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Abstract

Purpose: This study aimed to assess the applicability of the apparent diffusion coefficient (ADC) for differentiating
nasopharyngeal carcinoma (NPC) from lymphomas in the head and neck region.

Material and methods: Four databases, including PubMed, the Cochrane Library, EMBASE, and Web of Science, were
searched systematically to find relevant literature. The search date was updated to 8 September 2022, with no starting
time restriction. The methodological quality of the studies was evaluated using the Quality Assessment of Diagnostic
Accuracy Studies-2 tool. Firstly, a random-effects model was used in a meta-analysis of continuous variables with
low heterogeneity to determine the overall effect size, which was reported as the standard mean difference (SMD).
Then, bivariate random effects modelling was used to calculate the combined sensitivity and specificity. The area
under the curve (AUC) for each diffusion parameter was calculated after constructing summary receiver operating
characteristic curves. The presence of heterogeneity was evaluated using subgroup and meta-regression analysis.

Results: Twelve studies involving 181 lymphoma and 449 NPC lesions (N = 630) in the head and neck region were
included, of which 5 studies provided sufficient data for pooling diagnostic test accuracy. A meta-analysis of the
12 studies using a random-effects model yielded an SMD of 1.03 (CI = 0.76-1.30; p = 0.00001), implying that NPC
lesions had a significantly higher ADC value than lymphoma lesions. By pooling 5 standard DWT studies, the pooled
sensitivity and specificity of ADC were 0.90 (95% CI: 0.82-0.95) and 0.63 (95% CI: 0.52-0.72), respectively. The area
under the curve (AUC) calculated from the SROC curve was 0.74 (95% CI: 0.70-0.78).

Conclusions: According to this systematic review and meta-analysis, nasopharyngeal carcinoma has a significantly
higher ADC value than lymphomas. Furthermore, while ADC has excellent sensitivity for distinguishing these
2 types of tumours, its specificity is relatively low, yielding a moderate diagnostic performance. Further investigations
with larger sample sizes are required.

Key words: diffusion-weighted imaging (DWTI), MRI, nasopharyngeal carcinoma, nasopharyngeal lymphoma (NPL),
lymphoma.

symptoms, they are different regarding tumour behaviour,
clinical management, and prognosis. Therefore, their ac-
Nasopharyngeal carcinoma (NPC) and lymphomas are  curate differentiation is necessary before starting proper
among the most prevalent tumours in the nasopharynx  treatment [2].

cavity, with a high incidence rate in southern regions of Magnetic resonance imaging (MRI), as the preferred
China [1]. Although they might manifest similar clinical ~— imaging modality, can reflect biochemical features of mass-
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es in the oral and pharyngeal cavity, which is very useful
for diagnosis, treatment monitoring, and prognosis eval-
uation of patients with head and neck malignancies [3].
Although endoscopy is the gold standard for diagnosing
NPC, this method sometimes has limitations for identify-
ing lesions located at the submucosa or within the pha-
ryngeal recess. MRI is a very useful and non-invasive tool
for detection of suspected NPC as well as lymphoma [4].
Therefore, initial application of MRI before performing
more invasive methods such as endoscopy and biopsy can
provide valuable information for further management and
the next diagnostic steps.

Many studies have highlighted the applicability of
diffusion-weighted imaging (DWI), a technique based
on magnetic resonance imaging (MRI), which analyses
the microscopic rate of water diffusion within tissues [5].
Apparent diffusion coefficient (ADC) as a DW-MRI-
derived parameter was shown to correlate negatively with
tumour cellularity in different solid cancers [6]. Results of
accumulating meta-analyses showed that the ADC value,
depending on cancer type [7-9], could distinguish benign
from malignant lesions [10-12], predict response to treat-
ment [13,14], and determine the expression of tumour
biomarkers [15,16]. However, there are few studies inves-
tigating the diagnostic accuracy of ADC for differentiating
lymphomas from other malignant tumours.

