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Abstract 

Background: Distinguishing patients at a greater risk of recurrence is essential for treating locoregional advanced 
nasopharyngeal carcinoma (NPC). This study aimed to explore the potential of aldo–keto reductase 1C4 (AKR1C4) in 
stratifying patients at high risk of locoregional relapse.

Methods: A total of 179 patients with locoregionally advanced NPC were grouped by different strategies; they were: 
(a) divided into two groups according to AKR1C4 expression level, and (b) classified into three clusters by integrating 
AKR1C4 and Epstein‑Barr virus (EBV) DNA. The Kaplan–Meier method was used to calculate locoregional relapse‑free 
survival (LRFS), overall survival (OS), progression‑free survival (PFS), and distant metastasis‑free survival (DMFS). The 
Cox proportional hazards model was used to determine potential prognostic factors, and a nomogram was generated 
to predict 3‑year and 5‑year LRFS.

Results: A significant difference in the 5‑year LRFS was observed between the high and low AKR1C4 expression 
groups (83.3% vs. 92.7%, respectively; p = 0.009). After integrating AKR1C4 expression and EBV DNA, the LRFS (84.7%, 
84.5%, 96.9%, p = 0.014) of high‑, intermediate‑, and low‑ AKR1C4 and EBV DNA was also significant. Multivariate 
analysis indicated that AKR1C4 expression (p = 0.006) was an independent prognostic factor for LRFS. The prognostic 
factors incorporated into the nomogram were AKR1C4 expression, T stage, and EBV DNA, and the concordance index 
of the nomogram for locoregional relapse was 0.718.

Conclusions: In conclusion, high AKR1C4 expression was associated with a high possibility of relapse in NPC 
patients, and integrating EBV DNA and AKR1C4 can stratify high‑risk patients with locoregional recurrence.
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Background
Nasopharyngeal carcinoma (NPC) is an epithelial-
derived carcinoma with an unbalanced distribution 
worldwide. NPC is most prominent in southeast Asia, 
especially Southern China [1], contributing to more than 
70% of new cases [2]. Intensity modulated radiotherapy 
(IMRT) is the main therapeutic method for non-met-
astatic NPC [3], and concomitant chemoradiotherapy 
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with or without adjuvant or induction chemotherapy 
is primarily recommended for the treatment of locore-
gionally advanced NPC, according to NCCN guidelines 
[4]. Although current regimens for non-metastatic cases 
are considered to be effective due to the relatively opti-
mistic 5-year overall survival rate, recurrence and dis-
tant metastasis, which directly lead to treatment failure, 
remain intractable for oncologists. The mechanisms for 
the development of recurrence and distant metastasis 
of NPC, albeit not fully been illustrated, had progresses 
these decades. For example, it had been found that spin-
dle cells had great importance in predicting invasive/met-
astatic NPC due to its epithelial-mesenchymal transition 
and stem-like features [5, 6]. For patients with recurrent 
NPC, the distant metastasis rate is considerably higher 
than that for patients who are newly treated, and reirra-
diation shows low survival benefit and extensive risk of 
severe late toxicity [7, 8]. Hence, finding more biomark-
ers to recognize and classify patients with high recur-
rence risk before radical treatment enables oncologists to 
design more individualized and precise treatment plans.

Aldo–keto reductase (AKR) 1C4 is a member of the 
AKR superfamily, which consists of 14 families and over 
150 enzymes. AKRs are widely expressed in prokary-
otes and eukaryotes and are essential enzymes for the 
detoxification of aldehydes and ketones. AKR super-
family members can be categorized as aldose reductase, 
acetaldehyde reductase, hydroxysteroid dehydrogenase, 
or dihydrodiol dehydrogenase [9, 10]. Apart from the 
biochemical catalyzing process in cells, these enzymes 
also participate in oncological events such as cell protec-
tion, tumor generation, and cancer diagnosis [11]. For 
instance, AKR1B/1C families facilitate uterine tumors by 
influencing prostaglandin, estrogen, progesterone, and 
retinoid metabolism, stimulating cell proliferation and 
reducing cell differentiation [12]. In mammary and pros-
tate carcinomas, AKR1C3 interacts with the steroid and 
prostaglandin pathways and promotes tumor progression 
[13, 14]. The expression of AKR1C2 also increases both 
non-small cell lung cancer and prostate cancer [15, 16]. 
As an important member of the AKR1C family, AKR1C4 
expression was found to be elevated in colorectal carci-
noma and lung cancer; however, there is no known study 
illustrating the prognostic value of AKR1C4 in NPC 
patients [17, 18]. Thus, we hypothesized that there may 
be a relationship between AKR1C4 and poor prognosis 
in NPC. In the present study, we examined the expression 
of AKR1C4 in newly diagnosed, locally advanced NPC 
patients who received radical irradiation-based therapy 
and sought clinical outcomes through statistical analysis. 
Our aim was to determine the prognosis-predicting effi-
cacy of AKR1C4 and potential to guide individual treat-
ment for NPC patients.

Methods
Ethical statement
This study was reviewed and approved by the Institu-
tional Review Board of the Sun Yat-sen University Can-
cer Center (SYSUCC; Guangzhou, Guangdong, China). 
All research operations on patients were conducted in 
accordance with the Declaration of Helsinki, and written 
informed consent was obtained from all patients before 
the start of the study.

