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ARTICLE INFO ABSTRACT

Keywords: Objective: To explore the feasibility of using RESOLVE DWI combined with conventional magnetic resonance
Sinonasal neoplasm imaging (MRI) to discriminate between sinonasal NKTLs and DLBCLs and to investigate the correlation between
Natural killer/T-cell lymphoma ADC value and Ki-67 expression in the two subtypes of NHLs.

Diffuse large B-cell lymphoma Materials and methods: Sixty patients with NKTLs and twenty-six patients with DLBCLs in the sinonasal region

Diffusion-weighted imaging

. Lo who were confirmed by histopathology underwent high-resolution DWI and conventional MRI. The apparent
Magnetic resonance imaging

diffusion coefficients (ADCs) and conventional MRI features associated with NKTLs and DLBCLs were compared
using multivariate logistic regression. Receiver operating characteristic (ROC) curve analysis was performed,
and the area under the curve (AUC) values for conventional MRI and MRI in combination with DWI were
compared to determine the diagnostic performances of the approaches in the differentiation of NKTLs and
DLBCLs. Spearman's rank correlations were used to analyze the correlation between ADC value with the higher
AUC and Ki-67 expression.

Results: For conventional MRI, localization in the nasal cavity and poor or moderate enhancement indicated an
NKTL, whereas localization in the paranasal sinus and intense enhancement indicated a DLBCL, with sensitivity,
specificity and area under the curve(AUC)value of 88.5%, 85.0% and 0.883, respectively. A combination with a
cut-off ADC value of 0.646 x 10~ 3 mm?/s yielded sensitivity, specificity and AUC values of 100.0%, 80.0% and
0.951, respectively. A significant difference between the AUCs for conventional MRI and MRI in combination
with DWI (p = 0.02) was identified. Ki-67 expression of NKTLs was significantly lower than that of DLBCLs
(p < 0.001). Besides, there was an inversely poor correlation between them in the overall sample (r = —0.395,
p < 0.001). However, the ADC value was not significantly correlated with Ki-67 LI in neither NKTLs nor
DLBCLs (both p > 0.05).

Conclusions: Location and enhancement degree were the most valuable conventional MRI features for differ-
entiating between NKTLs and DLBCLs. A combination of DWI and MRI could significantly improve the differ-
ential performance. ADC values may be used to noninvasively evaluate the proliferation level of sinonasal NHLs.

1. Introduction [1]. Among NHLs, diffuse large B-cell lymphomas (DLBCLs) are re-
ported to be the most common type (30%-40%) in the western popu-

As the second most common malignancy in the sinonasal region lation, whereas natural killer/T-cell lymphomas (NKTLs) only account
(only squamous cell neoplasms are more common), non-Hodgkin's for 1% of NHLs in Caucasian cases; however, NKTLs are the most
lymphomas (NHLs) account for approximately 14% of all malignancies common type (7%-10%) in East Asia and Latin America [2-4]. The two
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types of lymphomas have distinct treatments and prognoses [5,6]. A
combination of chemotherapy and radiotherapy for early-stage disease
and chemotherapy alone (i-asparaginase-based therapy, such as the
SMILE regimen) for late-stage disease have been shown to improve the
outcome of NKTL patients [7]; furthermore, the addition of rituximab
to the CHOP regimen has significantly improved the overall survival
rate for elderly DLBCL patients [8]. The disease-specific survival rate of
sinonasal NKTLs is significantly lower than that of sinonasal DLBCLs
[5]. Therefore, early and precise diagnosis and treatment of NHLs have
important clinical implications.

However, endoscopic excisional biopsy, the gold standard for a
definitive diagnosis, faces challenges. Unlike carcinomas that arise in a
dysplastic epithelium, lymphomas are of subepithelial origin. They may
be masked by an overlying inflammatory, pleomorphic infiltration or
by large areas of necrosis [9]. Thus, a superficial sampling may be
negative for a deeper underlying malignant lymphoma [10]. Further-
more, the molecular diagnostic approaches demanded by complex
cases, such as immunohistochemical staining and genetic techniques,
often cause a substantial increase in diagnosis-related time, costs and
patient anxiety [11]. Compared to invasive procedures, which are un-
able to determine the extent of the lesions, noninvasive imaging tech-
niques, such as computed tomography (CT) and magnetic resonance
imaging (MRI), offer advantages for early detection, staging and ther-
apeutic decision-making in cases of sinonasal lymphoma [12]. How-
ever, the CT and MRI morphological features are nonspecific, and dis-
crimination between the subtypes of NHLs remains a significant
challenge.

