7) 1.72 (0.88,3.37) 0.112 1.26 (0.72, 2.21)  0.409 1.25 (0.80, 1.95) 0.320 1.01 (0.52, 1.97) 0.984

Non-NPC 374 (62.3) 1.00 1.00 1.00 1.00
Chemotherapy

RT alone 130 (21.7) 1.00 1.00 1.00 1.00

CRT 470 (78.3) 0.49 (0.20, 1.20) 0.118  1.58 (0.67,3.72)  0.291  1.01 (0.54, 1.86)  0.984 1.05 (0.43, 2.56) 0.910
RT technique

IMRT 451 (75.2) 298 (1.12,7.92) 0.028 1.01 (0.52,1.98) 0.973 1.32(0.76,2.32) 0.324 1.37 (0.60, 3.15) 0.459

Others 149 (24.8) 1.00 1.00 1.00 1.00

ALB = Albumin; CI=Confidence interval; CRT = Chemo-radiation therapy; DFS = Disease-free survival, DMFS = Distant metastasis-free
survival; FH = Family history; HR = Hazard ratio; IMRT = Intensity Modulated Radiation Therapy; LDH = Lactate dehydrogenase; LRFS = Local
Local relapse-free survival; NA =Not available; NPC = Nasopharyngeal carcinoma; OS = Overall survival; RT = Radiation therapy; T = Tumor;

N =Node.

" There were 5 patients for whom pretreatment LDH values were unavailable.
T'There were 3 patients for whom pretreatment ALB values were unavailable.
! Statistically significant P values (< 0.05) are shown in bold and italics.

¥ According to the 7th American Joint Committee on Cancer/International Union Against Cancer staging system.
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DNA was associated with poorer OS, DMFS, and DFS in
NPC (P=0.0075, 0.0005, and 0.0015, respectively; see
Supplementary Figure S1). In multivariate analysis of OS
(see supplementary Table S1, http:/links.lww.com/MD/
A404), N classification and FH tumor type were independent
prognostic factors for overall survival (P =0.011 and 0.034). In
multivariate analysis of DMFS (see supplementary Table S2,
http://links.lww.com/MD/A404), high preEBV-DNA level was
associated with a high risk of distant metastasis (HR 2.524, 95%
CI 1.242-5.127, P=0.010).

DISCUSSION

This is the first analysis of prognostic factors in patients
with NPC who have a positive FH of cancer (n = 600 cases) and
demonstrates that elevated pretreatment serum LDH and N
classification are independent prognosticators for long-term
OS in patients with NPC who have a positive FH, especially
those with an FH of NPC. Additionally, patients who have a
positive FH and elevated pretreatment serum LDH may suffer
higher risk of distant metastasis than patients with normal
pretreatment serum LDH.

Family History and Survival

The etiology of NPC is complicated and is the result of
interactions between FH, environment, EBV, and numerous
other factors. For example, individuals with blood type A or AB
were recently proven to have an increased risk of NPC.'.
Previously, the association between a positive FH of cancer
and survival in NPC had only been explored in a cohort study by
Ouyang et al'> which indicated that patients with a first-degree
FH of NPC may have better OS (HR 0.60, 95% CI 0.37-0.98,
P =0.040) than those without a first-degree FH of NPC. In
contrast, the OS and DFMS rates of the NPC FH and non-NPC
FH groups were not significantly different in this study
(P=0.118 for OS, P=0.424 for DMFS); however, the non-
NPC FH group had a higher 3-year OS rate (95.5% vs 91.2%)
and 3-year DMFS rate (92.2% vs 89.8%). However, in subgroup
analysis of preEBV-DNA, FH tumor type was significantly
associated with overall survival (P =0.034). In this study, we
did not classify the degree of FH, rather stratified in the patients
into the NPC FH and non-NPC FH groups, which may explain
the differences between this study and Ouyang et al'> However,
additional data and analysis of larger populations are required to

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

validate the effect of FH on survival in patients with NPC.
Additionally, considering the relatively poor outcomes of the
NPC FH group, these patients may benefit from more
intensive treatment.