Patients and follow‑up
All tissue specimens for immunohistochemical (IHC) 
examination of AKR1C4 were obtained from 179 newly 
diagnosed NPC patients treated at SYSUCC, Guangzhou, 
China. All samples were collected after the diagnosis of 
NPC and prior to anti-cancer treatment. All patients 
following these criteria were retrospectively enrolled: 
(a) pathologically diagnosed, stage I-IVa  (8th edition of 
the AJCC/UICC staging system); (b) WHO type II-III; 
(c) enrolled between January 2010 and November 2011; 
(d) treated with IMRT alone or concurrent chemora-
diotherapy or induction chemotherapy (PF; cisplatin 
and 5-fluorouracil [5-FU]-based) following concurrent 
(cisplatin-based) chemoradiotherapy; (e) available data 
of quantitative pretreatment EBV DNA load; and (f ) no 
simultaneous severe heart, lung, liver, kidney diseases, or 
other cancers. EBV DNA was examined in the laboratory 
of the Department of Molecular Diagnosis at SYSUCC 
by quantitative real-time PCR as previously described 
[19, 20]. For induction chemotherapy, the regimen was 
PF, which included administration of cisplatin 80 mg/m2 
intravenously (iv.) on day 1, and 5-FU 800 mg/m2 iv. on 
days 1–5 for 2 to 3 cycles every 3 weeks. The regimen for 
concurrent chemoradiotherapy was either 80–100  mg/
m2 cisplatin iv. every 3 weeks. Monthly follow-ups were 
performed for the first 3  months after treatment com-
pletion, every 3 months for the following 3 years, every 
6  months for the next 2  years, and annually thereafter. 
The median duration between follow-ups was 90 months 
(range: 4–119).

Establishment of HONE1‑IR cells and cell culture
HONE1 cells were exposed to 0–10 Gy X-rays (dose rate: 
300  cGy/min) to confirm its sublethal dose. Then, the 
HONE1 cells were irradiated once with sublethal dose, 
and survived cells were cultured to be the first generation 
of subline cells. The subline cells were cultured and irra-
diated again with sublethal dose, and survived cells were 
cultured as the second generation of subline. Above-
mentioned process was repeated for 5 times, generating 
radioresistant cells (HONE1-IR). HONE1, HONE1-IR 
cells and other NPC cell lines (HNE1, 6-10B, S18, S26, 
CNE1, CNE2, 5-8F, and SUNE2) were cultured in RPMI 
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1640 medium (Gibco) with 5% fetal bovine serum (FBS; 
Gibco). The nasopharyngeal epithelial cell line (NP69) 
was grown in keratinocyte serum-free medium supple-
mented with epidermal growth factor (EGF) (Invitrogen). 
All the cell lines were cultured in a humidified 5%  CO2 
incubator at 37  °C. All the cell lines had been authenti-
cated and were generously provided by Prof. Mu-Sheng 
Zeng and Prof. Chao-Nan Qian (Sun Yat-sen University 
Cancer Center, Guangzhou, China).

RNA sequencing of cell lines
HONE1 and HONE1-IR cells were lysed in TRIzol rea-
gent (Invitrogen, Carlsbad, CA, USA), and the RNeasy 
kit (Qiagen, Hilden, Germany) was used to extract total 
RNA. The quality and quantitation of the RNA was 
examined by 2100 Bioanalyzer (Agilent) and NanoDrop 
2000. The RNA-Seq libraries were performed using 
TruSeq® RNA Library Prep Kit v2 (Illumina, San Diego, 
CA, USA). Paired-end sequencing (2 × 150  bp) of the 
libraries was performed in HiSeq 2500 (Illumina). Raw 
reads were filtered to rule out low-quality data prior to 
analysis. Fragments Per Kilobase Per Million Mapped 
Fragments (FPKM) values were calculated to estimate 
the expression level of genes in different cell lines. Differ-
entially expressed genes were deemed as false discovery 
rate ≤ 0.05 and fold change ≥ 2, and were visualized as 
heat map and scatter plot.

Immunohistochemistry
To examine AKR1C4 expression in paraffin-embedded 
tissue samples, specific antibodies (AKR1C4 antibody, 
rabbit, DF9190; Affinity Biosciences, OH, USA; 1:100 
dilution) were used and internally validated by the manu-
facturer. Paraffin sections were baked in oven at 60 °C for 
2 h and were deparaffinized with xylene for 10 min twice 
and were subsequently rehydrated with graded ethanol. 
We then used 3% hydrogen peroxide to eliminate the 
influence of endogenous peroxidase, and 0.01  mmol/L 
citrate buffer (pH 6.0) was used for antigen retrieval in a 
high-pressure cooker. The incubation with primary anti-
bodies was then conducted at 4 °C for 12 h. After being 
washed with PBS for three times, the specimens were 
subsequently incubated with Dako REAL EnVision/
HRP Rabbit/Mouse reagent at a concentration of 1:100 
for 30  min at 37  °C. The antigens were visualized using 
3,3′-Diaminobenzidine substrates and the slides were 
counterstained with hematoxylin. Hydrochloric acid 
alcohol and lithium carbonate were used for the differen-
tiation and bluing of the slices, respectively. An Olympus 
CCD camera, a Nikon Eclipse Ti-S microscope (× 400 
magnification), and NIS-Elements F3.2 software were 
used to record staining results.