Diffusion-weighted imaging (DWI) can offer better characterization
of tissues and their physiological processes through the apparent dif-
fusion coefficient (ADC) measurements [13], and it has been used to
discriminate between benign and malignant head-and-neck masses,
oropharyngeal lymphoma and squamous cell carcinoma and to char-
acterize cervical lymph nodes [14]. A study by Wang et al. [1] showed
that ADC values of NKTLs were significantly higher than those of
DLBCLs. However, the sample size of the lymphoma cases was too small
(n = 19) to evaluate the differential diagnostic ability of ADC values.
Moreover, ADC value has the potential to reveal tumor microstructure
like cellular density and proliferative activity in different neoplasms
[15,16]. Studies have reported that ADC values are inversely correlated
with proliferation potential (Ki-67) in lymphomas, indicating that ADC
values can noninvasively evaluate the proliferation level and prognosis
of lymphoma [17-19].

Recently, high-resolution DWI using readout-segmented echo-
planar imaging (EPI), parallel imaging, and 2-dimensional navigator-
based reacquisition (termed RESOLVE) has been shown to be sig-
nificantly superior to the most widely used conventional single shot-EPI
(SS-EPI) DWI in sinonasal lesions; the RESOLVE approach offers higher
spatial resolution, which is crucial for discerning fine structures and for
limiting susceptibility artifacts, which are inherent in sinonasal regions
[20,21].

To the best of our knowledge, no studies have focused on the dis-
crimination between NKTLs and DLBCLs. The present study aims to
explore the feasibility of using RESOLVE DWI combined with conven-
tional MRI to discriminate between sinonasal NKTLs and DLBCLs, and
the correlation between ADC value and Ki-67 expression in the two
subtypes of NHLs.

2. Materials and methods
2.1. Patients

This retrospective study was approved by our institutional review
board, and the informed consent was waived. We reviewed our sino-
nasal lymphoma database. From January 2014 to February 2018, pa-
tients who satisfied the following criteria enrolled in the study: (a)
patients with a sinonasal mass histologically confirmed to be NKTL or
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DLBCL; (b) patients with data from conventional MRI and RESOLVE
DWI; (c) patients whose sinonasal mass had not undergone biopsy or
treatment prior to MRI; and (d), patients who underwent MRI within
6 weeks before surgical resection or biopsy. Patients with recurrent
tumors were excluded. Finally, a cohort of 86 patients (62 males, 24
females; average age 56.2 * 15.5 years) consisting of 60 patients with
NKTL (46 males and 14 females; mean age 54.9 + 15.8 years) and 26
patients with DLBCL (16 males and 10 females; mean age
59.3 * 14.7 years) was included in this study.

2.2. Conventional MRI protocol

All scans were performed on a 3.0T MR scanner (MAGNETOM,
Verio, Siemens, Erlangen, Germany) using a 12-channel head coil.
Conventional MRI consisted of an axial fast spin-echo T1-weighted
imaging (T1WI) (repetition time [TR]/echo time [TE] = 384/9.1 ms),
an axial fast spin-echo T2-weighted imaging (T2WI) (TR/TE = 4000/
99 ms) with or without fat suppression, and axial, coronal and sagittal
contrast-enhanced T1WI with fat suppression before and after in-
travenous injection of 0.1 mmol/kg of Gd-DTPA (Magnevist, Bayer
Schering, Berlin, Germany) at a rate of 2ml/s, followed by 20 ml of
0.9% saline flush using a power injector, with a matrix of 640 X 592, a
field of view (FOV) of 220 x 220 mm, and a thickness/gap of 6/
0.6 mm.

2.3. Resolve DWI

For RESOLVE DWI, a readout-segmented EPI, parallel imaging and
2-dimensional navigator-based reacquisition were used; all DWI se-
quences were scanned axially. The parameters were as follows: TR/
TE = 4700/66 ms; slice thickness/gap = 4/0.4 mm; slices = 25;
bandwidth = 723 Hz/Px; matrix = 192 X 192; FOV = 240 X 240 mm;
average = 1; readout segments = 7; echo spacing = 0.34ms; voxel
size = 1.6 X 1.3 X 4.0 mm; number of excitation = 1; gradient factors:
b=0, 1000s/mm? diffusion directions = 3; and acquisition
time = 2.55 min.