A recent meta-analysis by Du et al. has pointed out that
the ADC value has excellent accuracy for distinguishing be-
tween high-grade gliomas and primary central nervous sys-
tem lymphomas [17]. Furthermore, Surov et al. previously
showed that lymphomas have the lowest mean ADC value
compared to other malignant masses located in the head and
neck, such as sarcoma or squamous cell carcinomas [18].
Likewise, a meta-analysis by Payabvash et al. showed simi-
lar results for lymphomatous lymph nodes compared to
metastatic lymph nodes originating from squamous cell
carcinomas in the head and neck region [19].

In this systematic review and meta-analysis, we first
aimed to investigate the differences of ADC values between
nasopharyngeal carcinoma and lymphomas in both prima-
ry and metastatic sites and then evaluate their diagnostic
performance. Considering that there is still no radiomics
study related to the objective of this study, assessing the di-
agnostic performance of the ADC value could be promising
and might pave the road for future radiomic studies. In ad-
dition, ADC values are easier to obtain because they can be
acquired directly from MR images, and diagnosis based on
ADC values is more widely used in clinical practice com-
pared to radiomics analysis, which has limited applicability
and uneven methodological quality [20,21].

Material and methods

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses of Diagnostic Test Accuracy Studies
(PRISMA-DTA) guidelines [22]. No overlapping systema-
tic review related to the topic of this study was found in
the Cochrane Library. Institutional review board approval
or written informed consent was not mandatory because
of the nature of the study.

Search strategy

Electronic databases, including PubMed, Web of Science,
and Embase, were searched to identify studies evaluat-
ing the diagnostic test accuracy of ADC features or their
differences in distinguishing nasopharyngeal carcinomas
from lymphomas. The following combinations were used
to search databases: nasophar* AND (Carcinoma OR
Cancer OR NPC) AND (Lymphoma OR NPL) AND (ap-
parent diffusion coefficient OR ADC); a detailed search
strategy is provided in Supplementary File 1. No retrieval
date restrictions were applied; however, the search was
limited to articles published in English, and the end date
for the search was 19 June 2022. In addition, a new search
was done on 8 September 2022 to find recent publications.
All the citations identified by the database searches were
imported into the Mendeley bibliographic database.

Study selection, inclusion, and exclusion criteria

After retrieving articles from databases, duplicate studies
were removed. Then 2 authors screened titles and abstracts
of retrieved articles and excluded unrelated records, in-
cluding animal studies, articles not in English language,
review papers, conference papers, editorials, comments,
and case reports. At the next stage, the remaining records
were screened in terms of matching the research questions,
and studies with insufficient data or studies suspected to
have cohort overlap were excluded. At each stage of study
selection, the authors checked the excluded records by
reading their full text, and any disagreement was resolved
after reaching a consensus.

Studies that met the following criteria were included:
(a) the research purpose was to differentiate nasopharyn-
geal carcinomas and lymphomas using the ADC value;
(b) the mean and standard deviation (SD) for ADC values
were provided before pretreatment (e.g. surgery, chemo-
therapy, or radiotherapy); or (c) diagnostic performance
of ADC value in terms of sensitivity and specificity or
true positive (TP), false negative (FN), false positive (FP),
and true negative (TN) rates were reported; and finally
(d) the type of cancer was diagnosed by pathology. Studies
that fulfilled any of the following criteria were excluded:
(a) reviews, case reports or series, letters, editorials, con-
sensus statements, conference abstracts, or animal studies;
(b) duplicate studies or studies from a single institution
from which an analogy of their data has been published
elsewhere; and (c) studies that had insufficient data.
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Data extraction