Immunoblotting
Cells were collected and lysed in sodium dodecyl sul-
fate (SDS) sample buffer (62.5  mM Tris–HCl [pH 6.8], 
3% SDS, 10% glycerol, 50  mM DL-dithiothreitol, and 
0.1% bromophenol blue) containing protease inhibitors 
(Roche). BCA method (Pierce, Thermo Fisher Scientific, 
Rockford, IL, USA) was performed to determine protein 
concentration. Proteins (20 μg) were separated on sodium 
dodecyl sulfate–polyacrylamide gels and transferred to 
polyvinylidene difluoride membranes. The membranes 
were blocked by 5% bovine serum albumin in TBST (1 M 
Tris–HCl [pH = 7.5], 0.8% NaCl, and 0.1% Tween-20), 
incubated with primary antibody against AKR1C4 (cat 
no. GTX89330, Genetex) at 37 °C for 3 h, and incubated 
with horseradish peroxidase (HRP)-conjugated second-
ary antibody (cat no. #L3042, SAB). Enhanced chemilu-
minescence (Pierce, Rockford, IL, USA) was performed 
to visualize proteins.

Scoring of immunohistochemistry and grouping strategies
AKR1C4 expression was evaluated by combining the 
intensity and positive rates. The staining intensity was 
classified as 0 to 3 (0 = negative; 1 = mild staining; 
2 = moderate staining; 3 = strong staining), and the posi-
tive percentage was scored as follows: 1 point (stained 
cells ≤ 25%), 2 points (25% < stained cells ≤ 50%), and 3 
points (stained cells > 50%). The total score was calcu-
lated by multiplying the intensity and positive percentage 
scores [21, 22]. Two independent pathologists blinded to 
the origin of the samples evaluated the IHC specimens 
and the scoring values were accepted if they reported 
consistent results. The expression status of AKR1C4 was 
divided into two groups based on the median of total 
score: low AKR1C4 expression (≤ 4) and high AKR1C4 
expression (> 4). To examine whether AKR1C4 can 
increase the predictive efficacy of the widely used bio-
marker EBV DNA, we also integrated AKR1C4 expres-
sion and EBV DNA together and assigned patients into 
three clusters: (a) high-AKR1C4 and EBV DNA (AKR1C4 
total score > 4 and EBV DNA level ≥ 4000 copies/ml); (b) 
low-AKR1C4 and EBV DNA (AKR1C4 total score ≤ 4 
and EBV DNA level < 4000 copies/ml); or (c) intermedi-
ate-AKR1C4 and EBV DNA (other circumstances). The 
high and low EBV DNA levels were set to ≥ 4000 copies/
ml and < 4000 copies/ml, respectively, based on previous 
studies that confirmed its strong prognostic value [23, 
24].

Statistical analyses
Comparisons of categorical variables of different 
AKR1C4 expression groups were analyzed using Chi-
square tests or Fisher’s exact tests. The Mann–Whitney 
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U test was used to compare the continuous variables. The 
Kaplan–Meier method and log-rank tests were used to 
analyze and compare the survival rates. Receiver oper-
ating characteristic (ROC) curves were generated and 
area under the curve (AUC) was used to compare the 
predictive efficacy of AKR1C4 level, EBV DNA level, 

and combined-AKR1C4 and EBV DNA level for LRFS. 
Locoregional recurrence-free survival (LRFS), progres-
sion-free survival (PFS), overall survival (OS), and distant 
metastasis-free survival (DMFS) were defined as the time 
interval from the start of treatment to the date of the 
advent of local or regional relapse, disease progression 

Fig. 1 AKR1C4 expression profile. A Heat map demonstrated expression pattern of different genes in HONE1 vs. HONE1‑IR. High or low expression 
was reflected as red or blue indicated in the scale bar, respectively. Herein, locus AK314988 (highlighted by red frame), which was AKR1C4, showed 
a significant higher expression in HONE1‑IR than in HONE1. B In scatter plot, red and blue dots represented upregulation and downregulation of 
gene expression, respectively, and AKR1C4 expression was elevated in HONE1‑IR cell line, which indicated a robust replicability of RNA‑seq samples. 
C Representative images of different intensities of immunohistochemical staining for AKR1C4 in nasopharyngeal carcinoma (NPC) tissues (200 ×): 
Negative staining, weak staining, moderate staining, and strong staining. All micrographs were taken and processed at identical conditions. Scale 
bar: 50 μm. D IHC result of normal nasopharyngeal mucosa stained for AKR1C4, in magnification 40 × (left) and 200 × (right). E Protein levels of 
AKR1C4 in different NPC cell lines (HNE1, 6‑10B, CNE2, S18, S26, CNE1, 5‑8F and SUNE2) and normal nasopharyngeal epithelial cell line NP69 were 
evaluated by western blotting. β‑tubulin was used as internal control
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(death, recurrence, or distant metastasis), death from any 
cause, and observed distant lesion, respectively. Multi-
variate analysis was performed using the Cox propor-
tional hazards model, and the results were calculated as 
hazard ratios (HR) and 95% confidence intervals (CIs). 
Body mass index (BMI), UICC clinical stage, T stage, N 
stage, EBV DNA, smoking history, and AKR1C4 expres-
sion were considered possible prognostic factors in this 
model.