2.4. Imaging analysis

Two radiologists (readers 1 and 2), who had 5 and 8 years of ex-
perience in head and neck imaging, respectively, were blinded to the
patients' histopathology before they independently analyzed the
images. Disagreements were resolved through further discussion with a
third radiologist (with 20 years of experience) to reach a consensus. The
features of the masses, including location, laterality, size, signal in-
tensity, inner component, margin, enhancement degree, bone destruc-
tion, and regional invasion were assessed. Based on the largest tumor
slice, the locations were divided into (1) nasal cavity; (2) paranasal
sinus; (3) nasal cavity and paranasal sinus (similar sizes in nasal cavity
and paranasal sinus simultaneously), and the sizes of the tumors were
measured. The signal intensities of the tumors on T1WI and T2WI were
described as hypointense, isointense or hyperintense, by referring to
adjacent muscles and mucosa, and as homogeneous or heterogeneous.
The inner components included cystic/necrotic and hemorrhage. The
margins of the tumors were described as well-defined (more than two-
thirds of the border was sharply demarcated) or ill-defined (less than
one-third of the border was sharply demarcated). The enhancement
degree was described as poor (similar to muscles), moderate (greater
than muscles) or intense (similar to the mucosa). Bone destruction was
defined as the appearance of soft tissue signal replacing high bone
marrow fat signal on T1WI, showing a similar enhancement degree as
the tumor. Regional invasion was defined as a mucosa-based tumor that
extended beyond the nasal cavity and paranasal sinus with 6 adjacent
regions including: (1) nasal dorsum/adjacent cutaneous tissues; (2)
nasopharyngeal/pterygoid region/oropharynx; (3) pterygopalatine
fossa/infratemporal fossa; (4) orbital cavity/pterygoid musculature; (5)
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palate/upper alveolar process; and (6) cervical lymph nodes (dia-
meter > 1cm).

To quantitatively analyze the data acquired from the RESOLVE
DWI, 2 radiologists blinded to the clinical and histopathological data
measured the ADC values of the tumors by drawing ROIs on ADC maps
on a workstation (Syngo; Siemens Healthineers, Erlangen, Germany).
Two ROI sampling methods were used: (1) polygonal ROIL the max-
imum tumor slice was selected and the ROI was manually drawn along
the tumor margin. The measurement was repeated 3 times and aver-
aged to obtain the representative ADC value, (2) small-round ROL 3
small round ROIs (mean size 33.0 + 14.0 mm?) were placed inside the
tumor on the same slice and 3 ADC values were averaged to obtain the
representative value. All of the measurements were made carefully
avoiding obvious cystic, necrotic or hemorrhagic areas. The measure-
ments made by readers 1 and 2 were used to evaluate the interreader
reproducibility and were averaged for statistical analysis.

2.5. Immunohistochemical analysis of Ki-67 expression

Ki-67 analyses were retrospectively performed by a pathologist
(23 years of experience in sinonasal lymphoma pathology) who was
blinded to the clinicopathological and MRI data. The Ki-67 labeling
index (LI) was determined using the percentile of immunoreactive cells
from 1000 malignant cells (x400), and scoring was decided in the
areas with the highest number of positive nuclei (hot spot) inside the
tumor using ImageJ software.

2.6. Statistical analysis

The demographic and MRI features between the NKTLs and DLBCLs
were compared using the chi-square test or Fisher's exact test for ca-
tegorical variables and the Mann-Whitney U test for noncategorical
data. Receiver operating characteristic (ROC) curves were used to
compare the diagnostic efficacy of the ADC values from the two types of
ROI measurements. The ADC value with the higher area under the
curve (AUC) value was enrolled into multivariate logistic regression
analysis to explore the difference between NKTLs and DLBCLs. Odds
ratios (ORs) were calculated using logistic regression models to de-
termine the association between the histologic NHL types and the
conventional MRI features as well as the ADC values. The diagnostic
performance of conventional MRI versus a combination of MRI with
RESOLVE DWI was evaluated. The statistical analyses were performed
using MedCalc statistical software (version 15.2.2, Ostend, Belgium)
and Statistical Package for the Social Sciences (Version 17.0, Chicago,
IL). A p-value < 0.05 was considered to indicate a statistically sig-
nificant difference.

