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Percent change in apparent diffusion 
coefficient and plasma EBV DNA after induction 
chemotherapy identifies distinct prognostic 
response phenotypes in advanced 
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Abstract 

Background: To evaluate the prognostic value of the apparent diffusion coefficient (ADC) derived from diffusion‑
weighted magnetic resonance imaging (MRI) and monitor the early treatment response to induction chemotherapy 
(IC) with plasma EBV DNA in locoregionally advanced nasopharyngeal carcinoma (LA‑NPC).

Results: A total of 307 stage III‑IVb NPC patients were prospectively enrolled. All patients underwent MRI examina‑
tions to calculate ADC and plasma EBV DNA measurements pretreatment and post‑IC. The participants’ ADC value of 
92.5% (284/307) increased post‑IC. A higher percent change in ADC value (ΔADC%high group) post‑IC was associated 
with a higher 5‑year OS rate (90.7% vs 74.9%, p < 0.001) than those in the ΔADC%low group. Interestingly, ΔADC% was 
closely related to the response measured by RECIST 1.1 (p < 0.001) and plasma EBV DNA level (p = 0.037). The AUC 
significantly increased when post‑IC plasma EBV DNA was added to ΔADC% to predict treatment failure. Thus, based 
on ΔADC% and plasma EBV DNA, we further divided the participants into three new prognostic response phenotypes 
(early response, intermediate response, and no response) that correlated with disparate risks of death (p = 0.001), 
disease progression (p < 0.001), distant metastasis (p < 0.001), and locoregional relapse (p < 0.001).

Conclusion: The percentage change in ADC post‑IC is indicative of treatment response and clinical outcome. 
ΔADC% and plasma EBV DNA‑based response phenotypes may provide potential utility for early termination of treat‑
ment and allow guiding risk‑adapted therapeutic strategies for LA‑NPC.

Keywords: Nasopharyngeal carcinoma, Apparent diffusion coefficient, EBV DNA, Response phenotypes

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Nasopharyngeal carcinoma (NPC) is a unique epithelial 
carcinoma occurring in the nasopharynx. NPC is distin-
guished from other head and neck cancers with regard 
to its biological behavior, therapeutic strategies, and eti-
ology coexisting with Epstein-Barr virus infection [1, 2]. 
Intensity-modulated radiotherapy (IMRT) is the major 
treatment modality for NPC [3]. For locoregionally 
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advanced NPC (LA-NPC), the curative effects of induc-
tion chemotherapy (IC) followed by concurrent chemo-
therapy (CCRT) have been investigated for the past 
decade [4–6]. An increasing number of clinical trials 
have shown that IC is a relatively safe and effective treat-
ment method for LA-NPC that significantly improves 
clinical outcomes [7, 8]. Benefiting from the development 
of radiation techniques and multimodality therapies, the 
survival rate of NPC has favorably improved. However, 
approximately 20% of individuals still experience distant 
or locoregional relapse [9, 10]. Thus, early detection of 
treatment response would enhance existing therapeutic 
strategies to better optimize outcomes in individuals with 
a high risk of treatment failure post primary treatment.

Currently, magnetic resonance imaging (MRI) is the 
dominating imaging tool for diagnosis, staging, and treat-
ment response evaluation in NPC. Diffusion-weighted 
MRI generates contrast based on the Brownian move-
ment of water molecules restricted by neighboring 
structures [11, 12]. Quantitative analysis of the diffusion-
weighted MRI signal with the apparent diffusion coeffi-
cient (ADC) provides a potential imaging marker related 
to microvascular circulation, membrane integrity, and 
cell density for tumor characterization and response 
assessment [13]. The ADC value has been shown to be 
associated with treatment response and/or outcomes in 
many malignant diseases, including esophageal cancer, 
breast cancer, and colorectal cancer [14–16]. Regarding 
NPC, previous studies demonstrated that ADC increases 
after IC, and pretreatment ADC or posttreatment 
changes in ADC are characteristic of treatment response 
[17–20]. However, the prognostic value and long-term 
survival prediction of posttreatment changes in ADC in 
NPC have not been fully investigated.

Therefore, we conducted a prospective study to inves-
tigate whether the posttreatment changes in ADC after 
IC are independent prognostic markers in LA-NPC and 
explored the clinical significance between the changes in 
ADC and plasma EBV DNA. This study may be condu-
cive to identifying different responders to IC and poten-
tially guide treatment decisions.

