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Objectives: To investigate the diagnostic value of tumour blood flow (TBF) obtained with
pseudocontinuous arterial spin labelling for the differentiation of squamous cell carcinoma
(SCC) and inverted papilloma (IP) in the nasal or sinonasal cavity.
Methods: We retrospectively analysed the cases of 33 patients with SCC and 8 patients with IP
in the nasal or sinonasal cavity. Pseudocontinuous arterial spin labelling scanning was performed
for all patients using a 3.0-T MR unit. Quantitative TBF values were measured by two
neuroradiologists by respectively delineating the whole-tumour regions of interest, and the mean of
them was determined as TBF value in each patient. Additionally, the presence of imaging findings
of convoluted cerebriform pattern (CCP) on MR T2 weighted images was determined in all
patients. As a subgroup analysis, patients with IP were divided into aggressive and non-aggressive
IPs depending on their progression range. First, an intraclass correlation coefficient (ICC) of TBF
values between two neuroradiologists was determined. Next, a statistical comparison of the TBF
value by a Mann–Whitney U test between the patients with SCC and IP was performed.
Additionally, the comparison by an ANOVA with a post hoc test of Tukey’s method among the
SCC, non-aggressive IP and aggressive IP groups was also performed. If significance was observed,
the diagnostic accuracy to differentiate SCCs from IPs was calculated. Diagnostic accuracy by
CCP findings alone and by the combination of CCP findings and TBF were also assessed.
Results: The ICC of TBF values between two neuroradiologists was 0.82. The mean TBF
values in the patients with SCC, all patients with IP, those with aggressive IP and those with
non-aggressive IP were 141.2 ± 33.1, 77.8 ± 31.5, 109.4 ± 16.7 and 58.8 ± 19.9ml 100 g21 min21,
respectively. A significant difference was observed between SCC and IP (p, 0.001), SCC and
non-aggressive IP (p, 0.01) and non-aggressive IP and aggressive IP (p, 0.01). The diagnostic
accuracy values obtained with receiver operating characteristic curve analysis for the
differentiation of SCC from IP and for SCC from non-aggressive IP were 0.90 and 0.92,
respectively. The diagnostic accuracy was elevated (0.95 from 0.88) by adding the TBF value to
CCP findings.
Conclusions: The pseudocontinuous arterial spin labelling technique can be a useful non-
invasive diagnostic tool to differentiate SCC from IP in nasal or sinonasal cavity.
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Introduction

Inverted papilloma (IP) is the most common benign
epithelial tumour in the nasal and sinonasal cavity.1 The
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treatment of IP has mainly been surgical treatment
only and occasionally clinical follow-up without sur-
gical treatment.2 When IP is suspected in the lesion of
nasal or sinonasal cavity, it is clinically very important
to exclude squamous cell carcinoma (SCC), which is
the most common tumour among nasal and sinonasal
cavity malignancies.3 The treatment of SCCs includes
surgical treatment, chemotherapy, radiotherapy and
combinations of these.4 When the diagnosis of SCC is
obtained, early treatment is recommended before
more advanced tumour progression. The differentia-
tion of SCC and IP is important, as the progression
rate and treatment strategy are quite different between
SCC and IP.
The gold standard for the definitive diagnosis of SCC

and that of IP has been the histopathological findings.
However, the diagnosis is sometimes missed by a surgi-
cal biopsy; this is because tissue containing tumour cells
is not always obtained in a biopsy, owing to peripheral
inflammatory tissue. Concomitant or simultaneous in-
flammation in particular is commonly observed in the
nasal and sinonasal cavity.5 By contrast, a conventional
MRI finding was reported to be useful for the differ-
entiation of SCC and IP: a characteristic imaging
finding of a band-like region formed by hyperintense
and hypointense signals observed on T2 weighted
images (T2WI) and post-contrast-enhanced T1 weighted
images (CE-T1WI), the so-called convoluted cerebri-
form pattern (CCP) indicating an IP.6,7 However, this
imaging finding of the CCP was also observed in sev-
eral SCCs.7 In addition, a type of IP that is an ag-
gressive type with bone erosion or destruction has also
been observed. These findings of overlap between SCC
and IP make it difficult to differentiate SCCs and IPs.
New methods to assist the diagnoses of SCC and IP are
needed.
The pseudocontinuous arterial spin labelling (pCASL)