A nomogram was generated based on the results of 
the multivariate analysis to visualize risk prediction. The 
nomogram was established to reflect the risks of locore-
gional relapse at 3 and 5  years. The concordance index 
(C-index) was calculated by comparing the survival prob-
ability of the nomogram predictions and Kaplan–Meier 
estimates to assess the predictive accuracy of the nomo-
gram. As the C-index approaches 1.0, the nomogram-
generated probabilities more closely match the true 
probabilities. Calibration of the nomogram for 5-year 
LRFS was performed using a calibration curve incorpo-
rating the model-predicted and actual observed prob-
abilities. The more the calibration curve overlaps with 
the diagonal, the more accurate the nomogram-predicted 
probabilities are in accordance with the true probabilities.

Statistical analyses were performed using the Statisti-
cal Package for Social Sciences version 25.0 and Graph-
Pad Prism version 8.4.0. The nomogram was formulated 
using the rms package of R, ver. 4.1.1. P-values < 0.05 
were considered to be statistically significant (2-sided).

Results
Patient characteristics and IHC analysis
Among the 179 patients, 141 (79%) were male and 38 
(21%) were female, with a median age of 50 years (range: 
19–79). Five (2.8%) patients were diagnosed as stage I, 22 
(12.3%) as stage II, 80 (44.7%) as stage III, and 72 (40.2%) 
as stage IVa. Most patients were pathologically diagnosed 
as WHO type III (96.6%). All patients were treated with 
IMRT-based radiotherapy and underwent concurrent 
chemoradiotherapy (cisplatin-based), induction chemo-
therapy (cisplatin and 5-FU-based), or radiotherapy 
alone.

Radioresistant NPC cells (HONE1-IR) were estab-
lished through sublethal doses of irradiation, and sig-
nificant elevation of AKR1C4 expression was observed 
in HONE1-IR compared to that in HONE1 by RNA 
sequencing (Fig.  1A, 1B). We confirmed the AKR1C4 
expression status in all 179 patients via IHC. AKR1C4 
was positively expressed in nearly all patients (178/179, 
99.4%) in terms of intensity. Representative images of 
different AKR1C4 expression intensities in NPC tis-
sues are shown in Fig.  1C. IHC was also performed on 

Table 1 Baseline demographic and clinical characteristics

Abbreviations: BMI Body mass index, CRP C-reactive protein, EA Early antigen, 
EBV DNA Epstein-Barr virus deoxyribonucleic acid, VCA Viral capsid antigen, WHO 
World Health Organization
a Boldface letter: significant
b According to the 8th edition of the American Joint Committee on Cancer/
Union for International Cancer Control staging system

Characteristic Low AKR1C4 
expression 
(n = 105)

High AKR1C4 
expression 
(n = 74)

P a

Age 0.970

 Median (Range) 50 (20–79) 49.5(19–78)

Sex 0.914

 Male 83 (79.0%) 58 (78.4%)

 Female 22 (21.0%) 16 (21.6%)

T  stageb 0.175

 1 5 (4.8%) 6 (8.1%)

 2 21 (20.0%) 7 (9.5%)

 3 46 (43.8%) 40 (54.1%)

 4 33 (31.4%) 21 (28.4%)

N  stageb 0.847

 0 24 (22.9%) 16 (21.6%)

 1 32 (30.5%) 23 (31.1%)

 2 32 (30.5%) 26 (35.1%)

 3 17 (16.2%) 9 (12.2%)

Disease  stageb 0.014
 I 1 (1.0%) 4 (5.4%)

 II 18 (17.1%) 4 (5.4%)

 III
 IVa

41 (39.0%)
45 (42.9%)

39 (52.7%)
27 (36.5%)

WHO type
 II
 III

4 (3.8%)
101 (96.2%)

2 (2.7%)
72 (97.3%)

1.000

EBV DNA (copies/mL)
 < 4000
  ≥ 4000

67 (63.8%)
38 (36.2%)

41 (55.4%)
33 (44.6%)

0.258

VCA‑IgA
 < 1:80
 ≥ 1:80

32 (30.5%)
73 (69.5%)

20 (27.0%)
54 (73.0%)

0.617

EA‑IgA 0.509

 < 1:10 42 (40.0%) 26 (35.1%)

 ≥ 1:10 63 (60.0%) 48 (64.9%)

CRP (g/ml) 0.150

 < 3.00 72 (68.6%) 43 (58.1%)

 ≥ 3.00 33 (31.4%) 31 (41.9%)

BMI (kg/m2) 0.228

 < 18.5 11 (10.5%) 4 (5.4%)

 ≥ 18.5 94 (89.5%) 70 (94.6%)

Smoking status 0.972

 Yes 40 (38.1%) 28 (37.8%)

 No 65 (61.9%) 46 (62.2%)
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normal nasopharyngeal mucosa, and the expression of 
AKR1C4 was negative. Meanwhile, different extent of 
expression of AKR1C4 was widely seen in NPC cell lines 
(HNE1, 6-10B, CNE2, S18, S26, CNE1, 5-8F and SUNE2) 
and in nasopharyngeal epithelial cell lines NP69 by west-
ern blotting. (Fig.  1D, 1E) Based on the total AKR1C4 
score, the patients were divided into two groups: 105 
patients (58.7%) had low AKR1C4 expression, and 74 
patients (41.3%) had high AKR1C4 expression. Table  1 
shows the baseline characteristics of the high and low 
AKR1C4 expression groups. The clinical stage was found 
to be significantly different between the two groups, with 
more advanced-stage (III or IVa) patients in the high 
AKR1C4 expression group (89.2% vs. 81.9%, respectively; 
p = 0.014). Other clinicopathological features were not 
significantly different between the two groups.

