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ABSTRACT

Objective: The objective of this study was to observe the correlation between multiple quantitative parameters of magnetic resonance diffu-
sion kurtosis imaging and expression of proliferation-related antigen Ki-67 in nasopharyngeal carcinoma.

Methods: The imaging data of 25 cases receiving 1.5 T magnetic resonance imaging and pathologically diagnosed as nasopharyngeal carcinoma
were retrospectively analyzed. They were divided into Ki-67 high-expression group (n=13) and low-expression group (n=12). Diffusion kurtosis
imaging parameters in parenchymal lesions were measured by 2 observers. The consistency of measurement results of the 2 observers was
detected using intraclass correlation coefficient. The efficiency of differential diagnosis was assessed using receiver operating characteristic
curve. The correlation between each parameter and Ki-67 expression index was explored through the Pearson'’s analysis.

Results: The consistency of parameters of lesions measured by 2 observers was good in the 2 groups (intraclass correlation coefficient > 0.75).
In the Ki-67 high-expression group, mean kurtosis, axial kurtosis, and radial kurtosis were higher, while mean diffusivity, axial diffusivity, and
radial diffusivity were lower than those in the Ki-67 low-expression group (P < .05). Area under the curve values of mean kurtosis, axial kurtosis,
radial kurtosis, mean diffusivity, axial diffusivity, and radial diffusivity for predicting high Ki-67 expression were 0.984,0.922,0.899, 0.903, 0.974,
and 0.878, respectively. Mean kurtosis, axial kurtosis, and radial kurtosis were positively correlated with Ki-67 expression index, while mean dif-
fusivity, axial diffusivity, and radial diffusivity were negatively correlated with this index (P < .05).

Conclusion: The values of mean kurtosis, axial kurtosis, radial kurtosis, mean diffusivity, axial diffusivity, and radial diffusivity in the diffusion
kurtosis imaging sequence are correlated with Ki-67 expression in nasopharyngeal carcinoma, and they have the potential to reflect the prolif-
eration degree of nasopharyngeal carcinoma cells. Mean kurtosis is the optimal parameter.
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Introduction high expression indicates the enhanced proliferative activity

and invasion ability of NPC cells, the high risks of deep mus-

Nasopharyngeal carcinoma (NPC) is one of the head-neck
tumors with unobvious early symptoms due to its hidden ana-
tomical position.! The nasopharyngeal region is rich in lym-
phatic network, so it is prone to lymph node metastasis, with
a metastasis rate of up to 90%. Patients often seek treatment
with lymph node enlargement as the initial symptom.? The
size and site of metastatic cervical lymph nodes are impor-
tant factors affecting the clinicopathological stage of patients
with NPC, and the higher the pathological stage, the worse
the prognosis.® The proliferation-related antigen Ki-67 in NPC
cells reflects the proliferation status of tumor cells, and its
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cular infiltration and local invasion and metastasis, and also the
increase in probability of NPC recurrence and decrease in sur-
vival probability.*® The expression of Ki-67 is mostly detected
by immunohistochemical analysis after operation. Therefore,
it is expected that the expression of Ki-67 can be evaluated
before operation to determine the proliferation status of NPC
cells and guide the development of therapeutic regimen and
prognostic evaluation. Diffusion kurtosis imaging (DKI) belongs
to magnetic resonance (MR) functional imaging, with no need
of using contrast agents, which can accurately reflect the non-
Gaussian distributed diffusion state of water molecules in
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biological tissues and the complexity of tissue microstructure;®
so it has been widely used in abdominal diseases currently. This
article aims to preliminarily explore the correlation between
multiple quantitative parameters of the DKI sequence and the
expression of Ki-67 in NPC, so as to evaluate the NPC cell pro-
liferation ability before operation.