MRI technique that is currently widely used for the
non-invasive measurement of tissue blood flow uses
protons in arterial water as an intrinsic tracer.8

pCASL MRI is a new arterial spin labelling technique
that has the potential of combining advantages of
continuous arterial spin labelling and pulsed arterial
spin labelling. pCASL MRI is an intermediate tech-
nique between continuous arterial spin labelling and
pulsed arterial spin labelling, which utilizes a series of
discrete radiofrequency pulses to mimic the continu-
ous arterial spin labelling method for spin labelling.
The reliability of pCASL for use in head and neck
tumours was described recently.9 The pCASL pa-
rameter of tumour blood flow (TBF) reflects tissue
physiological information that differs from the histo-
logical and anatomical information of an imaging
finding of the CCP. This physiological information
can contribute to the differentiation of SCC and IP.
The aim of the present study was to investigate the

diagnostic value of TBF obtained with pCASL for the
differentiation of SCC and IP in the nasal or sinonasal
cavity.

Methods and materials

Patients’ characteristics
The study protocol was approved by the institutional
review board at Hokkaido University Hospital. We
retrospectively evaluated the cases of 33 patients with
SCC and 8 patients with IP in the nasal or sinonasal
cavity, using the following inclusion criteria: (1) the
patient was diagnosed histopathologically as having
SCC or IP and (2) MR scanning including pCASL was
performed within 1 month before the histopathological
diagnosis. The histopathological diagnosis was per-
formed following a biopsy or resection in the patients
with SCC and only by resection in the patients with IP
with confirmation of the absence of malignancy such as
SCC. The patients with SCC were 28 males (mean age,
61.8 years; range, 46–79 years) and 5 females (mean age,
59.2 years; range, 43–89 years). The primary sites of
the 33 patients with SCC were the maxillary sinus in
29 patients and the nasal cavity in 4 patients. The
patients with IP were six males (mean age, 63 years;
range, 55–70 years) and two females (49 and 64 years).
The primary sites of the IPs were the nasal cavity in four
patients, the ethmoid sinus in two and the sphenoid si-
nus in two.

Imaging parameters
All MRI was performed using a 3.0-T unit (Achieva®

TX; Philips Healthcare, Best, Netherlands) with a 16-
channel neurovascular coil. First, conventional MR
images were obtained to evaluate the primary tumour.
These images included axial (Ax.) T1WI with a spin
echo sequence [repetition time (TR), 450 ms; echo time
(TE), 10 ms; field of view (FOV), 2403 240 mm; 5123
512 matrix; slice thickness, 5 mm; interslice gap, 30%;
scanning time, 2 min 12 s] and Ax. and coronal (Cor.)
T2WI with a turbo-spin echo (TSE) sequence with fat
suppression (Ax.: TR, 4500 ms; TE, 70 ms; TSE factor,
9; FOV, 2403 240 mm; 5123 512 matrix, slice thick-
ness, 5 mm; interslice gap, 30%; scanning time, 2 min
6 s. Cor.: TR, 4365 ms; TE, 80 ms; TSE factor, 10;
FOV, 2403 240 mm; 5123 512 matrix; slice thickness,
4 mm; interslice gap, 30%; scanning time, 2 min 15 s).

Additionally, in all of the patients with IP, Ax. T2WI
without fat suppression (TR, 4000 ms; TE, 70 ms; TSE
factor, 9; FOV, 2403 240 mm; 5123 512 matrix; slice
thickness, 5 mm; interslice gap, 30%; scanning time,
2 min 1 s), coronal T1WI (TR, 521 ms; TE, 10 ms; FOV,
2403 240 mm; 5123 512 matrix; slice thickness, 4 mm;
interslice gap, 30%; scanning time, 3 min 44 s) and non-
enhanced CT images were also obtained. The CT
examinations were performed with a 320-slice multi-
detector row CT scanner (Aquilion One� ViSION
Edition, Toshiba Medical Systems, Otawara, Japan).
The settings used for CT scanning were 120 kVp,
65 mA, 0.75 s per rotation and helical pitch5 0.638. CT
images in the axial, coronal and sagittal planes were
reconstructed at a thickness of 2 mm. The CT images of
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the paranasal sinus and nasal cavity examinations were
performed at the bone window and soft-tissue window
settings, respectively.