Kappa analysis was used to assess the agreement between the two
observers regarding the conventional MRI features of tumors. Kappa
values < 0.40 were considered to indicate a poor agreement, values of
0.41 to 0.60 indicated a good agreement, and values of 0.61 to 1.00
indicated an excellent agreement [22]. The intraclass correlation
coefficient (ICC) was used to evaluate the interreader reproducibility
for the ADC measurements with 95% confidence intervals (CIs). An
ICC > 0.75 was considered to indicate a good agreement [23].

Spearman's rank correlations were used to analyze the correlation
between ADC value and Ki-67 LI. A correlation coefficient [r| < 0-0.5
was considered to be poor correlation, 0.5-0.8 was moderate correla-
tion and |r| > 0.8 was defined as high correlation.

3. Results

As summarized in Table 1, the location (p < 0. 001), inner com-
ponent (p = 0.025), enhancement degree (p = 0.012) and regional in-
vasion of (3) pterygopalatine fossa/infratemporal fossa (p < 0.001)
and (4) orbital cavity/pterygoid musculature (p < 0.001) were sig-
nificantly different between NKTLs and DLBCLs. NKTLs exhibited
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Table 1
The demographic and MRI features of NKTLs and DLBCLs.
Features NKTLs DLBCLs p value
Clinical
Age (years) 549 = 15.8 59.3 = 14.7 0.112
Gender (male/female) 46/14 16/10 0.192
Conventional MRI
Laterality 0.627
Unilateral 37 (61.7%) 18 (69.2%)
Bilateral 23 (38.3%) 8 (30.8%)
Location
Nasal cavity 54 (90.0%) 3 (11.5%) < 0.001
Paranasal sinus 3 (5.0%) 13 (50.0%) < 0.001
Frontal sinus 0 (0.0%) 0 (0.0%)
Sphenoid sinus 0 (0.0%) 1 (3.8%)
Ethmoid sinus 2 (4.4%) 4 (15.4%)
Maxillary sinus 1 (2.2%) 8 (30.8%)
Nasal cavity and paranasal 3 (5.0%) 10 (38.5%) < 0.001
sinus
Size (mm?) 668.7 + 636.6 812.4 * 536.9 0.080
Margin 0.216
Well-defined 1 (1.7%) 2 (7.7%)
Ill-defined 59 (98.3%) 24 (92.3%)
Signal intensity
T1IWI 0.733
Hypointense 4 (6.7%) 2 (7.7%)
Isointense 45 (75.0%) 21 (80.8%)
Hyperintense 11 (18.3%) 3 (11.5%)
T2WI 0.805
Hypointense 1 (1.7%) 1(3.8%)
Isointense 22 (36.7%) 10 (38.5%)
Hyperintense 37 (61.7%) 15 (57.7%)
Inner nature 0.165
Homogeneous 29 (48.3%) 17 (65.4%)
Heterogeneous 31 (51.7%) 9 (34.6%)
Inner component
Cystic/necrosis 25(41.7%) 4 (15.4%) 0.025
Hemorrhage 5 (8.3%) 3 (11.5%) 0.693
Enhancement degree 0.012
Poor 3 (5.0%) 1 (3.8%)
Moderate 53 (88.3%) 17 (65.4%)
Intense 4 (6.7%) 8 (30.8%)
Bone destruction 51 (85.0%) 24 (92.3%) 0.492
Regional invasion
Nasal dorsum/adjacent 33 (90.0%) 13 (50.0%) 0.814
cutaneous tissues
Nasopharyngeal/pterygoid 29 (5.0%) 17 (65.4%) 0.165
region/oropharynx
Pterygopalatine fossa/ 19 (31.7%) 19 (73.1%) < 0.001
infratemporal fossa
Orbital cavity/pterygoid 17 (28.3%) 23 (88.5%) < 0.001
musculature
Palate/upper alveolar process 23 (38.3%) 9 (34.6.0%) 0.573
Cervical lymph nodes 12 (20.0.8%) 7 (26.9%) 0.811
ADC value (x 103 mm?/s)
Polygonal ROI 0.837 = 0.170  0.587 = 0.090 < 0.001
Small-round ROI 0.596 + 0.143 0.485 = 0.093 < 0.001

NKTLs: natural killer (NK)/T-cell lymphomas; DLBCLs: diffuse large B-cell
lymphomas; ADC: apparent diffusion coefficient; ROI: region of interest.
* p < 0.05.

significantly higher ADC values than did DLBCLs (p < 0.001) (Fig. 1).
The differential performance of the ADC values from the polygonal
ROIs were significantly higher than those generated using small round
ROIs(p < 0.001) (Table 2, Fig. 2). Representative images are shown in
Figs. 4 and 5.