Methods
All methods were carried out in accordance with SAMPL 
Guidelines.

Patients
This prospective study was conducted in accordance 
with the principles of the Declaration of Helsinki and 
approved by the Institutional Review Board (IRB) and 
Clinical Research Committee of the study institute. 
Patients were required to provide written informed con-
sent before enrolling in the study. From January 2011 to 

November 2016, we recruited 386 biopsy-confirmed, 
newly diagnosed NPC patients. Inclusion criteria are 
listed as follows: (1) age ≥ 18 years old; (2) stage III-IVb 
disease according to the seventh edition of the Interna-
tional Union Against Cancer/American Joint Commit-
tee on Cancer staging system; (3) score of 0 or 1 on the 
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status grade; (4) underwent IC treatment followed 
by CCRT; (5) complete pretreatment and post-IC plasma 
EBV DNA measurement data; and (6) adequate func-
tion of blood, liver, and kidneys. The exclusion criteria 
for patients is listed as follows: (1) a history of previous 
or synchronous malignant tumors, (2) primary distant 
metastasis, (3) pregnancy or lactation, (4) unsuitability 
for MRI, (5) no post-IC or RT EBV DNA measurement, 
and (6) no post-IC or RT MRI examination and low-qual-
ity ADC map. A total of 307 eligible participants were 
included in the final analysis. The case accrual process 
is summarized in Fig. 1. This study was approved by the 
Clinical Research Committee of the study institute.

Study design
All patients were assessed pretreatment through a com-
plete medical history, physical examination, fiber optic 
nasopharyngoscopy, chest X-rays, abdominal sonogra-
phy, electrocardiography, and bone scan or 18 F-FDG 
positron emission tomography/computed tomography 
scans, hematology, and biochemical profiles. MRI of the 
nasopharynx, neck examination, and plasma EBV DNA 
level measurement using real-time quantitative polymer-
ase chain reactions [21] were conducted before treat-
ment, 1 week after completion of IC, and within 1 week 
after RT. Response was defined radiologically accord-
ing to the Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1 as complete response (CR), partial 
response (PR), stable disease (SD), or disease progression 
(PD) [22]. The response was also evaluated biochemi-
cally through plasma EBV DNA levels as detectable (> 0 
copies/mL) or undetectable (= 0 copies/mL) cases. The 
patients who exhibited CR/PR and undetectable EBV 
DNA post IC were considered to be favorable responders.

MRI technique
MRIs were conducted using a 3-T imaging technique 
(Trio Tim; Siemens, Erlangen, Germany). Information 
on the MRI procedure is detailed in the supplementary 
materials.

The ADC value was calculated using ADC = −ln [SI(b)/
SI(0)]/b, where SI is the measured signal intensity, b is 
the b value, and SI(b) and SI(0) are the signal intensities 
with and without diffusion-sensitizing gradients, respec-
tively. Before treatment and post-IC, the ADC value was 
assessed for both the primary lesions and metastatic 
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lymph nodes on the ADC map at the level of the maxi-
mum tumor diameter to cover most of the lesion, avoid-
ing cystic or necrotic components. Regions of interest 
(ROIs) were defined by selecting areas with high b value 
DWI (b = 1000 s/mm2) and relatively low ADC. Regions 
with high T2 signal, adjacent adipose and fibroglandu-
lar tissue, and biopsy clip artifacts were evaded. Tumor 
ROIs.

were redefined for each treatment time point, refer-
encing lesion location on pretreatment MRI. The longest 
diameter of primary tumor was determined on the same 
largest transverse section in pretreatment MRI and post-
IC MRI to assess therapeutic response to IC.

Percentage changes in the ADC values (ΔADC%) were 
calculated as follows: ΔADC% = (post-IC ADC value 
- pretreatment ADC value)/pretreatment ADC value 
× 100%. Each MRI image was analyzed by the same radi-
ologists, and the final regions of interest (ROIs) were 
checked by another radiologist.