The following data were extracted from studies that met
the inclusion criteria: first author’s name, year of publi-
cation, country, study design (retrospective or prospec-
tive), number of lesions (including NPC and lymphoma),
method of diagnosis (reference test including pathology
or imaging/clinical follow-up), MRI device magnetic field
strength (1.5T or 3T), b-values, repetition time (TR), echo
time (TE), slice thickness, threshold value, area under curve
(AUC), sensitivity, specificity, TP, FN, TN, FP, number of
NPC and lymphoma lesions, and mean + standard devia-
tion of the ADC value for lymphoma and NPC lesions.
The key information we extracted was the numbers of TP,
FP, EN, and TN. When these values were not reported, they
were calculated using the indexes of sensitivity, specificity,
and numbers of lymphoma and NPC lesions; then, the re-
sults were rounded to the nearest whole number. When
studies reported different ADC measurements, we only
extracted the data for ADC__ . If sensitivity and specific-
ity were not mentioned directly in the text, the ROC curve
was used to extract these values using the top left method.

Quality assessment

The methodological quality of included studies was as-
sessed using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) assessment tool in R with
the robvis package. The QUADAS-2 tool evaluates the
quality of a study in 4 separate areas, including patient se-
lection, index test, and reference standard, as well as flow
and timing [23]. Every included article was assessed in
each domain, and the potential risk of bias was classified
as high risk, unclear, or low risk. Two reviewers separately
completed the assessments, and any disagreements were
resolved by reaching a consensus between the 2 reviewers.

Statistical analysis

Firstly, using RevMan 5.4, we created forest plots for contin-
uous variables and determined the standardized mean dif-
ference (SMD) for nasopharyngeal cancer and lymphoma.
Additionally, the restricted maximum likelihood (REML)
with inverse variance method was applied. Cochran’s Q-test
and the Higgins inconsistency index (I°) test were used to
determine the heterogeneity of the pooled data. I? values
greater than 50% indicated significant heterogeneity. To
visually and quantitatively evaluate the publication bias for
the continuous variables, funnel plots and Begg’s test were
utilized using the meta package in R v4.2 (R Foundation
for Statistical Computing, Vienna, Austria). In addition,
the causes of study heterogeneity were investigated through
subgroup analysis. Using MIDAS and METANDI modules
in STATA 14.0 (StataCorp), data provided as sensitivity and
specificity were pooled using hierarchical logistic regression
modelling, and a hierarchical summary receiver operating
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characteristic (HSROC) plot was created. A coupled for-
est plot was generated, and then by computing the Spear-
man correlation coeflicient (r) between the logit TP rate
and logit FP rate, the presence of threshold effects was
analysed in MetaDisc 1.4. Meta-regression analyses were
carried out to explore the sources of study heterogeneity.
A Deeks’ funnel plot was created for testing publication
bias, and statistical significance was determined by the
Deeks’ asymmetry test. The post-test probability was com-
puted by creating a Fagan plot. P-values lower than 0.05
were considered significant in this study.

Results

Literature search

The electronic searches yielded 147 records, of which 39
were excluded due to duplicate titles. After screening the
titles and abstracts of the remaining articles, 79 studies were
excluded. Then 29 possible studies were evaluated for their
eligibility in the meta-analysis, of which 18 were excluded
because they had not provided sufficient data (n = 15) or
had possible cohort overlap (n = 3). In addition, an eligible
study was added following conducting a new search on 8
September 2022. Finally, 12 studies [24-35] were included in
the meta-analysis, consisting of 181 lymphoma and 449 NPC
lesions (N = 630) in the head and neck region (Figure 1).

Characteristics of included studies

Characteristics of studies are listed in Table 1. The publi-
cation date of included studies ranged from 2007 to 2022.