Based on the results of the Mann-Whitney U test, chi-square test or
Fisher's exact test, the locations, inner nature, enhancement degree,
invaded regions of (3), (4), and ADC values from the polygonal ROIs
were analyzed by logistic regression. As shown in Table 3, NKTLs were
more likely to be seen in the nasal cavity (OR = 3.415 and 95% CI,
3.415-3.415), while DLBCLs were more often found in the paranasal
sinus (OR = 621.771 and 95% CI, 621.771-621.771) or simultaneously
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Fig. 1. Graph shows box plots of ADC value (polygonal ROI) of sinonasal NKTLs
and DLBCLs. The mean ADC value is significantly higher in NKTLs than in
DLBCLs (*: p < 0.001).

Table 2
Diagnostic performance of ADC values using different ROIs in the differentia-
tion of NKTLs and DLBCLs.

ROI method Cut-off Sen Spe PPV NPV Accuracy AUC Youden
ADC @) ) %) ) (%) index
value

Polygonal 0.646" 80.8 90.0 77.8 91.5 87.2 0.924 0.708

Small-round 0.5217 69.2 71.7 51.4 843 709 0.740 0.409

Sen: sensitivity; Spe: specificity; PPV: positive predictive value; NPV: negative
predictive value.
3 %10~ 3mm?/s; AUC: area under the curve.
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Fig. 2. ROC curves of conventional MRI and the combination of conventional
MRI and ADC to differentiate between NKTLs and DLBCLs. The AUC of the
combination of conventional MRI and ADC is significantly larger than that of
conventional MRI, for differentiating between NKTLs and DLBCLs (p = 0.02).

in the nasal cavity (OR = 26.392 and 95% CI, 26.392-26.392). NKTLs
were more likely to show poor (OR = 0.008 and 95% CI, 0.008-0.008)
or moderate enhancement (OR = 0.025 and 95% CI, 0.025-0.025),
while DLBCLs more often showed intense enhancement (OR = 0.030
and 95% CI, 0.030-0.030). Logistic regression analysis showed that the
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regional invasion and inner component no longer remained in-
dependent predictors for NKTLs and DLBCLs. The optimal differential
performance was obtained using a cut-off ADC value of
0.646 x 10~ >mm?/s (> 0.646 x 10~ >mm?/s for ~ NKTLs,
<0.646 x 10”3 mm?/s for DLBCLs), which generated a sensitivity of
93.3%, a specificity of 85.0% and an accuracy of 90.8% (OR = 0.975
and 95% CI, 0.956-0.994).

Three significant independent predictors were dichotomized into
scores of 1 or O as follows: localization in the (1) nasal cavity (presence,
1; absence, 0), (2) paranasal sinus (presence, 0; absence, 1) and (3)
nasal cavity and paranasal sinus (presence, 0; absence, 1); enhancement
degree of (1) poor (presence, 1; absence, 0), (2) moderate (presence, 1;
absence, 0) and (3) intense (presence, 0; absence, 1); and the cut-off
ADC value of 0.646 x 10~ 3mm?/s (> cut-off value, 1; < cut-off value,
0). For each lymphoma, the sum scores were calculated from the lo-
cations and enhancement degree based on conventional MRI with
various ADC values. The diagnostic performance of conventional MRI,
ADC value and their combination for differentiating sinonasal NKTLs
from DLBCLs is presented in Table 4 and Fig. 3, The best differential
performance for conventional MRI was obtained with a cut-off score of
1, indicating that tumors located in the nasal cavity with poor or
moderate enhancement were more likely to be NKTLs, with a sensitivity
of 88.5%, a specificity of 85.0%, an accuracy of 86.0% and an AUC of
0.883. The best differential performance for the combination of con-
ventional MRI and ADC value was obtained at a cut-off score of 2, in-
dicating that tumors located in the nasal cavity with poor or moderate
enhancement and ADC value > 0.646 x 10~ > mm?/s were more likely
to be NKTLs, with a sensitivity of 100.0%, a specificity of 80.0%, an
accuracy of 86.0% and an AUC of 0.951. A significant difference was
found between the AUC values of conventional MRI and conventional
MRI in combination with ADC (p = 0.02) in the differentiation of
NKTLs and DLBCLs.

