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ABSTRACT

Objective: To compare the accuracy of magnetic resonance imaging (MRI) staging for
nasopharyngeal carcinoma (NPC) between central and provincial hospitals in Vietnam; to quantify
agreement between institutional reports and expert consensus; and to identify institutional, technical,
and workflow factors associated with staging discrepancy.

Methods: This multicentre retrospective comparative imaging study included 536 MRI
examinations from 536 patients with histologically confirmed NPC treated or evaluated at five
Vietnamese hospitals (three central and two provincial). Institutional MRI reports were compared
with a blinded consensus re-reading by two senior head-and-neck radiologists. Six staging criteria
were assessed: parapharyngeal extension, skull-base or bony invasion, retropharyngeal lymph-node
involvement, suspicious subcentimetric cervical lymph nodes, intracranial extension, and cavernous
sinus involvement. Agreement was quantified with Cohen’s kappa. Case-level logistic regression
was used to identify predictors of any staging discrepancy. Criterion-level associations were explored
separately to avoid unit-of-analysis error.

Results: Central hospitals showed higher point estimates of sensitivity, specificity, and positive
predictive value across all six MRI criteria. The largest inter-tier gaps were observed for suspicious
subcentimetric cervical lymph nodes (sensitivity 79.6% vs. 51.3%) and retropharyngeal lymph-node
detection (83.4% vs. 57.9%). Agreement between institutional reports and expert consensus was
excellent or substantial at central hospitals (overall k=0.83) but only moderate at provincial hospitals
(overall k=0.52). Overall staging discrepancy affected 23.7% of central cases and 75.2% of
provincial cases (p<0.001). A treatment-plan change was recommended after expert review in 5.6%
of central cases and 29.8% of provincial cases. In the case-level model, provincial hospital tier
(adjusted odds ratio [aOR] 3.14), absence of double reading (aOR 2.47), use of 1.5T MRI (aOR
2.03), absence of regular multidisciplinary team meetings (aOR 1.94), and absence of PACS/RIS
(aOR 1.72) were the strongest predictors of discrepancy.
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Conclusions: MRI staging discrepancy in NPC was substantially more frequent at provincial
hospitals, particularly for nodal criteria that require high spatial resolution and subspecialty
experience. Double reading, structured reporting, MDT review, PACS/RIS connectivity, and staged
MRI infrastructure upgrades are the most actionable priorities. These findings identify the staging
criteria most suitable for Al-assisted second-reader tools designed to reduce diagnostic inequality
across hospital tiers.
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I. INTRODUCTION

Accurate staging is central to treatment
selection in nasopharyngeal carcinoma (NPC).
Under the AJCC/UICC 8th edition staging
system, MRI is essential for defining the extent
of the primary tumour and regional nodal
disease, including parapharyngeal extension,
skull-base involvement, intracranial extension,
cavernous sinus invasion, retropharyngeal
lymph nodes, and cervical nodal disease [1-4].
Staging errors can alter radiotherapy target
volumes, dose prescription, and the indication
for systemic therapy [5-7].

Although MRI is the preferred imaging
modality for NPC staging, accuracy depends
on more than the scanner itself. Field strength,
slice thickness, sequence protocol, availability
of  PACS/RIS, structured  reporting,
subspecialty radiology experience, double-
reading practice, and multidisciplinary team
(MDT) review all contribute to the reliability
of staging interpretation [3,4,8,9]. These
enabling conditions are unevenly distributed
across hospital tiers in Vietnam, where central
tertiary hospitals generally have greater access
to 3T MRI, head-and-neck radiologists,
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PACS/RIS infrastructure, and regular MDT
meetings than provincial hospitals.

Existing Vietnamese data have described
broad differences in diagnostic capacity across
hospital levels, but the clinical consequence of
these differences for MRI staging accuracy in
NPC remains insufficiently quantified. In
particular, it is unclear which staging criteria
generate the largest central-provincial
accuracy gaps and which modifiable
institutional factors should be prioritised for
quality improvement or Al-assisted second-
reader development.