In pCASL scanning, the acquisition was performed
by using multishot spin echo echoplanar imaging to
obtain control and labelled images. The labelling slab
was placed just under the bifurcation of the internal and
external carotid arteries by using the coronal T2WI as
a reference with the labelling efficiency of 0.85. The MR
parameters of the pCASL were as follows: labelling
duration, 1650 ms; post-label delay, 1280 ms; TR,
3619 ms; TE, 18 ms; flip angle, 90°; number of shots, 2;
echo train length, 17; bandwidth, 2668 Hz per pixel;
FOV, 2303 230 mm; matrix, 803 80; slice thickness,
5 mm; number of slices, 15; acceleration factor for
parallel imaging, 2; number of excitations, 20; and
scanning time, 5 min 11 s. The patients were instructed
not to swallow, move their tongues, open their mouths
or make any other voluntary motion during pCASL
scanning. In addition, their heads were fixed firmly with
the coil to prevent movement during the scan.

A T1 map was also obtained to measure the longi-
tudinal relaxation in the tumour tissue, and it was used
for TBF quantification. For the T1 map, a gradient echo
sequence with look locker readout by constant flip angle
was used with the following parameters: TR, 7 ms; TE,
1.7 ms; flip angle, 7°; FOV, 2303 230 mm; matrix, 256
3 256; slice thickness, 10 mm (single-slice acquisition);
scanning time, 6 s.

Data analysis

Tumour blood flow calculation by pseudocontinuous
arterial spin labelling: We calculated the TBF of the
pCASL (f) images from the signal difference (DM),

which was calculated by subtracting the labelled image
from the control image, using the previously described
equation:10

f5
DMlR1aexpðvR1aÞ

2M0a
½12 expð2 gR1aÞ�2 1 ð1Þ

where R1a is the longitudinal relaxation rate of blood
(0.67 s21), g is the labelling time (1.65 s), v is the post-
labelling delay time (1.28 s), a is the labelling efficiency
(0.85) and l is the blood/tumour-tissue water partition
coefficient (1.0 g ml21).11,12 M0 is the equilibrium
magnetization of the tumour tissue, which was esti-
mated from the signal intensity of the control image
and the tumour longitudinal relaxation rate obtained
by the T1 map. Using Equation (1), we created the TBF
maps on a pixel-by-pixel basis. We used the self-developed
program by mathematical software (MATLAB® v. 2012a;
MathWorks®, Natick, MA) to calculate the TBF values.
All post-processing was performed by this software. This
process is illustrated in Figure 1.

Tumour region of interest delineation and quantification:
The primary tumour in both SCC and IP was outlined by
two board-certified neuroradiologists with 11 and 18 years’
experience (NF and AT), blinded to the histopathological
diagnosis. The delineation was performed on the axial
T2WI with a polygonal region of interest (ROI), and the
ROI was then copied onto a TBF map (Figure 2). The
T1WI was also used as a guide to determine the ROI. To
avoid vascular artefacts in the ROI, the area of the vessel
signal void was also delineated on the T2WI, and this area
was excluded from the TBF measurement. Any strong
high-signal areas on T2WI which suggested necrosis were
also excluded.

Figure 1 Image processing of pseudocontinuous arterial spin labelling (pCASL) data. From pCASL image data, subtracted image was generated
by subtracting the labelled image from control image. Subtracted image was post-processed based on the equation for tumour blood flow (TBF)
quantification to generate TBF map with the use of T1 map.
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On the TBF map, the mean of the TBF values in
the delineated ROI was calculated. Finally, TBF
value in each patient was determined as the mean
value of two ROIs, respectively, delineated by two
neuroradiologists. If the tumour extended into two or
more slices on the TBF map, the mean TBF values of
all pixels in all ROIs of the tumour was calculated as
the TBF value.

Group division in inverted papilloma: Because there are
various types of IP in light of its aggressiveness, we also
performed a subgroup analysis by dividing the patients
with IP into non-aggressive IP and aggressive IP groups.
Aggressive IP was defined as follows: there was clear
bone destruction in any bone around the tumour or
invasion of the orbit space or skull base. If such changes
were not observed, the IP was defined as non-aggressive

Figure 2 Tumour region of interest (ROI) delineation. A sample case of tumour ROI delineation. (a) The tumour was delineated on the axial T2

weighted images with a polygonal ROI. (b) After the delineation, the ROI was copied to the corresponding tumour blood flow map.