5 Records identified from:
< PubMed = 24 5| Duplicate records removed
£ W0S=126 > (n=39)
==
3 Embase =97
N=147 Records excluded (n=79)
- Reviews =12
Not related based on title
Y (case reports and reviews included) = 55
= Records screened Animal study =1
g eco(n 5_51(0%6) ¢ > Comment or editorial =2
3 - Conference paper =2
Not in English =3
Book chapter =3
_ Poster =1
\ Reports excluded (n = 18)
2 Not mentioned NPC or have not
g foer?gﬁLtisli?;S(e:i%) sufficient data=12
b > Possible cohort overlap =3
Not mentioned lymphoma or
have not sufficient data =2
_ ADCwas not reported = 1
g Studies i I‘:i di
2 E ;salln;g (: _'q g; eta- Reports added following a new
L] ysiin= search on September 8, 2022 (n = 1)

Figure 1. PRISMA flow chart showing the literature search and study
selection
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Of the 12 studies, 9 were retrospective, one prospective, _ - ~ wlol <]l
and 2 with no sufficient information regarding the study 2 E BEIBRIBEIEE e S R SlE)2
design. Nine studies were conducted in Asian regions A ] vl e el e h el A el i H
(4 in China, 3 in Hong Kong, 2 in Japan, and one in Turkey), é £ § E § i § p= E g E E E
and 2 studies were conducted in African regions (both < < < il I Rl
in Egypt). Nine studies evaluated DW-MRI parameters I
at the primary tumour sites, 2 studies at lymph nodes, g
and one at the site of the trigeminal nerve. Two stud- = = FRNNEEEEEREEE
ies evaluated DW-MRI parameters in paediatric po- _‘E
pulations. The MRI scanner manufacturers were Siemens L]
(n =5), Philips (n = 5), and GE (n = 1), and one study o elolal 1y elolsl gl =
used a mix of these scanners. Scanner’s field strength in @ Slzliglsisis|ciz s s 2] s
4 studies was 3.0 T, and in the rest of the studies was 1.5 T. s HiH 22 A {-I\: sl I Bl g
Ranges of b-values were from 0 to 1000 (10 s/mm?). = § po f = § s|& § = § g 2
Repetition time (TR) ranged between 2000 and 5600,
echo time (TE) ranged from 8 to 100, the slice thickness ]
in 5 studies was 4 mm, in 4 studies was 5 mm, in one = § S|l TS| E
study was 10 mm, in one study was a mix of 3 and 4 mm,
and was not mentioned in one study. Data for diagnostic __m
test accuracy (DTA) analysis were available in 5 studies, g
and in 4 of them, cut-off values ranged from 0.694 to 0.77. 'é— ~erftre BRI
In addition, quantitative extracted data from the studies =
are listed in Table 2. .
Sl Ml AN BN N N &~
ADC difference between NPC and lymphomas
A random-effects model meta-analysis of the 12 studies =
resulted in an SMD of 1.03 (CI = 0.76, 1.30) (p < 0.00001), _E_ ol w]| | - | al =]
indicating that NPC lesions had a significantly higher ADC E
value than lymphoma (Figure 2). For testing heterogeneity, =
an Pof 43% (Q = 19.40 and df = 11) with a p-value of 0.05 ]
showed there was not a significant heterogeneity among - rHNMERNEE N e
studies. According to Beggs test, no publication bias was -~ = = i
found for the ADC value (p = 1.00) (Figure 3).
>
Subgroup analysis of the ADC difference between NPC s BEHEEINE tlelal !
and lymphoma &
After performing a subgroup analysis, the test for sub- E . - -
group differences showed that the SMD of the ADC value :‘E Rl =] ]! RS
for NPC was significantly higher in studies using a mag- A
netic field strength of 1.5T (y*=4.51,df =1, p = 0.03, and
I’ = 77.8%) and paediatric populations (x> =9.2,df =1, - - |~
p =0.002, and I = 89.1%). The SMD of the ADC was 5 sz s ] HES]
higher in subgroups such as primary tumour site and
TR < 3000 ms. However, the difference was not statistical- g -
ly significant (p > 0.05, data available in Supplementary £ = s~ = b
File 2). g SIS S]] NN
g -
Diagnostic performance of ADC for differentiating NPC £
v o~
from lymphoma § oo 2. =l.|= § _lsls
Five studies, consisting of 109 lymphoma and 295 NPC § ][R E § 2 S 213 S S 3
lesions, reported the diagnostic test performance of the < Sl s g SI= = g § °E>i g | S
ADC value and demonstrated a pooled sensitivity and 2 HEEEIEEBEEEEE
specificity of 0.90 (95% CI: 0.82-0.95) and 0.63 (95% CL: = i el Bl el Ml il Kl Il
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Study NPC Lymphoma Weight Std. mean difference IV, Std. mean difference IV,