Methods

Subjects

This study has been approved by the the First Affiliated
Hospital, Jinan University (approval No. FAHJU201901002).
Written informed consent has been obtained from all
patients. The data of patients meeting the inclusion criteria
in our hospital from January 2019 to October 2020 were ret-
rospectively analyzed. The inclusion criteria were as follows:
(1) patients diagnosed with primary NPC by surgical pathol-
ogy; (2) those without contraindications to MR examination
and receiving 1.5 T MR examination (including DKI sequence)
before the operation; (3) those with complete data (immu-
nohistochemical analysis indexes including Ki-67); and (4)
those without undergoing any treatment (including biopsy)
before MR examination. The exclusion criteria were as follows:
(1) patients with a diameter (thickness) of lesions <1.0 cm
and (2) those whose MR images had poor quality and obvi-
ous artifacts. Finally, 25 patients were enrolled, including
16 males and 9 females aged 31-67 years old, with an average
of 58.89 + 10.23 years old.

Examination Methods

A GE Signa HDxt 1.5T superconducting MR scanner (GE
Healthcare, Chicago, IL, USA) with an 8-channel phased array
body coil was used. Scanning sequences included (1) rou-
tine plain scan: axial T1-weighted image (T1WI) and T2WI
sequence and (2) transverse DKI sequence: single-shot spin-
echo echo planar imaging sequence, repetition time (TR)/echo
time(TE) =3000/98 ms, matrix=128 x 128, number of exci-
tations (NEX)=2.0, b=0, 1000 s/mm?, and 2000 s/mm? the
diffusion gradient was applied in 30 orthogonal directions, and
the scanning time was about 3 minutes. The slice thickness of
the above sequence was 5.0 mm, at an interval of 1.0 mm, and
field of view (FOV) =320 mm x 320 mm.

Image Analysis and Data Measurement

The data were measured by 2 radiologists (observer 1 and
observer 2) with more than 6 years of experience in abdomi-
nal MR diagnosis. The original image data of the DKI sequence
were sent to the AW4.6 workstation, and the DKI image was
reconstructed using Functool software, based on which the
mean kurtosis (MK), axial kurtosis (Ka), radial kurtosis (Kr), frac-
tional anisotropy of kurtosis (FAk), mean diffusivity (MD), axial

Main Points

Mean kurtosis, axial kurtosis, radial kurtosis, mean diffusivity,
axial diffusivity, and radial diffusivity in the diffusion kurto-
sis imaging sequence are correlated with Ki-67 expression in
nasopharyngeal carcinoma (NPC).

The values can reflect the proliferation degree of NPC cells.
Mean kurtosis is the optimal parameter.
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diffusivity (Da), radial diffusivity (Dr), and fractional anisotropy
(FA) were obtained. The largest cross-section of lesions was
selected, and a round region of interest (ROI) (about 1.0 cm?)
was determined on 3 adjacent layers of the parenchymal
tumor, away from the area with heterogeneous signals such as
necrosis and hemorrhage (T1WI and T2WI). Finally, the lesion
site, morphology, and imaging size of NPC and relevant clini-
cal, pathological, and immunohistochemical analysis data were
recorded in detail by observer 1.

Detection of Ki-67 Expression

Immunohistochemical staining was performed using
streptavidin—peroxidase method, and the results were deter-
mined by 2 pathologists. Ki-67 was expressed in the nucleus of
tumor cells, and when there were clear brown-yellow particles
in the cytoplasm of tumor cells, and the staining intensity was
stronger than the non-specific staining background, the posi-
tive result was confirmed. Ten fields of view (200x) were ran-
domly selected, and the average percentage of positive tumor
cells in each field was calculated as the expression index.
A Ki-67 expression index value <560% indicates low expres-
sion, while a value >50% indicates high expression®.