This study had three aims: (1) to compare MRI
staging performance for six clinically
important NPC staging criteria between central
and provincial hospitals; (2) to quantify
agreement between institutional radiology
reports and an expert consensus reference; and
(3) to identify case-level institutional,
technical, and workflow determinants of
staging  discrepancy, while examining
criterion-level vulnerabilities separately.

II. METHODS
2.1. Study design and setting


https://tapchitaimuihong.vn/

https://tapchitaimuihong.vn. Volume 71 Insue 79, No 5, November, 2026

This was a multicentre retrospective
comparative imaging study with an embedded
hospital workflow assessment. The study was
conducted at five Vietnamese hospitals: three
central or tertiary facilities (Hanoi Medical
University Hospital, Vietnam National Cancer
Hospital, and Thai Nguyen National Hospital)
and two provincial general hospitals (Thanh
Hoa General Hospital and Quang Tri General
Hospital). Sites were selected to represent
contrasting levels of MRI infrastructure, head-
and-neck imaging expertise, and quality-
assurance practice. Data collection covered
MRI examinations and institutional reports
generated between December 2025 and April
2026. The manuscript was prepared in
accordance with the STROBE reporting
framework for observational studies [10].

2.2. Imaging cohort and eligibility criteria

The imaging cohort included 536 MRI
examinations from 536 patients with
histologically confirmed NPC. Eligible cases
had: (1) pretreatment head-and-neck MRI
acquired at the participating hospital; (2)
histological confirmation of NPC; (3) a locally
produced institutional radiology report, either
structured or narrative; and (4) clinical staging
according to the AJCC/UICC 8th edition TNM
classification. Cases were excluded if MRI
was technically inadequate because of severe
motion artefact, incomplete coverage of the
skull base or lower neck, missing key
sequences, or unavailable institutional reports.

Hospital-tier, MRI field strength, PACS/RIS
availability, double-reading practice, regular
MDT review, and use of structured reporting
templates were treated as institutional or
workflow variables. Physician-level survey
characteristics were not analysed as patient-
level outcomes in this manuscript, thereby

avoiding the mixing of physician and patient
denominators.

2.3. Reference standard and MRI staging
criteria

The reference standard was a blinded
consensus re-reading by two senior head-and-
neck radiologists, each with at least 10 years of
NPC imaging experience. The two readers
independently reviewed the MRI examinations
without access to the original institutional
report. Disagreements were resolved by
consensus discussion.

Six staging criteria were assessed. T-category
criteria included parapharyngeal extension,
skull-base or other bony invasion, intracranial
extension, and cavernous sinus involvement.
N-category criteria included retropharyngeal
lymph-node involvement and suspicious
subcentimetric  cervical lymph  nodes.
Subcentimetric cervical lymph nodes were not
considered positive by size alone; suspicious
features included abnormal shape, central
necrosis, abnormal  signal, clustering,
extracapsular spread suspicion, or location in a
nodal basin typical for NPC spread. This
distinction was introduced to align the analysis
with  practical head-and-neck MRI
interpretation and to avoid classifying all
lymph nodes <10 mm as N-positive.

2.4. Outcomes

The primary outcomes were: (1) sensitivity,
specificity, and positive predictive value
(PPV) for each of the six MRI staging criteria
by hospital tier; (2) agreement between
institutional reports and the expert consensus
reference, quantified by Cohen’s kappa; and
(3) any staging discrepancy, defined as
disagreement between the institutional report
and reference consensus on at least one T- or
N-staging criterion.
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Secondary outcomes included T-stage
discrepancy, N-stage discrepancy, direction of
discrepancy (under-staging vs. over-staging),
and treatment-plan change recommended after
expert review. Treatment-plan change was
defined as any consensus recommendation to
modify radiotherapy target volume, dose,
nodal coverage, or systemic therapy indication
based on the reference re-reading.

2.5. Statistical analysis

Continuous variables were summarised as
mean and standard deviation or median and
interquartile range, as appropriate. Categorical
variables were reported as counts and
percentages. Inter-tier comparisons used the
independent-samples t-test, Mann-Whitney U
test, chi-square test, or Fisher’s exact test,
depending on distribution and cell counts.