orsubgroup Mean SD Total Mean SD Total Random, 95% Cl Random, 95% Cl

Baiomy et al. 082 016 14 0532 01465 12 6.1% 1.81(0.87-2.75) —_—

Donia et al. 067 01 6 0.62 01 4 3.7% 0.45 (~0.84-1.74) —_—t

Fong et al. 098 016 45 075 019 5 5.8% 1.39(0.42-2.36) _—

Ichikawa et al. 0567 0057 8 0528 0.09% 7 5.3% 0.48 (-0.55-1.51) —_—t

Kato et al. 071 011 15 059 006 7 5.8% 1.18(0.20-2.16) _—

King et al. 0802 0128 17 0664 0071 8 6.4% 1.17(0.26-2.09) e —

Law et dl. 08 013 63 067 013 8 8.0% 1.22(0.45-1.98) E—

Lian etal. 0803 0197 89 0675 0204 38 15% 0.64(0.25-1.03) —=—

Parlak et al. 0687 011 16 0481 008 14 6.4% 2.06(1.15-2.97) e —

Song et al. 0871 0084 62 0754 0157 38 14.1% 0.99 (0.56-1.42) ——

Wang et al. 0764 0158 32 0693 0225 20 11.2% 0.38(~0.19-0.94) T

Yuetal. 0981 0184 82 076 0182 20 12.2% 1.19(0.68-1.71) —

Total (95% (1) 449 181 100.0% 1.03(0.76-1.30) <o

Heterogeneity: t2=0.09, 2= 19.40, df = 11 (p = 0.05), * = 43% } } } }

Test for overall effect: Z =7.36 (p < 0 00001) -2 -1 0 1 2
Lymphoma NPC

Figure 2. Forest plot of standardized mean difference (SMD) of the apparent diffusion coefficient (ADC) between lymphoma and NPC lesions
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Figure 3. Funnel plot of publication bias on the difference between ADC value in NPC and lymphoma showed a symmetrical pattern, and Begg's test with
a p-value of 1.00 suggested there was not a statistically significant publication bias
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Figure 4. Diagnostic meta-analysis of studies evaluating the performance of ADC value for differentiating NPC from lymphoma (A: Forest plot, B: HSROC)

0.52-0.72), respectively (Figure 4A). The HSROC had
an AUC of 0.74 (95% CI: 0.70-0.78) (Figure 4B). The po-
sitive likelihood ratio (PLR) and negative likelihood ra-
tio (NLR) were 2.4 (95% CI: 1.9-3.1) and 0.15 (95% CI:

0.08-0.29), respectively, with a DOR of 16 (95% CI: 8-34).
The I values of ADC mean for sensitivity were greater
than 50% (I? = 77.39), indicating a significant heteroge-
neity. For threshold analysis, the Spearman correlation

© Pol J Radiol 2023; 88: e472-e482
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Table 3. Results of meta-regression for each variable