AKR1C4 expression was an independent prognostic factor 
for LRFS
The median duration between follow-ups was 90 months 
(range: 4–119  months). The Kaplan–Meier method was 
used to compare the survival difference between the high 
and low AKR1C4 expression groups. No significant dif-
ferences were observed between the two groups in OS, 
PFS, and DMFS rates (Fig. 2). However, the high AKR1C4 
expression group was found to have a significantly lower 
5-year LRFS rate than that of the low AKR1C4 expres-
sion group (83.3% vs. 92.7%, HR = 2.957, 95% CI = 1.278–
6.841, p = 0.009) (Fig. 2).

The Cox proportional hazards model was used to 
identify the independent prognostic factors for LRFS, 
OS, PFS, and DMFS (Table  2). High expression of 
AKR1C4 was an independent prognostic factor for 

Fig. 2 Kaplan–Meier curves of survival outcomes for patients between high (> 4) and low (≤ 4) AKR1C4 expression. A Locoregional relapse‑free 
survival. B Overall survival. C Progression‑free survival. D Distant metastasis‑free survival
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LRFS (p = 0.006, HR = 3.670, 95% CI = 1.462–9.215). 
EBV DNA level, T stage, and N stage were significant 
prognostic factors for OS (p = 0.032, 0.030, and 0.002; 
HR = 2.194, 3.477, and 3.548; 95% CI = 1.068–4.508, 
1.127–10.729, and 1.593–7.900, respectively). There 
were four significant prognostic factors affecting PFS, 
which were EBV DNA (p = 0.004, HR = 2.282, 95% 
CI = 1.293–4.030), T stage (p = 0.027, HR = 2.680, 95% 
CI = 1.120–6.408), N stage (p = 0.006, HR = 2.302, 95% 
CI = 1.268–4.180), and smoking history (p = 0.039, 
HR = 1.718, 95% CI = 1.027–2.875). The signifi-
cant prognostic factors for DMFS were EBV DNA 
(p = 0.002, HR = 3.012, 95% CI = 1.478–6.139) and N 
stage (p = 0.002, HR = 3.541, 95% CI = 1.598–7.845).

Integrating AKR1C4 and EBV DNA to stratify patients 
from different risks
We also conducted survival analysis for LRFS, OS, 
PFS, and DMFS, using EBV DNA as a prognostic fac-
tor. The survival curves showed opposite results com-
pared to AKR1C4 (Fig. 3), and the OS, PFS, and DMFS 
rates were significantly lower in the high EBV DNA 
group than those in the low EBV DNA group (p < 0.001), 
whereas LRFS showed no significance. We combined 
EBV DNA and AKR1C4 expression levels as a new vari-
able to stratify patients into three different groups. The 
integrated index showed that the high-AKR1C4 and 
EBV DNA group had worse survival outcomes than the 
intermediate- and low-AKR1C4 and EBV DNA groups, 

Table 2 Multivariable analysis of prognostic factors for nasopharyngeal carcinoma patients (AKR1C4 included)

Abbreviations: BMI Body mass index, CI Confidence interval, DMFS Distant metastasis-free survival, EBV DNA Epstein-Barr virus deoxyribonucleic acid, HR hazard ratio, 
LRFS Locoregional relapse-free survival, OS overall survival, PFS progression-free survival
a Boldface letter: significant

Endpoint Factor HR (95% CI) P a

LRFS
AKR1C4 expression (high vs. low) 3.670 (1.462–9.215) 0.006
T stage (4 vs. 1/2/3) 4.970 (0.600–41.201) 0.137

N stage (2/3 vs. 0/1) 1.157 (0.465–2.878) 0.754

Disease stage (IVa vs. I/II/III) 0.477 (0.057–4.016) 0.496

EBV DNA (≥ 4000 vs. < 4000) copies/ml 1.834 (0.741–4.539) 0.190

BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.411 (0.087–1.942) 0.262

Smoking history (yes vs. no) 2.024 (0.877–4.670) 0.098

OS
AKR1C4 expression (high vs. low) 1.605 (0.803–3.207) 0.181

T stage (4 vs. 1/2/3) 3.477 (1.127–10.729) 0.030
N stage (2/3 vs. 0/1) 3.548 (1.593–7.900) 0.002
Disease stage (IVa vs. I/II/III) 0.744 (0.232–2.386) 0.619

EBV DNA (≥ 4000 vs. < 4000) copies/ml 2.194 (1.068–4.508) 0.032
BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.385 (0.148–1.007) 0.052

Smoking history (yes vs. no) 1.616 (0.832–3.138) 0.157

PFS
AKR1C4 expression (high vs. low) 1.576 (0.918–2.705) 0.099

T stage (4 vs. 1/2/3) 2.680 (1.120–6.408) 0.027
N stage (2/3 vs. 0/1) 2.302 (1.268–4.180) 0.006
Disease stage (IVa vs. I/II/III) 0.918 (0.377–2.234) 0.850

EBV DNA (≥ 4000 vs. < 4000) copies/ml 2.282 (1.293–4.030) 0.004
BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.537 (0.230–1.254) 0.151

Smoking history (yes vs. no) 1.718 (1.027–2.875) 0.039
DMFS

AKR1C4 expression (high vs. low) 1.045 (0.539–2.026) 0.897

T stage (4 vs. 1/2/3) 2.272 (0.915–5.642) 0.077

N stage (2/3 vs. 0/1) 3.541 (1.598–7.845) 0.002
Disease stage (IVa vs. I/II/III) 1.193 (0.462–3.084) 0.715