Diagnostic performance for each MRI staging
criterion was calculated using the expert
consensus as the reference standard. Cohen’s
kappa was interpreted as follows: <0.20 slight,
0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80
substantial, and >0.80 excellent agreement.
Exact 95% confidence intervals should be
generated from the final TP/FP/FN/TN
matrices before journal submission; the
present working manuscript reports the point
estimates available in the source summary.

To avoid unit-of-analysis error, predictors of
any staging discrepancy were analysed in a
case-level  logistic  regression  model.
Candidate predictors included hospital tier,
MRI field strength, double-reading practice,
MDT review, PACS/RIS availability,
radiologist experience, structured reporting
template use, age, sex, and TNM stage.
Criterion-level vulnerability was examined
separately as an exploratory criterion-level
analysis, ideally using generalized estimating

equations or a mixed-effects logistic model
with clustering by patient and hospital when
raw criterion-level data are available. Two-
sided p<0.05 was considered statistically
significant. Analyses were conducted using
SPSS version 26 (IBM Corp., Armonk, NY,
USA) and should be replicated in the final
statistical package after data-lock.

2.6. Ethics

The study was approved by the Ethics
Committee of Hanoi Medical University
(approval number 294/GCN-KHCN, 24 April
2026). The approval covered retrospective
review and analysis of de-identified imaging,
clinical, and workflow data. Physician
workflow information, where used, was
anonymised and analysed only at institutional
level. Informed consent was waived for
retrospective records and imaging review
under the approved protocol. The study was
conducted in accordance with the Declaration
of Helsinki.

III. RESULTS

3.1. Imaging cohort and hospital workflow
characteristics

The final imaging cohort included 536 MRI
examinations from 536 patients with
histologically confirmed NPC: 375 from
central hospitals and 161 from provincial
hospitals. The mean patient age was 46.9 +
11.8 years and 362 patients (67.5%) were
male. Stage III-IV disease was more frequent
in provincial cases than in central cases (75.2%
vs. 61.6%). Major infrastructure and workflow
differences were also observed: 3T MRI was
available in 74.1% of central cases but only
23.6% of provincial cases; PACS/RIS
availability was 83.2% versus 46.0%; double
reading was practised in 58.1% versus 26.1%;
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and regular MDT meetings were reported in
60.0% versus 19.9%.

Table 1. MRI case and hospital workflow
characteristics

Overa | Centr Provinci
Characterist | 11 al al
ic (n=53 | (n=37 _

6) 5) (n=161)
fya;;e:sl; 9501469 +1473 £ 461 =
L 3D 11.8 11.5 12.4
Male sex, n| 362 256 106
(%) (67.5) |(68.3) |(65.8)
TNM stage I, | 38 31

’ 4.
n (%) (7.1) (8.3) 7&3)
TNM stage | 146 113
I1, n (%) (27.2) |(30.1) 33(205)
TNM stage | 218 148
1, n (%) (40.7) |(39.5) 70(43:5)
TNM stage | 134 83
IV, n (%) (25.0) | (22.1) STELT)
3T MRI, n|316 278
(%) (59.0) | (74.1) 38(23.6)
1.5T MRI, n | 220 97 123
(%) (41.0) | (25.9) |(76.4)
i\iﬁiﬁls n 386 312 74 (46.0)
(%) (72.0) |(83.2)
Double
reading 260 218
practised, n | (48.5) |(58.1) 42(26.1)
(o)
Regular
MDT 257 225
meetings, n | (47.9) |(60.0) 32(19.9)
(%)

Note: Percentages are calculated within the
imaging cohort. This revised table separates
patient/MRI-case variables from physician-
level survey variables and avoids using
physician denominators as patient
denominators. MDT, multidisciplinary team;
MRI, magnetic resonance imaging; NPC,
nasopharyngeal  carcinoma;  PACS/RIS,
picture  archiving and communication
system/radiology information system; SD,
standard deviation; TNM, tumour-node-
metastasis.

3.2. MRI staging accuracy by criterion and
hospital tier

Central hospitals demonstrated higher point
estimates of sensitivity, specificity, and PPV
across all six MRI staging criteria. The largest
accuracy gaps were observed for suspicious
subcentimetric cervical lymph-node
assessment and retropharyngeal lymph-node
detection. Intracranial extension showed the
smallest inter-tier gap, consistent with its more
conspicuous imaging appearance compared
with subtle nodal disease.