The interreader agreement regarding the conventional MRI features
(k = 0.86) and the measurements of the ADC values (small round ROI:
ICC = 0.851, CI=0.768-0.934; polygonal ROI: ICC = 0.894,
CI = 0.839-0.949) were both excellent.

Ki-67 LIs were 10% to 90% (mean 65.7 = 18.1%) in NKTLs versus
70% to 90% (mean 83.5 = 7.35%) in DLBCLs (p < 0.001). There was
a poorly inverse correlation between ADC value and Ki-67 LI in the
overall NHLs (r = —0.425, p < 0.001). However, there were no sig-
nificant correlations between them in NKTLs or DLBCLs (both
p > 0.05) (Table 5).

4. Discussion

In the limited studies on the imaging features of NKTLs and DLBCLs,
the investigators neither made systematic differential diagnoses of the
two groups of lymphomas, nor did they use advanced MRI sequences
such as RESOLVE DWI [3,10,24]. For these reasons, they consistently
concluded that the differentiation of tumor histologic subtypes was
essentially impossible with based on imaging criteria alone [10,25].
Although CT is often used as the preferred and routine examination
method for sinonasal masses, MRI offers advantages in cases of regional
invasions and for tissue characterization, especially in conjunction with
ADC values [26]. In present study, the location, inner nature, en-
hancement degree and regional invasion were demonstrated as the
most valuable conventional MRI features. With the addition of ADC, an
optimal sensitivity (100.0%) was achieved for the discrimination of
NKTLs and DLBCLs. Our results suggested that conventional MRI
combined with DWI could be applied to differentiate between sinonasal
NKTLs and DLBCLs where biopsies could be hazardous.

As reported in other Asia countries [26-28], NKTLs are the most
common sinonasal lymphomas in our study, 2.31 times of DLBCLs.
Regarding the locations of the NKTLs and DLBCLs, studies have shown
that most nasal lymphomas are NKTLs, while most paranasal lym-
phomas are DLBCLs and that the most commonly involved paranasal
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Table 3
Logistic regression results using conventional MRI and DWI features to differentiate between NKTLs and DLBCLs.
Parameter B Coefficient SE 0Odds ratio (95% CI) p Value
Location 1 (sinonasal) 1.228 0.000 3.415 (3.415-3.415) < 0.001
Location 2 (paranasal sinus) 6.433 0.000 621.771(621.771-621.771) < 0.001
Location 3 (sinonasal & paranasal sinus) 3.273 0.000 26.392 (26.392-26.392) < 0.001
Enhancement (poor) —4.858 0.000 0.008 (0.008-0.008) < 0.001
Enhancement (moderate) —3.697 0.000 0.025 (0.025-0.025) < 0.001
Enhancement (intense) —3.501 0.000 0.030 (0.030-0.030) < 0.001
ADC (x10~*mm?/s) —0.026 0.010 0.975 (0.956-0.994) 0.011
Note: SE: standard error; CI: confidence interval.
Table 4
Diagnostic performance of conventional MRI, ADC value and their combination for differentiating sinonasal NKTLs from DLBCLs.
Parameters TV Sen (%) Spe (%) PPV (%) NPV (%) Accuracy (%) AUC
Conventional MRI <1 88.5 85.0 71.9 94.4 86.0 0.883
ADC <0.646" 80.8 90.0 77.8 91.5 87.2 0.924
Conventional MRI + ADC =2 100.0 80.0 68.4 100.0 86.0 0.951
Note. TV: threshold value.
3 x 10" *mm?/s.
100 locations (3) and (4) were even higher than that of NKTLs. There may
- be two explanations for this observation. First, logistic regression ana-
[ lysis indicated that it was the location of tumor and not the regional
80 invasion that remained an independent predictor for NKTLs and
- DLBCLs, probably due to their close association. Second, NKTLs located
i in the nasal cavity that result in earlier nasal symptoms are diagnosed at
) B an early stage, whereas DLBCLs hidden in the sinuses that induce
. - symptoms only after extension into surrounding structures are often
3‘% B diagnosed at a late stage [10].
. 40 B ADC values, which are derived from DWI, can quantitatively reflect
] L the random motion of water molecules in biological tissues. However,
- the widely used SS-EPI approach is vulnerable to susceptibility-based
I distortions in the sinonasal region. The newly developed RESOLVE DWI
20 N approach significantly improves image quality, as it reduces suscept-
- — polygonal RO ibility artifacts, distortion and blurring, which impair the conspicuity of
- — small round ROI sinonasal lesions [20]. Besides, Zhao et al. also reported that the ADC
ol values of RESOLVE are more accurate than those of SS-EPI in the
0 20 40 60 80 100 evaluation of sinonasal disease. Accordingly, the correlations between