Associations Between Pretreatment Serum LDH
and Survival Outcomes

A relationship between pretreatment serum LDH and NPC
was first reported in 1997'¢, in that pretreatment serum LDH
reflected the clinical responsiveness to chemotherapy and
patients with elevated pretreatment serum LDH suffered poorer
OS (median: 10.0 vs 53.0 months, P=0.008). Zhou et al'®
subsequently confirmed the prognostic value of pretreatment
serum LDH in the IMRT era. Analysis of a recent phase III
randomized controlled clinical trial (RCT)-derived cohort'’
demonstrated that elevated pretreatment serum LDH correlated
with poorer OS, DFS, LRFS, and DMFS in patients with locally
advanced NPC. However, no previous study had investigated
the prognostic value of pretreatment serum LDH in patients
with NPC who have a positive FH. In this study, 5.0% of the
entire cohort of patients with a positive FH had elevated
pretreatment serum LDH (> 245.0IU/L). To assess the prog-
nostic value of pretreatment serum LDH, host covariates (ie,
sex, age, and serum ALB) as well as treatment covariates (ie,
TNM stage, chemotherapy, and RT technique) were included in
multivariate analysis. In both univariate and multivariate
analyses, pretreatment serum LDH had a prognostic value
for OS and DMFS, but not DFS or LRFS. In patients with a
positive FH, those with elevated pretreatment serum LDH had a
2- to 3-fold higher risk of poorer OS survival and DMFS
(P=0.034 and 0.046, respectively) than those with normal
pretreatment serum LDH. However, the results of this analysis
need to be confirmed in a larger cohort.

N Classification and Survival

Sun et al'® demonstrated that the current 7th edition of the
UICC/AJCC N-staging system improved the prognostic
accuracy of N1 disease (5-year OS, 88.1%). In this study, we
divided the entire population of patients with a positive FH in
into 2 N classification groups (NO—1 and N2—3 according to the
7th edition of the UICC/AJCC staging system). The 3-year OS
rate for the NO—1 group was 96.6% compared to 85.7% for the
N2-3 group, and the 3-year DMFS rates were 93.0% and
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TABLE 3. Subgroup Analysis of OS for NPC Patients with a Positive FH of NPC or Other Types of Cancer

OS of NPC FH OS of non-NPC FH
3-year OS 3-year DMFS N of NPC N of non-NPC HR HR

Factors Rate (%) Rate (%) FH' (%) FH'! (%) (95%C1) P value® (95%CI) P value”
Overall 93.8 91.3 226 (100) 359 (100)
FH tumor type

NPC 91.2 89.8

Non-NPC 95.5 922
Age (y)

> 45 93.1 92.0 99 (43.8) 167 (46.5) 2.46 (0.98, 6.17) 0.055 0.69 (0.25, 1.90) 0.475

< 45 94.4 90.7 127 (56.2) 192 (53.5) 1.00 1.00
Sex

Male 92.9 90.0 165 (73.0) 277 (77.2) 1.00 1.00

Female 96.7 95.3 61 (27.0) 82 (22.8) 0.31 (0.07, 1.32) 0.113 0.77 (0.22, 2.69) 0.678
T classification'!

1-2 96.5 93.1 86 (38.1) 112 (31.2) 1.00 1.00

3-4 92.5 90.5 140 (61.9) 247 (68.8) 1.79 (0.65, 4.93) 0.260 3.26 (0.74, 14.32) 0.118
N classification!!

0-1 96.6 93.0 162 (71.7) 273 (76.0) 1.00 1.00

2-3 85.7 86.4 64 (28.3) 86 (24.0) 4.04 (1.65, 9.88) 0.002 5.82 (2.11, 16.00) 0.001
Clinical stage‘I

I-11 98.1 94.9 66 (29.2) 89 (24.8) 1.00 1.00

a-1v 92.3 90.0 160 (70.8) 270 (75.2) 3.67 (0.86, 15.90) 0.080 5.12 (0.68, 38.80) 0.114
LDH (IU/L)