Table 2. MRI staging performance by
criterion and hospital tier

PP
MRI | [sn [P |gp |v (PP
. | Ce Ce \%
stagin Pro Pro | Ce
ntr | ntr | Pro
g vine vinc | ntr |
criteri al ial al ial al vine
(% | % | , o, | 1al
on ) (%) ) (%) gA; (%)
Skull-
base /
87. 91. 88.
1.:>ony. 3 64.1 4 78.3 6 71.2
mvasi
on
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PP
MRI | [sn [P sp |v [P
. Ce Ce A
stagin Pro Pro | Ce
ntr | . ntr | . Pro
g vinc vinc | ntr | .
criteri 2l ial 2l ial al vine
% | , % | , o, |ial
on ) (%) ) (%) §/0 (%)
Paraph
arynge
92. 88. 91.
al e 71.8 6 73.5 4 68.9
extensi
on
Retrop
haryng
eal 83. 57.9 86. 694 84. 61.3
4 2 8
lymph
node
Suspic
1ous
cervic
al 7. 51.3 84. 63.8 78. 54.7
6 7 4
node
<10
mm
Intracr
anial 94. 97. 96.
extensi | 8 82.1 3 88.9 1 84.3
on
Caver
nous
sinus 88. 63.7 93. 79.4 89. 65.8
) 2 6 5
nvolv
ement

Note: Reference standard: blinded consensus
re-reading by two senior head-and-neck
radiologists. The source summary provided
point estimates only; final submission should
add TP/FP/FN/TN and Wilson 95%
confidence intervals for each criterion. PPV,

positive predictive value; Sn, sensitivity; Sp,
specificity.

3.3. Agreement between institutional
reports and expert consensus

Agreement between institutional reports and
the expert consensus reference was excellent
or substantial at central hospitals for all
criteria, but only fair to moderate at provincial
hospitals for the most difficult nodal criteria.
Overall kappa was 0.83 at central hospitals and
0.52 at provincial hospitals.

Table 3. Agreement between institutional
reports and expert consensus reference

MRI e OB e
staging | Ce ¢ Prov ¢
criterio | ntr incia . P
Cent Provi
n al 1 .
ral ncial

Skull-
base / 0.8 | Excel Mode <0.
bony 0.51 00
) . 2 lent rate
1nvasio 1
n
Parapha <0
ryngeal | 0.8 | Excel Mode '

) 0.58 00
extensio | 7 lent rate |
n
Retroph <0
aryngea | 0.7 Sul')st 0.44 Mode 00
| lymph | 9 antial rate 1
node
Suspici
ous <0.
cervical 0.7 Sul:.>st 0.38 | Fair |00

4 antial
node 1
<10 mm
0.72 i

nial 1 lent antial | 03
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MRI e R e | e
staging | Ce ¢ Prov ¢
criterio | ntr incia . p

Cent Provi
n al 1 .

ral ncial
extensio
n
Caverno <0
gs sinus | 0.8 | Excel 0.49 Mode 00
involve | 4 lent rate |
ment
Overall

0.8 | Excel Mode <0.

(any | 0. 0.52 00
criterion | 3 lent rate 1
)

Note: Agreement categories: <0.20 slight;
0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80
substantial; >0.80 excellent. Final submission
should include 95% confidence intervals for
each kappa coefficient.

3.4. Staging discrepancy and treatment-
planning implications

Overall staging discrepancy was present in
89/375 central cases (23.7%) and 121/161
provincial cases (75.2%; p<0.001). N-stage
discrepancy was more frequent than T-stage
discrepancy, and under-staging was more
frequent than over-staging. After expert
consensus review, treatment-plan modification
was recommended in 21/375 central cases
(5.6%) and 48/161 provincial cases (29.8%).
Among discrepant cases, the corresponding
proportions were 23.6% and 39.7%,
respectively.