100-Specificity

Fig. 3. ROC curves of the diagnostic efficacy of ADC values using polygonal ROI
and small-round ROI to differentiate between NKTLs and DLBCLs. The AUC of
polygonal ROI is significantly larger than that of small-round ROI (p < 0.001).

sinuses are the maxillary sinus, followed by the ethmoid sinus, sphenoid
sinus and frontal sinus [24,29,30]. In agreement with the previous
studies, our study suggested that the primary site of the neoplasm was
the most valuable information and that it should be determined accu-
rately when distinguishing NKTLs from DLBCLs. No previous studies
have compared the enhancement degrees of NKTLs and DLBCLs in MRI.
In our study, NKTLs showed less intense enhancement than did DLBCLs.
This finding might be explained by the angiocentric necrosis associated
with NKTLs, which means that the tumor cells infiltrate and destroy
blood vessel walls [9]. Hence, although with larger extracellular space,
the potentially worse microcirculation perfusion might lead to the
lower enhancement degree of NKTLs.

Previous studies have suggested that bone destruction and regional
invasion are important evidence supporting the stronger invasiveness of
NKTLs [4,10,26,29]. However, Nakamura et al. indicated a higher bone
destruction rate for DLBCLs than for NKTLs [24]. The bone destruction
rates observed in our study were 84% for NKTLs and 95% for DLBCLs,
indicating that NKTLs did not show stronger invasiveness than that in
DLBCLs. Furthermore, the regional invasion rates by DLBCLs in
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the ADC values and histopathological findings were better clarified
with RESOLVE [20]. Despite some overlap in the ADC values of NKTLs
and DLBCLs, we found that the mean ADC value of NKTLs was sig-
nificantly higher than that of DLBCLs, which is consistent with the
study of Wang et al. [1]. The histopathological basis for this difference
was not well elucidated, but it could be explained by the following 3
features of NKTLs: (1) fewer tumor components and lower cellularity;
(2) more necrosis and increased extracellular space; (3) lower kar-
yoplasmic ratio [9,31]. Some meta-analyses have summarized a poorly
inverse correlation between ADC and cellularity in lymphomas [16,32].
Histopathological studies indicate that NKTLs are composed of a poly-
morphous infiltrate in which the atypical, malignant cells are scattered
among benign inflammatory cells, including eosinophils, neutrophils,
histiocytes and lymphocytes. In contrast, DLBCLs are characterized by
sheets of relatively monomorphic, large, diffuse infiltrates of atypical
lymphocytes with little cytoplasm and cleaved or angulated nuclei [9].
Furthermore, NKTLs are characterized by angiocentricity, features re-
lated to the destruction of blood vessel walls due to tumor cell in-
filtration, which lead to a variable degree of localized necrosis. In
contrast, B-cell lymphoma cells tend to surround and compress the
blood vessels rather than invading them, resulting in limited necrosis
[°1.

To date, no standard ROI methods have been established for ob-
taining optimal ADC values [1]. In present study, the diagnostic per-
formance of ADC values obtained using polygonal ROIs were
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significantly better than those obtained using small round ROIs. We
propose that polygonal ROIs could better reflect the higher tumor
heterogeneity of NKTLs, which might be closely related to their higher
ADC values, whereas small round ROIs, which are often placed in re-
gions with lower ADC values, were vulnerable to selection bias.
Therefore, the difference in the ADC values between the two tumor
types could be narrowed.