Statistical Analysis

Statistical Package for the Social Sciences 17.0 software was
used for data analysis. Whether the quantitative data are in line
with the normal distribution was detected by Kolmogorov—
Smirnov test, and the measurement data were expressed as
(" £ s) in the case of normal distribution. The consistency of
the measurement results of DKI parameters by the 2 observers
was detected using the intraclass correlation coefficient (ICC):
ICC < 0.40: poor consistency, 0.40 < ICC < 0.75: moderate con-
sistency, and ICC > 0.75: good consistency. The average of the
measurement results by the 2 observers was taken for analy-
sis. The differences in parameters were compared between the
2 groups through 2-independent samples t-test. The efficacy
of parameters in the differential diagnosis in the 2 groups was
assessed using the receiver operating characteristic curve, and
the area under the curve (AUC) was calculated. Based on the
maximum Youden index, the cutoff value and the correspond-
ing sensitivity and specificity were determined. The correla-
tion between each parameter and Ki-67 expression index was
explored through Pearson’s analysis (correlation coefficient
[rl=0-1, 0<|r|<0.20: no correlation or extremely weak correla-
tion, 0.2<|r|<0.40: weak correlation, 0.40<|r|<0.60: moderate
correlation, 0.60<|r|<0.80: strong correlation, and |r[>0.80:
extremely strong correlation). A P-value <.05 suggested that
the difference was statistically significant.

Results

Baseline Clinical Data

Among the 25 patients, there were 13 cases in the Ki-67 high-
expression group and 12 cases in the Ki-67 low-expression
group. There were no statistically significant differences in
baseline clinical data between the 2 groups (P > .05) (Table 1).

Consistency Test Results of Parameters Measured by

2 Observers

The consistency of parameters of lesions measured by the
2 observers was good in the 2 groups (ICC > 0.75) (Table 2).
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Table 1. Baseline Clinical Data

Ki-67 Ki-67
High- Low-
Expression Expression
Group (n=13) Group (n=12) P
Gender >.05
Male
Female 5 4
Pathological type >.05
Undifferentiated 12 11
type
Differentiated 1 1
type
The American Joint >.05

Committee on
Cancer stage

IVa-IVb 6

Diffusion Kurtosis Imaging Parameters of Lesions

In the Ki-67 high-expression group, the values of MK, Ka,
and Kr were significantly higher, while the values of MD, Da,
and Dr were significantly lower than those in the Ki-67 low-
expression group, showing statistically significant differences
(P < .05). There were no statistically significant differences in
FAk and FA between the 2 groups (P > .05) (Table 3).

Efficiencies of Parameters for Differential Diagnosis

The values of MK, Ka, Kr, MD, Da, and Dr for differential diag-
nosis were evaluated. The diagnostic efficiencies of the above
6 parameters for the high and low expressions of Ki-67 in NPC
are shown in Table 4 and Figure 1.

Correlations Between Parameters and Ki-67

Expression Index

Mean kurtosis, Ka, and Kr were positively correlated with the
Ki-67 expression index, while MD, Da, and Dr were nega-
tively correlated with the Ki-67 expression index. Fractional
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anisotropy of kurtosis and FA had no correlations with the
Ki-67 expression index (Table 5).

Discussion

Ki-67 has a short half-life and degrades rapidly after the tumor
cell proliferation cycle is completed, and it is less affected by
other factors. Therefore, it has become a more reliable index
reflecting proliferative activity and malignancy of tumor cells,
and evaluating tumor growth and invasion ability, which is also
valuable in prognostic evaluation and guidance of postopera-
tive chemoradiotherapy.”® Diffusion-weighted imaging (DWI)
is @ mature and important MR functional imaging sequence
in the preoperative examination of NPC currently, which
reflects the speed of diffusion of water molecules in tissues
at the microscopic level and the degree of limitation on water
molecule diffusion through the apparent diffusion coefficient
(ADC). It has been reported that the Ki-67 expression in NPC
can be evaluated using ADC, and the mean ADC in NPC with a
high expression of Ki-67 is lower than that with a low expres-
sion of Ki-67, being significantly negatively correlated with
the Ki-67 expression index.®'® Evaluation of the Ki-67 expres-
sion in NPC using other MR-related techniques has not been
reported yet.

Diffusion tensor imaging (DTI) is evolved on the basis of DWI,
in which the FA value is added to reflect the directional-
ity of water molecule diffusion in tissues. The premise of the
application of the 2 sequences is that the diffusion of water
molecules in tissues conforms to the Gaussian distribution.
Under the effects and influence of various microstructures
and complex internal environment, however, it is difficult for
the diffusion of water molecules in human tissues to com-
pletely conform to the Gaussian distribution.' Diffusion kur-
tosis imaging sequence, an MR functional imaging technique
based on the non-Gaussian distribution model, is an extension
of DWI and DTI sequences, which can provide multiple param-
eters quantifying the deviation caused by the non-Gaussian
distribution of water molecule diffusion, thereby more accu-
rately reflecting the microstructural changes in tissues.