Variable Se p1 Sp p2 Joint model analysis
‘ ‘ ‘ LRT 2 | p-value | P
Sample size >50 4 | 0.92[0.86-0.98] 0.16 0.61[0.51-0.71] 0.57 1.92 0.38 0
<50 1 | 0.77[0.49-1.00] 0.75[0.45-1.00]
Magnetic field strength | 3.0T 2 | 0.90[0.80-1.00] 0.56 0.611[0.48-0.74] 0.87 0.53 0.77 0
15T 3 | 0.91[0.83-0.99] 0.68[0.51-0.85]
Country China 3 | 0.92]0.85-0.99] 0.89 0.590.49-0.70] 0.08 333 0.19 40
Hong Kong 2 | 0.88[0.75-1.00] 0.84[0.64-1.00]
Tumour site Primary site 4 | 0.92[0.86-0.98] 0.16 0.61[0.51-0.71] 0.57 1.92 0.38 0
Lymph nodes 1 | 0.77[0.49-1.00] 0.75[0.45-1.00]
TR TR > 3000 3 | 0.92[0.85-0.99] 0.31 0.59[0.49-0.70] 0.22 333 0.19 40
TR < 3000 2 | 0.88[0.75-1.00] 0.84[0.64-1.00]
TE TE< 80 3 | 0.92[0.85-1.00] 0.18 0.67[0.50-0.84] 0.36 0.98 0.61 0
TE> 80 2 | 0.88[0.77-0.99] 0.61[0.44-0.771
Slice thickness Thickness > 4 2 | 0.88[0.77-0.99] 0.18 0.611[0.44-0.77] 0.36 0.98 0.61 0
Thickness < 4 3 | 0.92[0.85-1.00] 0.67 [0.50-0.84]
Study design Prospective 1 | 0.77[0.47-1.00] 0.23 0.75[0.44-1.00] 0.50 1.70 0.43 0
Retrospective 3 | 0.92[0.85-0.99] 0.59[0.48-0.70]

Table 4. Results of sensitivity analysis after eliminating each study

Study eliminated | | Sensitivity | P | Specificity | P | PLR

King et al., 2007 0.72 0.92[0.83,0.96] | 81.08 | 0.61[0.51,0.71] 3347 | 24[18,3.1] 0.1310.06, 0.27] 181[8,42]
Fong et al., 2010 0.73 | 0.901[0.78,0.95] | 80.66 | 0.61[0.50,0.71] | 0.0 | 23[1.8,3.0] | 0.17[0.08,0.36] 1416, 31]
Yuetal., 2016 0.74 0.89[0.77,0.95] | 77.48 | 0.65[0.53,0.75] 3573 | 2.5[1.9,34] 0.1710.08, 0.36] 1516, 36]
Lian et al., 2020 0.84 | 0.93[0.86,0.96] | 66.01 | 0.64[0.47,0.77] | 3562 | 25[1.7,39] | 0.11[0.06,0.22] | 22[10,52]
Song et al., 2020 0.73 | 0.88[0.78,0.94] | 73.77 | 0.66[0.54,0.76] | 30.83 | 2.6[1.8,3.6] | 0.18[0.10,0.34] 14[6,31]

coefficient was measured as 0.6 with a p-value of 0.285,
indicating the absence of a threshold effect.

Meta-regression and heterogeneity exploration

A meta-regression analysis was performed to identify the
potential source of heterogeneity. Several variables were
considered: sample size (greater than 50 vs. less than
50), study design (prospective vs. retrospective), country
(China vs. Hong Kong), magnetic field strength (3.0 vs.
1.5 T), tumour site (primary site vs. lymph nodes), TR
(greater than 3000 vs. less than 3000), TE (greater than
80 ms vs. less than 80 ms), slice thickness (greater than
4 mm vs. lower than 4 mm). As seen in Table 3, the dif-
ference of sensitivity and specificity between each sub-
group was not significant (p-values for both sensiti-
vity and specificity were higher than 0.05). Because
MIDAS and METANDI modules cannot be utilized
for fewer than 4 studies, I? for each subgroup was cal-

culated using MetaDiSc software. I values for sensi-
tivity were found to be lower in studies conducted in/
with 1.5 T scanners (54.1 vs. 90.07), Hong Kong (68.0
vs. 85.6), TR < 3000 ms (68 vs. 85.6), TE < 80 ms (68.2
vs. 87.1), and slice thickness < 4 mm (68.2 vs. 87.1).
In addition, I? values for specificity were found to be
lower in subgroups with 3.0 T scanners (0 vs. 63.6),
China (0 vs. 53.8), TR > 3000 (0 vs. 53.8), TE > 80 ms
(0 vs. 67.2), and slice thickness > 4 mm (0 vs. 67.2).