Treatment
Two to three cycles of induction chemotherapy were 
administered to all patients, and the regimens of IC 

included TPF [cisplatin (60–75 mg/m2, day 1) and doc-
etaxel (60–75 mg/m2, day 1) with 5-fluorouracil (600–
750 mg/m2, 96 h of continuous intravenous infusion)] or 
PF [cisplatin (80–100 mg/m2, day 1) with 5-fluorouracil 
(800–1000 mg/m2, 96 h of continuous intravenous infu-
sion)]. Concurrent cisplatin (100 mg/m2 every 3 weeks) 
chemotherapy was conducted every 3 weeks at RT. All 
of the study participants were treated with IMRT, and 
a simultaneously integrated boost was mandatory. The 
design of the IMRT plan and technique are detailed in 
the supplementary materials [23].

Outcome and follow‑up
Overall survival (OS) was the primary study endpoint, 
which was defined as the time of treatment initiation 
until death from any cause or last follow-up. Second-
ary endpoints included progression-free survival (PFS), 
defined as the time of treatment initiation to the date 
of the first failure at any site or death from any cause or 
final follow-up; distant metastasis-free survival (DMFS), 
defined as the time of treatment initiation to the date 
of distant relapse or last follow-up; and locoregional 
relapse-free survival (LRFS), calculated from the time of 

Fig. 1 Flowchart of patients included and excluded in this study
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treatment initiation to locoregional relapse or last follow-
up. After treatment, the patients were assessed at least 
every 3 months for the first 3 years and underwent fol-
low-up examinations every 6 months thereafter or until 
death.

Statistical analysis
Details of the statistical analysis procedure are presented 
in the supplementary materials.

Results
Of the entire cohort of 307 participants, the median pre-
treatment ADC value was 2590 ×  10− 6  mm2s− 1 (range: 
641 ×  10− 6  mm2s− 1 - 4420 ×  10− 6  mm2s− 1) (Fig.  2E). 
After IC, the ADC value of 92.5% (284/307) of the par-
ticipants increased (Fig.  4). The median post-IC ADC 
value was 3317 ×  10− 6  mm2s− 1 (range: 804 ×  10− 6 
 mm2s− 1-5764 ×  10− 6  mm2s− 1) (Fig. 2E), and the median 
percentage change in the ADC value was 26% (range: 
− 12-125%). After a median follow-up of 72 months 
(range: 3–108 months), 16.9% (52/307) of the patients 
died, and 28.9% (89/307) developed disease progression. 
The 5-year OS, PFS, DMFS, and LRFS rates were 86.6, 
73.6, 85.3, and 86.6%, respectively.

Prognostic value of pretreatment ADC and percentage 
change in ADC in LA‑NPC
The patients in this study were divided into two groups 
according to the median pretreatment ADC  (ADClow 

group vs  ADChigh group) and ΔADC% (ΔADC%low group 
vs ΔADC%high group). Patient characteristics in the dif-
ferent groups are shown in Table  1. The Kaplan-Meier 
survival curves of the groups are shown in Fig.  3. For 
the pretreatment ADC, the 5-year PFS (78.0% vs 68.2%, 
p = 0.015; Fig. 3B) rates for the  ADClow group were sig-
nificantly higher than the corresponding rates for the 
 ADChigh group. There were no survival differences in the 
5-year OS (87.8% vs 84.5%, p = 0.241, Fig.  3A), DMFS 
(88.6% vs 82.1%, p  = 0.106, Fig.  3C), or 5-year LRFS 
(89.5% vs 82.7%, p = 0.066, Fig.  3D) rates between the 
two groups. In terms of ΔADC%, significantly lower sur-
vival rates were documented between the ΔADC%low and 
ΔADC%high groups for all endpoints (OS, 74.9% vs 90.7%, 
p < 0.001, Fig. 3E; PFS, 61.1% vs 85.0%, p < 0.001, Fig. 3F; 
DMFS, 74.4% vs 90.5%, p < 0.001, Fig. 3G; LRFS: 80.7% vs 
91.6%, p < 0.001, Fig. 3H).