In this study, ICC of each parameter measured by the 2
observers was >0.75, indicating that the DKI sequence is highly

Table 2. Consistency Test Results of Parameters Measured by 2 Observers (MD, Da, Dr: pm?/ms)

Ki-67 High-Expression Group (n=13)

Ki-67 Low-Expression Group (n=12)

Observer 1 Observer 2 ICC Observer 1 Observer 2 ICC
MK 1.03+ 0.1 1.04 +0.12 0.976 0.78 +0.08 0.79+0.09 0.882
Ka 119+ 0.21 115+ 0.13 0.994 0.85 +0.09 0.88 + 0.11 0.943
Kr 0.94 +0.11 0.97 +0.11 0.962 0.72 + 0.11 0.74 +0.10 0.911
FAk 0.42 +0.09 0.41+0.05 0.985 0.37 +£0.05 0.35+0.08 0.975
MD 0.93 + 0.1 0.96 + 0.11 0.971 1.34 +0.21 1.35+0.22 0.984
Da 118 +0.17 110+ 0.16 0.984 1.65+0.18 164 +0.13 0.992
Dr 0.80 + 0.11 0.80+0.13 0.997 118 £0.15 119+ 0.14 0.976
FA 0.26 + 0.07 0.26 + 0.06 0.973 0.23 +0.04 0.22 +0.06 0.983

Da, axial diffusivity; Dr, radial diffusivity; FA, fractional anisotropy; FAk, fractional anisotropy of kurtosis; ICC, intraclass correlation coefficient; Ka, axial kurtosis;

Kr, radial kurtosis; MD, mean diffusivity; MK, mean kurtosis.

71 I



Wau et al. Diagnosis of Nasopharyngeal Carcinoma B-ENT 2023; 19(2): 69-73

stable. The results showed that the values of MK, Ka, and Kr
- : : were higher in the Ki-67 high-expression group than those
Ki-67 High- Ki-67 Low- in the Ki-67 low-expression group. The MK value is the aver-

Table 3. DKI Parameters of Lesions (MD, Da, Dr: pm?/ms)

Expression Group Expression Group age of diffusion kurtosis value in all spatial directions, and it
(n=13) (n=12) P does not depend on the spatial orientation of tissue structure.
MK 1.04 + 0.11 0.78 +0.08 <.05 Moreover, it can truly reflect the degree of deviation between
Ka 118 + 0.21 0.86 + 0.10 <05 the Gaussian distributed water molecule diffusion and the
water molecule diffusion in tissues, which is positively corre-

Kr 0.95+0.13 0.73 +0.12 <.05

lated with the complexity of tissue structure in ROL'2 In the
FAk 0.42 +0.09 0.38 + 0.06 >.05 case of a high Ki-67 expression index in NPC, the tumor cells
have vigorous proliferation and growth, and there are abundant

MD 0.93+0.12 1.33+0.19 <.05 . . .

new blood vessels, enhancing the complexity of the microen-
Da 118 +0.14 1.64 +0.17 <.05 vironment for water molecule diffusion, so that the MK value
Dr 0.81+0.12 119+ 0.16 <05 in the Ki-67 high-expression group was higher than that in
A 027 +0.06 022 005 ~05 the Ki-67 low-expression group. The Ka value represents the

average kurtosis value in the direction of the long axis of diffu-
pa, axial Qiffusivity; DKI, diffusjon kurtqsis imaging; Dr, radiAaI diffusiv{ty; FA, frag— sion tensor, while the Kr value represents the average kurtosis
tional anisotropy; FAk, fractional anisotropy of kurtosis; Ka, axial kurtosis; X . . R R R R
Kr, radial kurtosis; MD, mean diffusivity; MK, mean kurtosis. value in the direction perpendicular to the long axis of diffusion
tensor,' both of which are also proportional to the complexity
of tissues. In this study, therefore, the Ka and Kr values in the
Table 4. Efficiencies of Parameters for Differential Ki-67 high-expression group were also higher than those in the
Diagnosis Ki-67 low-expression group. Besides, the values of MD, Da, and
Drin the Ki-67 high-expression group were lower than those in
the Ki-67 low-expression group. The reason is that MD reflects