Recent studies have shown that Ki-67 expression can evaluate the
proliferation and prognosis of lymphoma. However, DLBCLs with
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Fig. 4. A 56-year-old man with NKTL in bilateral nasal cavity
and nasopharyngeal top. The tumor appears as an irregular
mass with an isointense signal on axial T1-weighted image
(A), a heterogeneously hyperintense signal on T2-weighted
image (B) and an intensely heterogeneous enhancement (C).
The tumor invades nasopharyngeal, pterygopalatine fossa,
infratemporal fossa and right upper lip cutaneous tissues. (D)
Axial ADC map (b = 1000 s/mm?) shows the tumor has an
ADC value of 0.819x 10~ 3 mm?/s using polygonal ROL (E)
Photomicrograph (H&E x 100) shows the neoplasm is com-
posed of a mixture of polymorphous inflammatory cells and
malignant atypical cells, and is characterized by angio-
tropism. (F) Ki-67 immunohistochemical labelling depicts
that approximately 50% of cells are positive for nuclear
staining.

higher Ki-67 expression demonstrate a better prognosis than NKTLs.
The significantly smaller mean area per Ki-67-positive cell in B-cell
lymphomas and the introduction of rituximab might explain the con-
tradictory result [33,34]. Our study manifested that Ki-67 LI of NKTLs
was significantly lower than that of DLBCLs. This was in accordance
with study by Yamanaka [34] et al. in the Waldeyer ring and the nasal
cavity NHLs. Although Yasuda et al. [35] found no significant differ-
ence of Ki-67 expression between 11 nasal NKTLs and 16 nasal DLBCLs.
Furthermore, our study showed a poorly inverse correlation between
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ADC value and Ki-67 LI in the overall sample, which was consistent
with studies of the central nervous system and whole body lymphomas
[19, 36]. We speculated that a higher Ki-67 LI represented a higher
proliferation of lymphoma cells, leading to a greater cell density,
smaller extracellular space and increased karyoplasmic ratio. All these
factors restricted the diffusion of water molecules and reduced ADC
values [19]. Besides, no significant correlation was found between ADC
value and Ki-67 LI in both subgroups. This was largely due to the
mismatching between the ROI delineation and endoscopic forceps
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Fig. 5. A 57-year-old man with DLBCL in ethmoid sinus. The
tumor appears as a homogeneous mass with an isointense
signal on axial T1-weighted image (A), a slightly hyperintense
signal on T2-weighted image (B) and a moderately homo-
geneous enhancement (C). The tumor invades orbital cavity
and adjacent cutaneous tissues. (D) Axial ADC map
(b = 1000 s/mm?) shows that the tumor has a low ADC value
(0.591 x 10~ 3mm?/s) using  polygonal ROL (E)
Photomicrograph (H&E x 100) shows the neoplasm is char-
acterized by large cells with vesicular chromatin and con-
spicuous nucleoli. (F) Ki-67 immunohistochemical labelling
depicts that approximately 80% of cells are positive for nu-
clear staining (magnification, x 100).

biopsy, as well as small sample size.

This study had some limitations. First, it was a single-center retro-
spective study with a relatively small cohort, and, therefore, selection
bias was inevitable. Second, most of our patients underwent endoscopic
forceps biopsy rather than surgical biopsy, and it might be not re-
presentative enough for the overall lesion of heterogeneous lym-
phomas.

In conclusion, our study showed that location and enhancement
degree were the most valuable conventional MRI features for
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Table 5
The correlation between ADC value and Ki-67 expression in subgroups of sinonasal NHLs.
Parameters NKTLs (n = 60) DLBCLs (n = 26) Total (n = 86)
ADC (%10~ >mm?/s) 0.837 + 0.170 0.587 = 0.090 0.761 + 0.189
Ki-67 LI (%) 65.7 = 18.1 83.462 = 7.317 71.047 = 17.659
r (95% CI) —0.071 (—0.319, 0.187) 0.003 (—0.385, 0.390) —0.425 (—0.584, —0.234)
p value 0.591 0.989 < 0.001

NHLs: non-Hodgkin's lymphomas; NKTLs: natural killer (NK)/T-cell lymphomas; DLBCLs: diffuse large B-cell lymphomas; ADC: apparent diffusion
coefficient; r: correlation coefficient; 95% CI: 95% confidence intervals; LI: labeling index.

differentiating between NKTLs and DLBCLs. The combination of MRI
and RESOLVE DWI (with a cut-off ADC value of 0.646 x 10> mm?/s)
significantly improved performance in the differentiation of the two
types of NHLs. ADC values may be used to noninvasively evaluate the
proliferation level of sinonasal NHLs.
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