A multivariate analysis conducted to adjust for con-
founding factors demonstrated that ΔADC% was an 
independent prognostic factor for OS (HR = 0.44, 
95% CI = 0.24–0.82, p  = 0.009), PFS (HR = 0.35, 95% 
CI = 0.22–0.56, p  < 0.001), DMFS (HR = 0.42, 95% 
CI = 0.21–0.81, p  = 0.010), and LRFS (HR = 0.26, 95% 
CI = 0.12–0.55, p  < 0.001) (Table  2). Receiver operating 
characteristic (ROC) curves used to assess the prognos-
tic validity demonstrated that the area under the curve 
(AUC) of ΔADC% was significantly higher than that of 
pretreatment ADC (0.634 vs 0.534, p  = 0.002, Supple-
mentary Fig.  1). Thus, ΔADC% was a better prognostic 

Fig. 2 Waterfall plots and box plots showing the association of the percentage change in ADC post induction chemotherapy (IC) with response 
measured by RECIST 1.1 and plasma EBV DNA levels. (A, D: percentage change in ADC post IC measured by plasma EBV DNA levels post IC; B, G: 
percentage change in ADC post IC measured by response measured by RECIST 1.1 post IC; C, H: percentage change in ADC post IC measured by 
plasma EBV DNA levels post radiotherapy; D, I: percentage change in ADC post IC measured by response measured by RECIST 1.1 post radiotherapy; 
E: The median and range of pretreatment and post IC ADC value)
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Table 1 Baseline characteristics

ΔADC%low Group ΔADC%high Group P Value Early Response 
Group

Intermediate 
Response Group

No Response Group P Value

Characteristic No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%)

Total n = 150 n = 157 n = 111 n = 135 n = 61

Age 0.319 0.683

 Median 45 45 45 45 46

 Range 18–77 18–72 22–70 18–74 23–77

Sex 0.744 0.83

 Female 33 (22.0%) 37 (23.6%) 24 (21.6%) 33 (24.4%) 13 (21.3%)

 Male 117 (783.0%) 120 (76.4%) 87 (78.4%) 102 (75.6%) 48 (78.7%)

T stage 0.873 0.549

 T1 1 (0.7%) 2 (1.3%) 1 (0.9%) 2 (1.5%) 0 (0%)

 T2 14 (9.3%) 18 (11.5%) 13 (11.7%) 15 (11.1%) 4 (6.6%)

 T3 74 (49.3%) 76 (48.4%) 55 (49.5%) 69 (51.1%) 26 (42.6%)

 T4 61 (40.7%) 61 (38.9%) 42 (37.8%) 49 (36.3%) 31 (50.8%)

N stage 0.825 0.314

 N0 10 (6.7%) 7 (4.5%) 7 (6.3%) 7 (5.2%) 3 (4.9%)

 N1 54 (36.0%) 59 (37.6%) 43 (38.70%) 53 (39.3%) 17 (27.9%)

 N2 59 (39.3%) 65 (41.4%) 47 (42.3%) 53 (39.3%) 24 (39.3%)

 N3 27 (18.0%) 26 (16.6%) 14 (12.6%) 22 (16.3%) 17 (27.9%)

Overall stage 0.975 0.037

 III 72 (48.0%) 75 (47.8%) 58 (52.3%) 70 (51.9%) 19 (31.1%)

 IVa 52 (34.7%) 56 (35.7%) 39 (35.1%) 43 (31.9%) 26 (42.6%)

 IVb 26 (17.3%) 26 (16.6%) 14 (12.6%) 22 (16.3%) 16 (26.2%)

Smoking 0.162 0.078

 No 75 (50.0%) 91 (58.0%) 57 (51.4%) 82 (60.7%) 27 (44.3%)

 Yes 75 (50.0%) 66 (42.0%) 54 (48.6%) 53 (39.3%) 34 (55.7%)

Family History 0.978 0.613

 No 132 (88.0%) 138 (87.9%) 95 (85.6%) 120 (88.9%) 55 (90.2%)

 Yes 18 (12.0%) 19 (12.1%) 16 (14.4%) 15 (11.1%) 6 (9.8%)

Pretreatment ADC_all value (×10−6 mm2/s) 0.077 0.018

 Median 2682.5 2492 2478 2683 2769

 Range 723–4420 641–4076 641–4076 723–4416 1333–4420

Post‑IC ADC_all value (×10−6 mm2/s) < 0.001 0.012

 Median 3057.5 3760 3700 3221 3203

 Range 804–4830 965–5764 965–5764 804–5750 1499–4367

Pretreatment EBV DNA level 0.117 < 0.001

  < 4000 copies/ml 64 (42.7%) 81 (51.6%) 68 (61.3%) 64 (47.4%) 13 (21.3%)

  ≥ 4000 copies/ml 86 (57.3%) 76 (48.4%) 43 (38.7%) 71 (52.6%) 48 (78.7%)