EBV DNA (≥ 4000 vs. < 4000) copies/ml 3.012 (1.478–6.139) 0.002
BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.458 (0.190–1.105) 0.082

Smoking history (yes vs. no) 1.619 (0.873–3.002) 0.126
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all statistically significant in 5-year LRFS (84.7%, 84.5%, 
96.9%, p = 0.014), OS (65.7%, 87.0%, 90.8%, p = 0.005), 
PFS (57.1%, 69.0%, 85.0%, p < 0.001), and DMFS (62.9%, 
81.8%, 88.0%, p = 0.002) in Kaplan–Meier analysis, indi-
cating a universal prognostic applicability (Fig.  4A-4D). 
Moreover, with regard to OS, PFS, and DMFS, significant 
differences were found between the high-AKR1C4 and 
EBV DNA group and either the intermediate- or low-
AKR1C4 and EBV DNA groups. In contrast, significant 
differences were only observed between the low-AKR1C4 
and EBV DNA group and both intermediate- and high-
AKR1C4 and EBV DNA groups in LRFS, whereas the 
intermediate- vs. high-AKR1C4 and EBV DNA groups 
showed no significant differences. ROC analysis was also 
performed to evaluate the effect of AKR1C4 level, EBV 
DNA level, and the combined level of AKR1C4 and EBV 
DNA on recurrence. The AUC was 0.637, 0.547, and 
0.643, respectively. (Fig. 4E).

Multivariable analysis was also performed (Table  3). 
Similar to previous results, AKR1C4 and EBV DNA 
were the sole significant prognostic factors for LRFS 
(high-AKR1C4 and EBV DNA vs. low-AKR1C4 and 
EBV DNA, p = 0.007, HR = 7.696, 95% CI = 1.736–
33.248; intermediate- vs. low-AKR1C4 and EBV 
DNA, p = 0.011, HR = 5.182, 95% CI = 1.451–18.505). 
For OS, the significant factors were AKR1C4 and 
EBV DNA (high- vs. low-AKR1C4 and EBV DNA, 
p = 0.009, HR = 3.567, 95% CI = 1.380–9.224), T stage 
(p = 0.031, HR = 3.425, 95% CI = 1.121–10.471), N 
stage (p = 0.001, HR = 3.863, 95% CI = 1.717–8.693), 
and BMI (p = 0.045, HR = 0.378, 95% CI = 0.146–
0.979). Significant factors for PFS were AKR1C4 and 
EBV DNA (high vs. low, p = 0.001, HR = 3.601, 95% 
CI = 1.688–7.684; intermediate vs. low, p = 0.016, 
HR = 2.310, 95% CI = 1.172–4.552), T stage (p = 0.031, 
HR = 2.588, 95% CI = 1.091–6.139), and N stage 

Fig. 3 Kaplan–Meier curves of survival outcomes for patients between high EBV DNA level (≥ 4000 copies/ml) and low EBV DNA level (< 4000 
copies/ml) patients. A Locoregional relapse‑free survival. B Overall survival. C Progression‑free survival. D Distant metastasis‑free survival



Page 9 of 14Guo et al. BMC Cancer          (2022) 22:880  

(p = 0.003, HR = 2.520, 95% CI = 1.379–4.603). The 
significant prognostic factors for DMFS were AKR1C4 
and EBV DNA (high vs. low, p = 0.014, HR = 2.993, 95% 
CI = 1.248–7.176), N stage (p = 0.001, HR = 4.009, 95% 
CI = 1.798–8.937), and BMI (p = 0.032, HR = 0.383, 
95% CI = 0.159–0.919).

Developing a nomogram for recurrence using AKR1C4 
expression
In Fig.  5A, we present a nomogram that incorporates 
the AKR1C4 expression level, T stage, and EBV DNA. 
The values for each variable correspond to points on 
the scale axis, ranging from 0 to 100. After summing up 

Fig. 4 Kaplan–Meier curves of survival outcomes for patients between high‑AKR1C4 and EBV DNA, intermediate‑AKR1C4 and EBV DNA, and 
low‑AKR1C4 and EBV DNA patients. Patients with high AKR1C4 (> 4) and high EBV DNA level (≥ 4000 copies/ml) simultaneously were defined as 
high‑AKR1C4 and EBV DNA, low AKR1C4 (≤ 4) and low EBV DNA level (< 4000 copies/ml) were grouped as low‑AKR1C4 and EBV DNA, and the rest 
of the circumstances were considered as intermediate‑AKR1C4 and EBV DNA, which were abbreviated as H‑AKR & EBV, L‑AKR & EBV, and I‑AKR & 
EBV, respectively. A Locoregional relapse‑free survival. B Overall survival. C Progression‑free survival. D Distant metastasis‑free survival. E Receiver 
operating characteristic (ROC) curve of three different models predicting recurrence of NPC patients. Area under the curve (AUC) indicated the 
predictive efficacy, the closer the AUC reaches 1, the higher the efficacy predicting recurrence of the model is. The AUC of survival model consisted 
of AKR1C4 and EBV DNA has higher AUC than model constructed by AKR1C4 or EBV DNA alone
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all points, this total value must be located on the “total 
points” axis. Next, a vertical line should be drawn from 
the “total points” axis to the survival axes, and the prob-
abilities of 3-year recurrence and 5-year recurrence can 
be determined. It can be inferred from the nomogram 
that AKR1C4 affects LRFS the most, followed by T stage, 
EBV DNA, and N stage. The C-index of the nomogram 
was 0.718, indicating that it could be a good model for 
predicting recurrence. The calibration curve showed a 
marked overlap with the diagonal, suggesting a strong 
predictive ability. (Fig. 5B).