Figure 3 (a) Tumour blood flow (TBF) in patients with squamous cell carcinoma (SCC) or inverted papilloma (IP). (b) Receiver operating
characteristic (ROC) curve for the determination of diagnostic accuracy. The TBF values in the 33 patients with SCC (141.2 ± 33.1ml 100 g21 min21)
were significantly lower than those in the 8 patients with IP (77.8 ± 31.5ml 100 g21 min21) [(a): *p, 0.001]. In the ROC curve analysis (b), the area
under curve (AUC), sensitivity, specificity and accuracy for the differentiation of SCC and IP were 0.92, 0.91 (30/33), 0.86 (7/8) and 0.90 (37/41) with
the threshold of 106–109ml 100 g21 min21 [(a): *2]. Lines of thresholds for the sensitivity of 1.0 [(a): *3, 64ml 100 g21 min21] and specificity of 1.0 [(a):
*4, 127ml 100 g21 min21] are also presented.
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IP. Imaging findings related to aggressive IP were used
to assess the imaging of axial and coronal T1WI, T2WI
and CT by the same board-certified neuroradiologist
who performed the tumour ROI delineation (AT).

Assessment of the CCP findings
For the assessment of CCP finding, the presence of CCP
on axial T2WI in each patient was determined by the
neuroradiologist who performed ROI delineation (AT),
blinded to the histopathological diagnosis. If the finding
of CCP was observed in at least one slice including the
tumour, such a patient was determined positive CCP,
and if CCP was not observed in all slices, such a patient
was determined negative CCP.

Statistical analysis
An intraclass correlation coefficient (ICC) of the calculated
TBF values between two ROIs, respectively, delineated by
two neuroradiologists was calculated. The ICCs were set as
follows: r, 0.2, poor agreement; r5 0.2–0.4, fair agree-
ment; r5 0.41–0.6, moderate agreement; r5 0.61–0.8,
good agreement; r. 0.81, excellent agreement. A Mann–
Whitney U test was used to compare TBF values between
the patients with SCC and IP. In the subgroup analysis, an
ANOVA was used for comparisons among the three
groups of patients with SCC, aggressive IP and non-
aggressive IP. When a difference was significant, we used
a post hoc test (Tukey’s method) to determine the pair
with a significant difference. If a significant difference was

observed between SCC and IP, aggressive IP or non-
aggressive IP, the receiver operating characteristic curve
was constructed for the calculation of area under curve and
for the determination of best diagnostic accuracy by using
the closest point to the upper left corner of receiver
operating characteristic curve; in addition, the thresh-
old of sensitivity of 1.0 and that of specificity of 1.0
was, respectively, determined.

For the assessment including CCP findings, at first,
diagnostic accuracy was determined for the differenti-
ation of SCC and IP based on only the presence of CCP
findings. Next, the best diagnostic accuracy by the
combination of CCP findings and TBF value was de-
termined for assessment of elevation in diagnostic ac-
curacy by adding the TBF value.

A p-value of ,0.05 was considered to indicate a sig-
nificant difference.

Results

pCASL scanning and TBF measurement were success-
fully performed in all of the eight patients with IP, three
of whom were found to have aggressive IP and the other
five had non-aggressive IP.

The ICC of TBF values between the two neuro-
radiologists revealed excellent agreement (ICC5 0.82).
The mean TBF values in the patients with SCC, all
patients with IP, those with aggressive IP and those with

Figure 4 (a) Tumour blood flow (TBF) in patients with squamous cell carcinoma (SCC), aggressive inverted papilloma (IP) or non-aggressive IP. (b)
Receiver operating characteristic (ROC) curve for the determination of diagnostic accuracy between SCC and non-aggressive IP. Among these three
groups, significant differences in TBF values were observed between SCC (141.2 ± 33.1ml 100 g21 min21) and non-aggressive IP (58.8 ± 19.9ml
100 g21 min21) [(a): *, p, 0.01] and between the aggressive IP (109.4 ± 16.7ml 100 g21 min21) and non-aggressive IP cases [(a): *2, p, 0.01]. No
significant difference was observed between SCC and aggressive IP. In the ROC curve analysis (b), the AUC, sensitivity, specificity and accuracy for
the differentiation of SCC and IP were 0.97, 0.91 (30/33), 1.0 (5/5) and 0.92 (35/38) with the threshold of 85–109ml 100 g21 min21 [(a); *3]. Lines of
thresholds for the sensitivity of 1.0 [(a): *4, 52–64ml 100 g21 min21] and specificity of 1.0 [(a): *5, 85–109ml 100 g21 min21] are shown.
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non-aggressive IP were 141.2 ± 33.1, 77.8 ± 31.5, 109.4 ±
16.7 and 58.8 ± 19.9ml 100 g21 min21, respectively.
There was a significant difference in TBF values be-