Post‑IC EBV DNA level 0.037 < 0.001

  = 0 copies/ml 89 (59.3%) 111 (70.7%) 111 (100%) 89 (65.9%) 0 (0%)

  > 0 copies/ml 61 (40.7%) 46 (29.3%) 0 (0%) 46 (34.1%) 61 (100%)

Post‑RT EBV DNA level 0.093

  = 0 copies/ml 139 (92.7%) 153 (97.5%) 111 (100%) 129 (95.6%) 52 (85.2%) < 0.001

  > 0 copies/ml 11 (36.7%) 4 (2.5%) 0 (0%) 6 (4.4%) 9 (14.8%)

Post‑IC response by RECIST 1.1 < 0.001 < 0.001

 CR/PR 91 (63.3%) 131 (83.4%) 101 (91.0%) 95 (70.4%) 26 (42.6%)

 SD/PD 59 (36.7%) 26 (16.6%) 10 (9.0%) 40 (29.6%) 35 (57.4%)

Post‑RT response by RECIST 1.1 0.001 < 0.001

 CR 109 (72.7%) 137 (87.3%) 101 (91.0%) 108 (80.0%) 37 (60.7%)

 PR 41 (27.3%) 20 (12.7%) 10 (9.0%) 27 (20.0%) 24 (39.3%)

Abbreviations: ADC Apparent diffusion coefficient, ΔADC% Percentage change in ADC value after induction chemotherapy, IC Induction chemotherapy, RT 
Radiotherapy, CR Complete response, PR Partial response, SD Stable diseases, PD Disease progression
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indicator for the clinical outcomes than pretreatment 
ADC.

Association of ΔADC% with response measured by RECIST 
1.1 and plasma EBV DNA levels
The participants in the ΔADC%high group were signifi-
cantly more likely to achieve CR/PR after IC than those in 
the ΔADC%low group (83.4% vs 63.3%, p < 0.001, Table 1, 
Fig. 2B and G). Moreover, a significantly higher propor-
tion of the participants in the ΔADC%low group had 
residual disease after RT than those in the ΔADC%high 
group (72.7% vs 87.3%, p = 0.001, Fig. 2D and I).

The plasma EBV DNA levels of the participants in the 
ΔADC%high group were more likely to decrease to unde-
tectable levels both post-IC (70.7% vs 59.3%, p = 0.037, 
Fig.  2A and F) and post-RT (92.7% vs 97.5%, p = 0.093, 
Fig.  2C and H) compared with the ΔADC%low group. 
The ROC curves also showed that the AUC significantly 
increased when ΔADC% was added to post-IC plasma 
EBV DNA for predicting treatment failure (Supplemen-
tary Fig. 1).

Based on these observations, we defined the patients 
with three different ΔADC% and plasma EBV DNA-
based response phenotypes: early response (ΔADC%high 

Fig. 3 Kaplan‑Meier curves of overall survival (OS), progression‑free survival (PFS), distant metastasis‑free survival (DMFS), and locoregional 
relapse‑free survival (LRFS) of patients with LA‑NPC stratified by pretreatment ADC (OS: A, PFS: B, DMFS: C, LRFS: D), ΔADC% (OS: E, PFS: F, DMFS: G, 
LRFS: H), and the ΔADC% and plasma EBV DNA‑based response phenotypes (OS: I, PFS: J, DMFS: K, LRFS: L)

Fig. 4 Images of a 47‑year‑old man with LA‑NPC showing intermediate response after induction chemotherapy: (A, D, and G) primary lesion 
(arrow) in axial T2‑weighted MRI with (B, E, and H) corresponding axial diffusion‑weighted MRI with b values of 0 and 1000 s/mm2 (C, F, and I), 
apparent diffusion coefficient (ADC) maps pretreatment, and (J‑R) matched sections of the same imaging sequences after induction chemotherapy
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with undetectable EBV DNA post-IC), intermediate 
response (ΔADC%high with detectable EBV DNA or 
ΔADC%low with undetectable EBV DNA post-IC), and no 
response (ΔADC%low with detectable EBV DNA post-IC).