Table 4. Staging discrepancy rates by type,
direction, and clinical consequence

. Centr | Provinc | Over
Discrepa .
e o al, n|ia,b, nj|al,b n|p
YOPE L oa) |[C8) | (%)
T-stage | 48/37 71161 119/5 0.0
discrepan | 5 @4.1) 36 01 )
cy (any) | (12.8) ' (22.2)
T under- ?1/37 54/161 25/53 <0.0
staging (8.3) (33.5) (15.9) 01
T over- ;7/37 17/161 24/53 0.00
staging (4.5) (10.6) 6.3) 4
N-stage | 62/37 151/5
discrepan | 5 ?59 5/ 136)1 36 ;?0
cy (any) | (16.5) ' (28.2)
N under- 24/3 ! 72/161 ;é6/5 <0.0
staging (44.7) 01
(11.7) (21.6)
N over- ;8/37 17/161 25/53 0.00
staging 4.8) (10.6) (6.5) 6
Overall
discrepan 29/37 121/161 §é0/5 <0.0
T 2 1
ey (Torf o3gy 1732|3929
N)
Treatmen |, 37 69/53
t-plan 5 48/161 6 <0.0
change, (29.8) 01
all cases (5:6) (12.9)
Treatmen
t-plan
change 21/89 | 48/121 (6)9/21 0.01
among (23.6) | (39.7) (32.9) 5
discrepan ’
t cases

Note: Discrepancy was  defined as
disagreement between institutional report and
expert consensus on any of the six staging
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criteria. Treatment-plan change was defined as
a recommended modification of radiotherapy
target, dose, nodal coverage, or systemic
therapy indication after expert review.

3.5. Predictors of staging discrepancy

In the case-level multivariable model,
provincial hospital tier was the strongest
independent predictor of any staging
discrepancy, followed by absence of double
reading, use of 1.5T rather than 3T MRI,
absence of regular MDT meetings, and
absence of PACS/RIS. These findings identify
a hierarchy of modifiable system-level targets.
Criterion-level vulnerability was evaluated
separately because criterion-level predictors
are not interchangeable with case-level
predictors.

Table 5. Independent predictors of MRI
staging discrepancy

20 95
Variable % |p Domain
R

Cl
Case-
level 2.18 -
model: 3.1 ] <0.00 | Institution
pr0V1'n01a1 4 450 1 al
hospital
tier
Case-
level
model: 2.4 171 <0.00

- Workflow
absence 7 357 1
of double )
reading
Case-
level 1.42
model: §'0 - TO'OO Technical
1.5T MRI 2.90
vs. 3T

Variable

a0

95
%
Cl

Domain

Case-
level
model:
absence
of regular
MDT
meetings

1.35

2.79

<0.00

Institution
al

Case-
level
model:
absence
of
PACS/RI
S

1.18

2.51

0.005

Technical

Case-
level
model:
radiologis
t
experienc
e <§ years

1.08

2.31

0.019

Workforc
e

Case-
level
model: no
structured
reporting
template

1.04

2.19

0.030

Workflow

Explorato
ry
criterion-
level: N-
staging
criterion
VS. T-
staging

1.41

2.49

<0.00

Criterion
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a0 -
Variable % |p Domain
R
Cl
Explorato
ry
criterion- 73 1.62 <0.00 o
level: : - | Criterion
small- 3.29
node
criterion

Note: The revised table separates case-level
and criterion-level estimates to avoid unit-of-
analysis error. The final criterion-level model
should be run on the 536 X 6 criterion dataset
using generalized estimating equations or a
mixed-effects logistic model with clustering
by patient and hospital. aOR, adjusted odds
ratio; CI, confidence interval, MDT,
multidisciplinary team; MRI, magnetic
resonance 1imaging; PACS/RIS, picture

archiving and communication
system/radiology information system.
IV. DISCUSSION

This multicentre comparative imaging study
shows that MRI staging discrepancy in NPC is
substantially more frequent at provincial
hospitals than at central hospitals in Vietnam.
The central-provincial gap was most
pronounced for nodal staging criteria,
particularly  retropharyngeal lymph-node
assessment and suspicious subcentimetric
cervical lymph nodes. These criteria require
high spatial resolution, consistent imaging
protocols, and head-and-neck subspecialty
experience, explaining why they are especially
vulnerable in settings where 1.5T MRI
predominates and structured quality-assurance
workflows are limited.