Sensitivity analysis, clinical utility, and publication bias

When each included study was removed from the analysis
one by one, no significant changes were observed, except
for the study by Lian et al., which after removal resulted
in AUC, sensitivity, and specificity of 0.84, 0.93, and 0.64,
respectively. Moreover, the level of I? for sensitivity de-
creased to 66.01. When the study by Fong et al. was re-
moved, I for specificity was significantly reduced (Table 4).
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Figure 5. A) Fagan plot analysis to evaluate the clinical utility of ADC for differentiation of NPC lesions from lymphoma. B) Deeks' funnel plot

According to the Fagan diagram (Figure 5A), the prob-
ability before the prediction is 25%. The likelihood of dia-
gnosing NPC increases to 45% in the presence of positive
DWI. When the result was negative, the post-test prob-
ability of diagnosing NPC was reduced to 5%.

Deeks’ funnel plot asymmetry test was used to evalu-
ate publication bias. Because the funnel plot used to mea-
sure publication bias was almost symmetrical, and the
coeflicient of bias showed a p-value of 0.54 (> 0.05), and
a low publication bias was further validated (Figure 5B).

Quality assessment

The results of the QUADAS-2 assessment, including risk of
bias, applicability concerns, and weight-adjusted summary
plots, are depicted in Figure 6. For risk of bias assessment,
the risk was low for most studies, with some concerns on
patient selection domain in 3 studies due to unclear patient
exclusion or study design. Similarly, some concerns existed
in the index test domain for 5 studies due to unclear in-
formation regarding blinding results to the reference test.
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Figure 6. A) The risk of bias and applicability concerns for included studies using QUADAS-2. B) Summary plot for risk of bias and applicability concerns
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In addition, there were some concerns about 5 studies in
the reference standard domain due to unclear information
regarding blinding results to index test, and risk of bias was
high in one study due to using imaging criteria instead of
pathology for lymph nodes. In the flow and timing do-
main, there were some concerns about 8 studies due to un-
available information regarding the time interval between
index test and reference standard. Applicability concerns
were low in almost all domains.

Discussion

Nasopharyngeal carcinoma (NPC) and lymphomas are
common tumours affecting the nasopharynx, and they
have similar symptoms, such as epistaxis, headache, and
nasal obstruction. However, they are quite different in
terms of therapeutic methods to the extent that radio-
therapy is the primary treatment strategy in NPC while
chemotherapy is the choice for lymphoma treatment.
Therefore, differentiating these 2 nasopharyngeal tumours
is important for treatment optimization [2]. Traditional
MRI is one of the main imaging modalities used to delin-
eate the lesions of the nasopharynx cavity [3].

As an MRI-based technique, diffusion-weighted im-
aging (DWI) tracks water molecule movement through
the tissue and provides insight into the main tissue struc-
ture. Generally, cellular proliferation leads to increasing
tumour cellularity. Water molecules move randomly in
a process called molecular diffusion. This movement de-
pends on tissue cellularity and extra- or intracellular com-
partments, which inversely is correlated with tissue cellu-
larity and cellular membrane integrity [36]. Consequently,
the magnitude of water molecule movement is altered.
Thus, we record a different DWT in normal and neoplastic
tissue. Also, we can quantitatively evaluate the magnitude
of water molecule movement utilizing a quantitative DWI
parameter: the apparent diffusion coefficient (ADC) [37].
DWTI not only has excellent diagnostic performance for
the differentiation of malignant from benign lesions in
several malignancies [38-41] but can also be helpful in
distinguishing 2 distinct malignant tumours from each
other [17,42]. Differences in cellularity, necrosis, and per-
fusion can explain why each tumour has a specific range
of ADC [29].