ΔADC% and EBV DNA‑based response phenotypes 
predicted the prognosis of LA‑NPC
Additionally, we evaluated the prognostic association of 
the three response phenotypes with survival outcomes in 
our study. We observed that prognoses were significantly 
different among the groups. In particular, the patients in 
the early response group achieved the most favorable 
survival among all endpoints (5-year OS = 95.6, 86.7, and 
70.1%, respectively, p < 0.001, Fig. 3I; PFS = 90.6, 71.5, and 
42.6%, respectively, p  < 0.001, Fig.  3J; DMFS = 96.0, 84.6, 
and 69.4%, respectively, p < 0.001, Fig. 3K; and LRFS = 95.9, 
86.2, and 64.3%, respectively, p < 0.001, Fig. 3L).

We investigated potential associations between the 
ΔADC% and plasma EBV DNA-based response phe-
notypes and other clinical covariates that may have 
influenced the outcome, including age, sex, T stage, N 
stage, smoking, and family history. The response phe-
notype was an independent prognostic indicator for OS 
(p = 0.001), PFS (p < 0.001), DMFS (p = 0.001), and LRFS 
(p < 0.001) (Table 2).

Discussion
In this study, we demonstrated that the percentage 
change in ADC was a prognostic indicator independent 
of other clinical factors that could predict and identify 
responses to induction chemotherapy. The ADC increase 
in the patients with LA-NPC after induction chemother-
apy appeared to be in line with the effective treatment. 
The patients in the ΔADC%high group were more likely to 
achieve CR/PR and undetectable EBV DNA after IC than 

those in the ΔADC%low group. Combining the ΔADC% 
with plasma EBV DNA after IC resulted in superior prog-
nostic values for clinical outcomes compared to ΔADC% 
alone.

The establishment of therapeutic decisions is primar-
ily based on the TNM stage. However, the TNM stage 
reflects only the anatomical invasion of tumors and lacks 
biological information, as clinical outcomes vary sub-
stantially among patients with the same stage. Diffusion-
weighted MRI signals using ADC enable noninvasive 
assessment of tumor microstructure and the intrinsic 
biological characteristics of tissues and have proven value 
for monitoring response to therapy and predicting prog-
nosis in many malignancies [13–15]. Low ADC values 
have been shown to indicate viable tissue with high cel-
lularity based on the random displacement of water mol-
ecules, with increased ADC posttreatment reflecting 
increased extracellular space [24, 25].

In 2003, a study demonstrated that changes in diffu-
sion parameters 1 week after initiating treatment using 
DW-MRI could detect early tumor response to RT in 
brain malignancies [26]. Later, breast cancer studies also 
reported that the percent change in ADC for assessing 
early tumor response to IC than morphological variables 
[27] and the change in ADC predicted complete patho-
logic response to IC [15]. A recent multicenter study in 
ovarian cancer showed that ADC changes are indicative 
of tumor response. After IC, increased ADC is indica-
tive of improved progression-free survival in relapsed 
disease, suggesting its potential for effective treatment 
management.

Previous studies of NPC found that pretreatment ADC 
was a valuable marker for the prediction of the response 
to IC and local failure [17, 19]. Regarding the change in 
ADC, Chen et  al. showed that a large increase in ADC 

Table 2 Cox proportional hazard analyses of 307 locoregionally advanced nasopharyngeal carcinoma patients

Abbreviations: HR Hazard ratio, CI Confidence interval, OS Overall survival, PFS Progression-free survival, DMFS Distant metastasis-free survival, LRFS Locoregional 
relapse-free survival, ADC Apparent diffusion coefficient, IC Induction chemotherapy, RT Radiotherapy, ΔADC% Percentage change in ADC value after induction 
chemotherapy; Response phenotypes = response phenotypes based on percentage change in ADC and plasma EBV DNA post IC
a Age, sex, T stage, N stage, smoking, family history, pretreatment EBV DNA level and pretreatment ADC value were included in the Cox regression model
b Age, sex, T stage, N stage, smoking, family history, post-IC EBV DNA level and percentage change in ADC post IC were included in the Cox regression model
c Age, sex, T stage, N stage, smoking, family history and response status were included in the Cox regression model

Factors HROS (95%CI) P Value HRPFS (95%CI) P Value HRDMFS (95%CI) P Value HRLRFS (95%CI) P Value

Pretreatment EBV DNA levela 3.21 (1.58–6.53) 0.001 3.11 (1.85–5.23) < 0.001 2.55 (1.21–5.35) 0.013 3.14 (1.51–6.54) 0.002