Discussion
Traditionally, EBV DNA is regarded as a robust prognos-
tic indicator in NPC patients [2]. However, besides EBV 
DNA, there may be other predictive biomarkers, espe-
cially for specific aspects such as recurrence or distant 
metastasis. Research shows that radioresistance plays 
an essential role in treatment failure, especially in rem-
nant disease and locoregional relapse after radical radio-
therapy [25, 26]. To the best of our knowledge, this is the 
first study to focus on the prognostic value of AKR1C4 in 
NPC using IHC to intuitively visualize AKR1C4 expres-
sion, and this is the first study to integrate AKR1C4 into a 
nomogram that predicts tumor relapse.

AKR1C4 had a wide expression in NPC, both in tissue 
specimens and in NPC cells, and it was barely expressed 
in normal nasopharyngeal mucosa. The reliability of 
AKR1C4 as biomarker associated with NPC has thus 
been proved. Moreover, we found that AKR1C4 was 
expressed more in advanced-stage (III or IVa) patients 
than in early-stage patients, which may be attributed to 
its ability to promote tumorigenesis and progression. In 
our Kaplan–Meier analysis, high expression of AKR1C4 
was not associated with worse OS, PFS, and DMFS, 
but was significantly associated with LRFS. In the low 
AKR1C4 group, recurrence rarely occurred after 5 years, 
but the OS rate continued to decrease, possibly due to 
non-cancer deaths. This difference might have caused 
the insignificant OS rate between the two groups. In the 
multivariate analysis, AKR1C4 expression was also the 
sole significant prognostic factor for LRFS after adjusting 
for factors such as tumor stage, BMI, and smoking his-
tory. In a ten-year analysis of NPC patients treated with 
definitive IMRT, T category and age were prognostic fac-
tors for recurrence [27]. It should be noted that when 
AKR1C4 was added to the survival analysis, the associa-
tion between AKR1C4 and LRFS was prominent enough 
to cover the influence of T stage, suggesting that AKR1C4 
alone was sufficient to discriminate patients with high 
recurrence risk. Apart from traditionally used EBV DNA, 
there are other non-invasive biomarkers that are associ-
ated with poor prognosis of NPC, such as miR-214-3p, 

pretreatment serum lactate dehydrogenase, Ki-67, and 
radiomic features [28–31]. The lack of long-term follow-
up time, ease of being influenced by body conditions 
such as inflammation, and complexity of the algorithm 
and analysis hindered their clinical application. AKR1C4 
and its testing method can overcome the aforementioned 

Table 3 Multivariable analysis of prognostic factors for 
nasopharyngeal carcinoma patients (combination of AKR1C4 
and EBV DNA included)

Abbreviations: BMI Body mass index CI Confidence interval, DMFS Distant 
metastasis-free survival, EBV DNA Epstein-Barr virus deoxyribonucleic acid, HR 
Hazard ratio, LRFS Locoregional relapse-free survival, OS Overall survival, PFS 
Progression-free survival
a Boldface letter: significant

Endpoint Factor HR (95% CI) P a

LRFS
AKR1C4 + EBV DNA

Intermediate risk vs. low 5.182 (1.451–18.505) 0.011
High risk vs. low 7.596 (1.736–33.248) 0.007
T stage (4 vs. 1/2/3) 6.102 (0.740–50.285) 0.093

N stage (2/3 vs. 0/1) 1.245 (0.498–3.114) 0.640

Disease stage (IVa vs. I/II/III) 0.377 (0.046–3.097) 0.364

BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.465 (0.099–2.181) 0.331

Smoking history (yes vs. no) 1.752 (0.746–4.114) 0.198

OS
AKR1C4 + EBV DNA

Intermediate risk vs. low 2.345 (0.985–5.581) 0.054

High risk vs. low 3.567 (1.380–9.224) 0.009
T stage (4 vs. 1/2/3) 3.425 (1.121–10.471) 0.031
N stage (2/3 vs. 0/1) 3.863 (1.717–8.693) 0.001
Disease stage (IVa vs. I/II/III) 0.781 (0.248–2.461) 0.673

BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.378 (0.146–0.979) 0.045
Smoking history (yes vs. no) 1.577 (0.806–3.806) 0.183

PFS
AKR1C4 + EBV DNA

Intermediate risk vs. low 2.310 (1.172–4.552) 0.016
High risk vs. low 3.601 (1.688–7.684) 0.001
T stage (4 vs. 1/2/3) 2.588 (1.091–4.603) 0.031
N stage (2/3 vs. 0/1) 2.520 (1.379–4.603) 0.003
Disease stage (IVa vs. I/II/III) 0.976 (0.407–2.340) 0.956

BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.518 (0.223–1.201) 0.125

Smoking history (yes vs. no) 1.679 (0.996–2.830) 0.052

DMFS
AKR1C4 + EBV DNA

Intermediate risk vs. low 1.835 (0.820–4.106) 0.140

High risk vs. low 2.993 (1.248–7.176) 0.014
T stage (4 vs. 1/2/3) 1.851 (0.752–4.559) 0.181