tween the SCC and IP groups (p, 0.001) (Figure 3). In
the subgroup analysis, significant differences in TBF
among the three groups were revealed by ANOVA.
Post hoc tests revealed significant differences between
SCC and non-aggressive IP (p, 0.01), and between the
aggressive IP and non-aggressive IP (p, 0.01). By
contrast, there was no significant difference between the
SCC and aggressive IP cases (Figure 4).
In the receiver operating characteristic curve analysis,

the area under curve, sensitivity, specificity and accuracy
for the differentiation of SCC and IP were 0.92, 0.91 (30/
33), 0.87 (7/8) and 0.90 (37/41) with the threshold of
106–109ml 100 g21 min21. The thresholds on the sensi-
tivity of 1.0 and specificity of 1.0 were 64 and 127ml 100
g21 min21 (Figure 3). In addition, the area under curve,
sensitivity, specificity and accuracy for the differentiation
of SCC and non-aggressive IP were 0.97, 0.91 (30/33), 1.0
(5/5) and 0.92 (35/38) with the threshold of 85–109ml
100 g21 min21. The thresholds on the sensitivity of 1.0
and specificity of 1.0 were 52–64 and 85–109ml 100 g21

min21, respectively (Figure 4).
In the assessment of CCP findings, all patients with

IP were determined the positive CCP. In patients with
SCC, 5 were determined the positive CCP and 28 were
negative CCP. Diagnostic sensitivity, specificity and
accuracy were 0.85 (28/33), 1.0 (8/8) and 0.88 (36/41),

respectively, only by using CCP findings. By combining
the CCP findings and the TBF value for differentiation
of IP and SCC, the diagnostic accuracy was elevated to
0.95 (39/41) with the sensitivity of 0.97 (32/33) and
specificity of 0.87 (7/8) (Figure 5).

A case example of the TBF map in both SCC and IP
is, respectively, shown in Figure 6.

Discussion

Our study’s results revealed a significant difference in
TBF between the SCC and IP cases. The viability and
blood supply in malignant tumours such as SCCs have
been considered large because of their high progression
rate and metabolism.13,14 The pCASL technique has
been used to reveal such higher vascularity in SCCs
non-invasively. By contrast, the TBF values in our
present study’s patients with IP were significantly lower
than those in the SCC group. We suspect that this is
because such a large blood supply was not necessary for
the IPs that were benign and did not have a high pro-
gression rate such as that of SCCs.

In light of these findings, we propose that the mea-
surement of TBF values can be used as one of the di-
agnostic tools for the differentiation of SCC and IP.
Although there were several overlaps in TBF values of
our patients with SCC and IP, 100% sensitivity was
revealed for the TBF value of 64 ml 100 g21 min21 and

Figure 5 Two-dimensional plot graph with the presence of convoluted ceribriform pattern (CCP) findings and tumour blood flow (TBF). Two-
dimensional plot graph with the TBF values on the vertical axis and the presence of CCP findings on the horizontal axis was shown. By the
combination use of CCP findings (*) and setting the range of 106–109ml 100 g21 min21 at the threshold of TBF (*2), the highest diagnostic
accuracy of 0.95 (39/41) with sensitivity of 0.97 (32/33) and specificity of 0.87 (7/8) was obtained. Most of the patients with IP can be successfully
detected by using this threshold and the imaging findings of CCP with few overlaps with patients with squamous cell carcinoma (grey area).
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100% specificity was also revealed for 127ml 100 g21

min21. These values can be useful as additional in-
formation for differentiating SCC and IP.