Post‑IC EBV DNA levelb 2.50 (1.37–4.54) 0.003 2.41 (1.52–3.80) < 0.001 2.42 (1.26–4.65) 0.008 2.25 (1.19–4.26) 0.013

Pretreatment ADC valuea 0.89 (0.47–1.70) 0.727 1.42 (0.86–2.33) 0.170 1.08 (0.54–2.15) 0.838 1.83 (0.89–3.79) 0.103

ΔADC%b 0.44 (0.24–0.82) 0.001 0.35 (0.22–0.56) < 0.001 0.42 (0.21–0.81) 0.01 0.26 (0.12–0.55) < 0.001

Response phenotypesc

 Early response reference 0.001 reference < 0.001 reference 0.001 reference < 0.001

 Intermediate response 5.50 (1.91–15.82) 0.002 4.80 (2.33–9.88) < 0.001 3.96 (1.47–10.66) 0.006 4.93 (1.69–14.41) 0.004

 No response 8.52 (2.90–25.09) < 0.001 8.83 (4.19–18.59) < 0.001 7.03 (2.58–19.19) < 0.001 10.50 (3.51–31.45) < 0.001
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was associated with good treatment response after IC in 
a cohort study of 31 patients with LA-NPC [18]. Zhang 
et al. and Hong et al. also found that percentage increases 
in ADC after IC were higher for responders than for non-
responders [20, 28]. In our study, post-IC percentage 
changes in ADC correlated with response evaluated by 
RECIST 1.1, which was in line with the results of previ-
ous studies. However, the relationship between the per-
centage change in ADC and clinical outcomes was not 
explored. The correlation between post-IC percentage 
changes in ADC and long-term survival outcomes in 
NPC remains unknown. Hence, we further analyzed the 
association of post-IC percentage change in ADC with 
clinical outcomes in a large cohort of patients with NPC 
from the endemic region and demonstrated that post-IC 
percentage change in ADC was an independent prognos-
tic factor for overall survival, progression-free survival, 
distant metastasis-free survival, and locoregional relapse-
free survival. The post-IC percentage change in ADC 
was observed to be closely related to the plasma EBV 
DNA change, a biological marker that has been widely 
used to predict the treatment response and prognosis 
of NPC [29, 30]. Consistent with these observations, we 
further divided the patients in this study into three dif-
ferent response phenotypes: early response, interme-
diate response, and no response. Notably, our results 
confirmed that the aforementioned phenotypic groups 
were associated with disparate risks of death, disease 
progression, and locoregional and distant relapse. Thus, 
prognostic response phenotypes could provide direc-
tions for future clinical trial designs. For patients in the 
early response groups, the treatment intensity could be 
reduced to avoid unnecessary toxicities. Therefore, we 
suggested reducing the radiation dose of RT, by either 
substituting concurrent chemotherapy with EGFR inhibi-
tors or sparing concurrent chemotherapy with RT. Subse-
quently, for patients in intermediate groups, we proposed 
exploring the integration of EGFR inhibitors and immune 
checkpoint inhibitor therapy with CCRT. Finally, the 
combination of a second antitumor drug, such as pacli-
taxel, to enhance the radiosensitivity of CCRT, the 
inclusion of adjuvant chemotherapy, or the addition of 
immunotherapy for patients in the no response group 
can target residual resistant disease.

This study had limitations. First, the participants were 
collected from only a single center, and the results may 
not be easily generalized to other centers as a result of 
interinstitutional differences in MRI techniques. Second, 
no standard method was established to determine the 
ADC value. Thus, the applicability of the results in more 
challenging cohorts remains to be investigated. Pro-
spective multicenter studies are required to validate the 
results of our study.

Conclusion
ADC measurements provide a noninvasive method of 
detecting early microstructural changes that occur in 
response to LA-NPC treatment. When there was resid-
ual measurable disease and plasma EBV DNA, ADC 
changes were greater in responders than in nonrespond-
ers. We identified patients with different radiobiological 
responses with disparate relapse risks among LA-NPC 
treated with IC followed by CCRT. These response phe-
notypes may allow different treatment intensities for 
optimal tumor control. As the initial treatment is impor-
tant for LA-NPC, determining the appropriate treat-
ment is crucial. The capacity to predict response may 
enable early intervention of treatment in nonresponding 
patients, avoid supererogatory toxicity, and allow early 
changes in therapeutic strategy.
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