The first major finding is the high discrepancy
burden in provincial cases. Overall

discrepancy affected 75.2% of provincial cases
compared with 23.7% of central cases, and N-
stage under-staging was the dominant error
pattern. This is clinically important because
nodal staging directly influences nodal target-
volume delineation, dose coverage, and
systemic therapy decisions. Because this study
did not measure survival or recurrence
outcomes, the finding should be interpreted as
evidence of potential treatment-planning risk
rather than proof of downstream oncologic
harm.

Second, the criterion-level findings identify
the specific anatomical targets where quality
improvement and Al-assisted decision support
are most likely to help. Small cervical lymph-
node assessment and retropharyngeal node
detection showed both the largest accuracy
gaps and the lowest agreement values in
provincial hospitals. Future Al tools should
therefore prioritise criterion-level detection,
measurement, and structured reporting of these
nodal findings rather than producing only a
single overall stage label.

Third, the multivariable model highlights
modifiable institutional and technical
determinants. Double reading and MDT
review are immediately actionable quality-
assurance interventions that do not require
major equipment investment. PACS/RIS
availability and 3T MRI upgrades require
capital planning, but they address the technical
limitations underlying the observed gaps in
skull-base, retropharyngeal, and small-node
assessment. Structured reporting templates
may provide an additional safety layer by
forcing systematic documentation of each
staging criterion.

The findings have direct implications for the
development of an Al-assisted NPC diagnosis
and staging system in Vietnam. The most
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appropriate role for Al in this context is not to
replace radiologists, but to function as a
second reader and workflow support tool:

highlighting  suspicious  small  nodes,
prompting  systematic  evaluation  of
retropharyngeal nodes and  skull-base
structures, generating criterion-level

structured report fields, and flagging cases for
double reading or MDT review. Such a design
would align Al development with the most
clinically consequential errors identified in this
study.

Several limitations should be acknowledged.
First, the reference standard was expert
imaging consensus rather than pathological
verification of each staging criterion, which is
rarely feasible in routine NPC staging. Second,
the retrospective design cannot determine
whether staging discrepancies would have
been corrected during later clinical review.
Third, because several predictors were
measured at the hospital or workflow level,
final inferential models should adjust for
clustering by hospital. Fourth, the source
summary did not provide TP/FP/FN/TN
counts for each criterion; exact confidence
intervals should therefore be generated from
the raw diagnostic matrix before submission.
Finally, the five participating hospitals may
not represent the full range of MRI capacity
across Vietnam.

V. CONCLUSIONS

MRI staging discrepancy for NPC was
substantially more frequent at provincial
hospitals than at central hospitals in Vietnam,
with nodal under-staging as the dominant error
pattern. The largest performance gaps
involved retropharyngeal and suspicious
subcentimetric cervical lymph-node
assessment. Provincial hospital tier, absence of
double reading, 1.5T MRI field strength,

absence of regular MDT meetings, and
PACS/RIS absence were the strongest case-
level predictors of discrepancy. Double-
reading protocols, structured reporting, MDT
review, PACS/RIS implementation, and
staged MRI infrastructure upgrades should be
prioritised. Al-assisted tools should focus on
criterion-level second reading for nodal and
skull-base staging, integrated into structured
reporting workflows rather than deployed as
black-box stage classifiers.
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AUTHOR DATA-CHECK NOTES
BEFORE SUBMISSION

* Confirm that the imaging cohort is exactly
536 MRI examinations from 536 patients,
and that central/provincial denominators
are 375 and 161.

e Add TP/FP/FN/TN and Wilson 95%
confidence intervals to Table 2 when raw
criterion-level matrices are available.

* Run the final case-level model with
hospital-level clustering or mixed effects if
possible, because several predictors are
institutional variables.

* Run the final criterion-level model using
GEE or mixed-effects logistic regression
on the 536 x 6 criterion dataset.

» Verify that ethics approval language
accurately reflects whether all data were
retrospective and de-identified before
analysis.

« Remove this data-check section before
journal submission.
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