AUC Cutoff Sensitivity Specificity

MK 0.984 0.91 90.8% 100.0% the overall diffusion level and diffusion resistance of molecules,
Ka 0.922 1.08 72.9% 100.0% Da represents the diffusion coefficient of water molecules in
. . the main diffusion direction, and Dr represents the average of
Kr 0.899 0.84 81.9% 92.8% all diffusion coefficients perpendicular to the main diffusion
MD 0.903 1.09 82.4% 91.4% direction,' all of which are directly proportional to the degree
Da 0.974 1.40 100.0% 90.3% of freedom of water molecule motion. Since tumor cells had
vigorous proliferation in the Ki-67 high-expression group, the

Dr 0.878 0.95 81.2% 90.2%

cell density was increased, the cells were arranged more tightly
AUC, area under the curve; Da, axial diffusivity; Dr, radial diffusivity; Ka, axial kur- than that in the Ki-67 Iow—expression group, the extracellu-
tosis; Kr, radial kurtosis; MD, mean diffusivity; MK, mean kurtosis. lar space was reduced, and the limitation on water molecule

Table 5. Correlations Between Parameters and the Ki-67 Expression Index (MD, Da, Dr: pm?/ms)

MK Ka Kr FAk MD Da Dr FA
r 0.729 0.718 0.674 0.224 -0.608 -0.580 -0.594 0.147
P <.001 <.001 <.001 405 .007 .004 .003 532

Da, axial diffusivity; Dr, radial diffusivity; FA, fractional anisotropy; FAK, fractional anisotropy of kurtosis; Ka, axial kurtosis; Kr, radial kurtosis; MD, mean diffusivity;
MK, mean kurtosis.
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Figure 1. Efficiencies of parameters for differential diagnosis analyzed using ROC curves. Da, axial diffusivity; Dr, radial diffusivity; Ka, axial
kurtosis; Kr, radial kurtosis; MD, mean diffusivity; MK, mean kurtosis; ROC, receiver operator characteristic.
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diffusion was enhanced. As a result, the values of MD, Da, and
Dr declined in the Ki-67 high-expression group. Compared
with previous research, the DWI sequence in this study could
offer more parameters. The AUC of MK, Ka, Kr, MD, Da, and Dr
in predicting the high expression of Ki-67 in NPC was >0.80,
and it was the highest for MK, which could effectively evalu-
ate the Ki-67 expression. In addition, the FA value reflects
the degree of anisotropy of water molecule motion in tissues,
which is closely related to the integrity of tissue fiber bundles
and the consistency of direction.'® The FAk value, similar to the
FA value, represents the anisotropy among the diffusion kur-
tosis values in the 3 axial directions of diffusion tensor. In this
study, the differences in FA and FAk values were not statisti-
cally significant, so it is speculated that the integrity of fiber
bundles and consistency of direction were similar between the
2 groups. Similar results had been obtained in previous research
on the pathological grade of glioma, renal clear cell carcinoma,
and cervical squamous cell carcinoma.'®'® The value of FAk and
FA in evaluating Ki-67 expression in NPC remains to be further
explored. The limitation of this study is that the sample size
was small, and the results may be biased. It is needed to expand
the sample size in the future to further verify the results in this
study. Moreover, the ROl was not completely compared with
the immunohistochemical sampling area.

In conclusion, multiple parameters of DKI, as a non-enhanced
MR functional imaging sequence, can effectively evaluate the
expression of Ki-67 in NPC, and they have the potential to pre-
dict the expression of Ki-67 in NPC to a certain extent, thereby
helping predict the prognosis. Mean kurtosis is the optimal
parameter.
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