N stage (2/3 vs. 0/1) 4.009 (1.798–8.937) 0.001
Disease stage (IVa vs. I/II/III) 1.456 (0.569–3.727) 0.433

BMI (≥ 18.5 vs. < 18.5 kg/m2) 0.383 (0.159–0.919) 0.032
Smoking history (yes vs. no) 1.655 (0.886–3.091) 0.114
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drawbacks. Survival analysis revealed strong correla-
tions between EBV DNA and OS, PFS, and DMFS. 
Therefore, AKR1C4 and EBV DNA could possibly have a 
complementary role in predicting prognosis, which was 
not provided by either biomarker alone. The results of 
Kaplan–Meier and multivariable analyses demonstrated 
a significant association between integrated AKR1C4 and 
EBV DNA and all endpoints, suggesting a more favora-
ble ability to distinguish patients from different risks. It 
is worth mentioning that patients with high- or interme-
diate-AKR1C4 and EBV DNA still had local relapse more 
so than low-AKR1C4 and EBV DNA patients, which was 
consistent with results using AKR1C4 only. Therefore, 
integrating AKR1C4 and EBV DNA together improved 
the prognostic value.

To visualize the recurrence probability, we established a 
nomogram based on the results of Cox regression analy-
sis. According to previous publications, there are various 
factors that contribute to NPC recurrence; for instance, 
plasma EBV DNA, T stage, age, gender, and invasion 
extent [32–35]. T stage, especially T4, had a poorer LRFS 
rate than T1–T3 [27]. Ethmoid invasion and gross tumor 
volume were also risk factors for LRFS, reflecting the 
extent of invasion [35]. Thus, T stage was included in the 
nomogram, and its influence on LRFS was second only 
to that of AKR1C4 expression. This nomogram provided 
a visual prediction of local recurrence, and had favorable 
consistency with clinical data based on the C-index and 
calibration curve. It may be convenient for oncologists to 

utilize this nomogram to screen NPC patients with a high 
recurrence risk in clinical practice. Generally, AKR1C4 
has the potential to guide risk stratification and treat-
ment individualization, such as using a more intense reg-
imen in patients with high recurrence risk.

Studies show that radioresistance is a major cause of 
tumor relapse [36]. Our study clarified the relationship 
between AKR1C4 and recurrence in NPC, and also indi-
cated an assosiation between radioresistance and recur-
rence in NPC. The mechanism of radioresistance in NPC 
remains unclear, and studies elucidating how AKR1C4 
promotes radioresistance remain scarce. Some related 
genes, molecules, and signal pathways have been found 
to contribute to radioresistance, such as the STAT1/
IFN, cyclin D1/DNA-PK/AKT/GSK3β, and ATM/Chk2/
p53 pathways, and miRNA-95, CLIC4, and CHK1/2 
[37–42]. Other AKR family members, such as AKR1C3 
[43] enhances radioresistance of prostate cancer cells via 
the MAPK pathway. Xie et  al.[44] revealed the role of 
AKR1C3 in IL-6-mediated radioresistance in NSCLC. 
Xiong et  al.[45] showed that AKR1C3 overexpression 
modulates oxidative stress and increases resistance to 
radiation in esophageal carcinomas. Thus, AKR1C4 may 
share similar mechanism of radioresistance. Despite 
the scarcity of radioresistance-related literature on 
AKR1C4, AKR1C4 was found to be correlated with drug 
resistance through metabolic inactivation by carbonyl 
reduction[46], and that resistance could be reversed 
by mefenamic acid [47]. Drug resistance mediated by 

Fig. 5 Nomogram predicting 3‑year and 5‑year survival in NPC patients. A The nomogram consists of T stage, EBV DNA, and AKR1C4 level. B 
Calibration curve for predicting local recurrence at 5 years. The actual 5‑year LRFS is plotted on the Y‑axis, and the nomogram‑predicted probability 
of local recurrence is plotted on the X‑axis. EBV DNA, Epstein‑Barr virus deoxyribonucleic acid
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AKR1C4 demonstrates that because of the natural enzy-
matic role of AKR, it is likely that AKR1C4 catalyzes 
specific biochemical reactions and regulates tumor 
metabolism and oxidative stress, or uses non-metabolic 
routes such as gene repair and epigenetic modification to 
facilitate radioresistance in NPC. More laboratory studies 
exploring the mechanisms of AKR1C4 and its recurrence 
are warranted, and using AKRs as therapeutic targets 
also has a promising future [48].

Our study had some limitations. The first limitation 
is the retrospective nature of this study. Although the 
baseline characteristics were comparable and the long 
follow-up duration made the results more convincing, 
inevitable selection bias may still exist. Second, this was 
a single center study, and all patients were enrolled in an 
endemic area where most of the pathological types were 
WHO type III. To expand our results to other regions of 
the world, a well-designed, multicenter study is required. 
Third, the nomogram we developed lacked external vali-
dation; therefore, further verification in different patient 
cohorts is urgently required to guarantee its clinical 
applicability.

Conclusions
In conclusion, our study uncovered an association 
between AKR1C4 expression and recurrence in NPC, 
and integrating EBV DNA and AKR1C4 stratified high-
risk patients with locoregional recurrence. A nomogram 
combining AKR1C4 and other factors showed potential 
for predicting recurrence in NPC patients.
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