> 245.0 83.3 80.0 15 (6.6) 15 (4.2) 3.81 (1.27, 11.42) 0.017 1.55 (0.20, 11.75) 0.670

< 245.0 94.3 91.9 208 (92.0) 342 (95.3) 1.00 1.00
ALB (g/L)t

> 453 95.9 92.1 109 (48.2) 173 (48.2) 042 (0.16,1.10)  0.079  0.63 (0.23,1.75)  0.379

<453 91.5 90.4 117 (51.8) 186 (51.8) 1.00 1.00
Chemotherapy

RT alone 93.8 94.6 49 (21.7) 74 (20.6) 1.00 1.00

CRT 93.8 90.4 177 (78.3) 285 (79.4) 1.10 (0.37, 3.30) 0.861 1.13 (0.32, 3.98) 0.846
RT technique

IMRT 93.1 91.4 165 (73.0) 278 (77.4) 1.45 (0.48, 4.34) 0.508 2.07 (0.47, 9.12) 0.335

Others 96.0 91.3 61 (27.0) 81 (22.6) 1.00 1.00

ALB = Albumin; FH = Family history; CI= Confidence interval; CRT = Chemo-radiation therapy; DMFS = Distant metastasis-free survival,
HR = Hazard ratio; IMRT = Intensity Modulated Radiation Therapy; LDH = Lactate dehydrogenase; N = Node; NPC = Nasopharyngeal carcinoma;

OS Overall survival; RT = Radiation therapy; T = Tumor.

" There were 5 patients for whom pretreatment LDH values were unavailable.
" There were 3 patients for whom pretreatment ALB values were unavailable.

! There were 15 patients whose FH tumor types were unclear.

¥ Statistically significant P values (< 0.05) are shown in bold and italics.

I According to the 7th American Joint Committee on Cancer/International Union Against Cancer staging system.

86.4%, respectively. In univariate analysis, N classification was
a significant prognostic factor for OS, DMFS, and DFS. After
adjusting for other important covariates, N classification
remained an independent prognostic factor for both OS (HR
4.56, P <0.0001) and DFS (HR 2.27, P=0.002). In subgroup
analysis, patients with NO—1 disease had better OS than patients
with N2-3 disease in both the NPC FH subgroup (HR 4.04,
P =0.002) and non-NPC FH subgroup (HR 5.82, P=0.001).
However, T classification and clinical stage did not demonstrate
such prognostic significance.

Collectively, this study indicates that pretreatment serum
LDH and an FH of cancer may help to enhance risk stratification
in the current TNM staging system. However, there are 3
limitations to this study. First, this was a retrospective analysis
based on only 600 eligible patients. Though we did record
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detailed data, a prospective study would enable a better evalu-
ation of prognostic factors in patients with NPC who have a
positive FH. Additionally, only 30 of the 600 (5%) patients had
elevated pretreatment serum LDH; therefore, these analyses
need to be validated in a larger cohort of patients. Second, we
did not identify patients with a first-degree FH of NPC, as in a
previous study."> Further studies are awaited to clarify the true
relationship between an FH of cancer and survival outcomes in
patients with NPC. Third, and most important, we were unable
to assess complete EBV DNA-associated data in this study, as
qualitative measurement of plasma EBV DNA concentration
was not initiated at SYSUCC until late 2008. The plasma EBV
DNA concentration has been shown to have a strong prognostic
value for OS and distant metastasis in NPC,'” and similarly
to pretreatment serum LDH, may represent a promising
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stratification factor. Despite this, we performed another sub-
group analysis of patients for whom the preEBV-DNA con-
centration was available, which provided similar results. In
addition, various other covariates, including host and treat-
ment-related factors, were assessed to balance potential con-
founding factors in this study.

In summary, this study provides the first detailed analysis
of prognostic factors in patients with NPC who have a positive
FH of cancer. Elevated pretreatment serum LDH and N classi-
fication were independent prognostic factors for long-term OS
in patients with a positive FH, especially those with an FH of
NPC. Additionally, in patients with a positive FH, those with an
elevated pretreatment serum LDH may suffer a higher risk of
distant metastasis.
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