In terms of histopathology, nasopharyngeal carcinoma
differs from other squamous cell carcinomas in the head
and neck region [43]. In line with this, the ADC value of
NPCs was found to fall between lymphomas and squa-
mous cell carcinomas (SCC) in both primary sites and
lymph nodes [29,30,32]. Because ADC values of NPC are
closer to lymphomas than to other SCC, distinguishing
NPC from lymphoma can be more challenging due to
possible overlaps between their ADC values [30]. A pre-
vious meta-analysis has shown that metastatic lymph
nodes, which originated from squamous cell carcinomas,
have a higher ADC value compared to lymphomatous
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ones in the head and neck region (SMD = 1.36), and using
the ADC value for differentiating them yields an excellent
diagnostic performance (SROC AUC of 0.936) [19].

The aim of this study was to evaluate the applicability
of the ADC value for differentiating NPC from lympho-
mas. By assessing 12 studies published between 2007 and
2022, we have observed that NPC lesions had a signifi-
cantly higher ADC value than lymphomas (SMD = 1.03).
The results of our subgroup analysis showed that this dif-
ference is more elevated in paediatric populations and
studies that used 1.5 T scanners. In addition, NPC lesions
had a higher ADC value in primary tumour sites and
studies with TR < 3000 ms, although this difference is not
statistically significant. Then we investigated its diagnostic
test performance according to 5 studies and found that the
pooled sensitivity, specificity, and AUC of ADC__were
0.90, 0.63, and 0.74, respectively, which shows moderate
diagnostic performance with a high pooled sensitivity but
relatively low specificity. In addition, cut-off values ranged
from 0.694 to 0.77 in 4 studies. However, we observed
a significant between-study heterogeneity regarding
pooled sensitivity (I = 77.39); thus, we performed a me-
ta-regression analysis. It was found that I was lower in
studies that used 1.5 T scanners, were conducted in Hong
Kong, or had repetition time, echo time, and slice thick-
ness lower than 3000 ms, 80 ms, and 4 mm, respectively.
Results of funnel plots and statistical analysis suggested no
substantial publication bias in our meta-analysis, and the
diagnostic threshold analysis did not reveal any noticeable
threshold effects.

Overall, there was a low risk of bias in the studies that
were assessed, and they were appropriately performed.
Nevertheless, because these MRI techniques are based on
a small number of studies, their diagnostic performance
data should be interpreted with caution.

This systematic review has several limitations. First,
the number of included studies, especially for the diag-
nostic test accuracy (DTA) part, was relatively small.
Opverall, the prevalence of NPC is low worldwide, except
in some endemic regions. Thus, the included studies also
had a small sample size, limiting the reliability of the
subgroup and heterogeneity analysis results. In addi-
tion, the included studies did not investigate the differ-
ence between distinct subtypes of NPC and lymphomas.
It should be noted that ADC values are different in dis-
tinct subtypes of lymphomas (e.g. Hodgkin’s vs. non-
Hodgkin’s), as shown previously [44]. The prevalence
of the undifferentiated NPC subtype seems to be higher
in Southeast Asia [45], while in the United States [46],
most patients presented with keratinizing squamous cell
carcinoma followed by undifferentiated subtype. Because
the ADC value reflects cellularity, well-differentiated car-
cinomas were shown to have a higher ADC than poorly
differentiated ones in the pharyngeal cavity. Consider-
ing this point, it can be concluded that in populations
where the prevalence of the differentiated type is higher,
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due to the reduction of the overlap of this parameter
with lymphoma, the specificity of the test may increase.
Unfortunately, in this meta-analysis, the patient popula-
tion was limited to African and Asian countries, which
makes it necessary to conduct a thorough investigation
in American countries.

Conclusions

This systematic review and meta-analysis showed that na-
sopharyngeal carcinoma has a significantly higher ADC

ADC for differentiating NPC from lymphoma

value than lymphomas. In addition, although ADC has
excellent sensitivity for differentiating between these
2 types of tumours, its specificity is relatively low, yielding
a moderate diagnostic performance.
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