To our knowledge, there has been no report describing
the diagnostic value of TBF values to differentiate SCC
and IP, and the present study is the first to indicate the
utility of TBF for this differentiation with excellent in-
terobserver agreement of TBF measurement. Moreover,
pCASL can be performed completely non-invasively
because it does not require a contrast agent. The clinical
utility of TBF measurement using pCASL is apparent,
especially for patients with renal failure, as its use avoids
the risk of contrast agent-induced nephropathy and
nephrogenic systemic fibrosis.

To differentiate SCCs and IPs, a well-known crite-
rion is the conventional MRI finding of CCP, which
was described as a band-like appearance of high and
low intensity on T2WI or CE-T1WI. Several studies
reported a high detection rate of the CCP (80–100%) in
patients with IP.6,7,15 Especially, Jeon et al7 reported
that the CCP was detected by CE-T1WI in all 30 patients
with IP in their study population. This indicates that
the imaging finding of CCP has very high sensitivity
for the detection of IP. However, Jeon et al7 reported
that the CCP was also detected in several patients with
SCC; this overlap was considered to make it difficult to
differentiate SCCs and IPs. Actually, study population of
the present study of five patients with SCC were detected
CCP findings on T2WI. In addition, the detection of the
CCP from MR images of T2WI or CE-T1WI was con-
sidered sometimes difficult for radiologists who are not
familiar with the interpretation of MR images in IP
cases. Moreover, it was reported that the CCP was not
detected in a few patients with IP by only T2WI, al-
though the CCP was successfully detected by CE-T1WI.
Compared with the imaging finding of the CCP, a TBF
evaluation has an advantage because, with it, it is easy to
determine the diagnosis by simply using the TBF value
itself with a certain threshold, with no need for time-
consuming image interpretation to detect the finding of

the CCP. Depending on various clinical situations, we
can set the threshold for high sensitivity or high speci-
ficity as needed. By using the combination of CCP
findings and TBF values, the present study revealed the
elevation of diagnostic accuracy for the differentiation of
SCC and IP. As mentioned above, CCP findings were
sometimes detected in SCC as well as IP. However, from
the findings of the present study, we can indicate the
diagnosis of SCC when much higher TBF was observed
by pCASL, even if imaging findings of CCP were ob-
served in the tumour. From this point of view, if possible,
assessment of both CCP findings and TBF value by
pCASL will be suggested more useful for the accurate
diagnosis.

Another notable finding of the present study is the
significant difference in TBF that was observed between
the aggressive IP and non-aggressive IP cases. This
finding indicates that the range of TBF values differs
between aggressive and non-aggressive type IPs. We
suspect that there is another possibility for the assess-
ment of IPs by using the TBF value. In a long-term
follow-up, IP was reported to have turned out to be an
IP with malignancy; typically, SCC was arisen.16 It is
likely that a non-aggressive IP changed gradually to the
aggressive type of IP and had an increased tendency of
invasion and destruction of the peripheral structure, and
it finally completely turned into SCC. By using fluorine-
18 fludeoxyglucose positron emission tomography/CT,
the maximum standardized uptake value was reported
to be useful for the differentiation of IPs with malig-
nancy and without malignancy.17 By contrast, in light
of the results of the present study, the TBF in an IP will
be expected to increase when the tumour is turning into
the aggressive type or into a malignant tumour from
a non-aggressive IP. The TBF value can thus also be
useful as a follow-up tool for the detection of IPs with
malignancy from those without malignancy (such as the
maximum standardized uptake value obtained by
fluorine-18 fludeoxyglucose positron emission tomo-
graphy/CT).

Figure 6 Case examples of tumour blood flow (TBF) maps of squamous cell carcinoma (SCC) and inverted papilloma (IP) cases. T2 weighted
images (T2WI) and TBF map in a patient with SCC (a, b) and a patient with a non-aggressive IP (c, d). From these T2WI images, the
differentiation of SCC and IP was difficult. However, higher TBF was observed in the TBF map of the SCC patient (b, arrows), whereas low/
moderate TBF was observed in that of the patient with IP (d, arrowheads). This TBF difference contributed to the differentiation.
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Our study has one major limitation: the number of pa-
tients with IP (n5 8) was very small. However, it may be
difficult to match the patient numbers between IP and SCC
cases because IPs are not common. Furthermore, long-term
studies of greater numbers of patients with IP are needed.

Conclusions

In conclusion, pCASL technique can be a useful non-
invasive diagnostic tool for the differentiation of SCCs
and IPs in the nasal or sinonasal cavity.
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