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Objective: To characterize the multidetector CT (MDCT)

imaging characteristics of mucinous tubular and spindle

cell carcinoma (MTSCC) and collecting duct carcinoma

(CDC) of the kidney.

Methods: 21 patients with MTSCC and 18 patients with

CDC were studied retrospectively. MDCT was undertaken

to investigate differences in tumour characteristics.

Results: Five patients with MTSCC had calcifications as did

nine patients with CDC (p50.108). In three patients with

MTSCC and four patients with CDC, the tumours had a clear

boundary (p50.682). No patient with MTSCC had retro-

peritoneal lymph node metastasis as did five patients with

CDC (p50.015). 16 patients with MTSCC showed homoge-

neous enhancement, whereas 11 patients with CDC showed

heterogeneous enhancement (p50.025). The attenuation

value of CDC tumours was greater than that of MTSCC and

normal renal parenchyma on an unenhanced CT (p50.027).

MTSCC and CDC tumour enhancement was less than the

normal renal cortex and medulla in all phases (p,0.001).

Tumour enhancement was greater for CDC than that for

MTSCC in all phases (p50.011, p50.006 and p50.052).

Conclusion: Unenhanced and dynamic MDCT may aid

in diagnosis and differentiation of MTSCC and CDC of

the kidney.

Advances in knowledge: This is the first series evaluating

the imaging findings of MTSCC and CDC of which we are

aware, and identification of such findings may improve

diagnosis of these two rare tumours.

INTRODUCTION

Mucinous tubular and spindle cell carcinoma (MTSCC)

and collecting duct carcinoma (CDC) are both uncommon

subtypes of renal cell carcinoma (RCC).1 MTSCC and

CDC have been described to affect primarily adults.

MTSCC is more common in females, whereas CDC is

more common in males. Symptoms with both tumour

types may include backache, abdominal pain and fever,

although patients are commonly asymptomatic, and they

are found incidentally.1,2 CDCs develop from the distal

segment of the collecting duct in the renal medullary

pyramids and are indistinguishable from MTSCC on im-

aging studies. MTSCC and CDC share similar oncogenic

and histological features and some imaging findings such

as their medullary location, the attenuation of tumour,

hypovascular enhancement pattern, infiltrative pattern of

growth etc.2 Despite these common features, MTSCC and

CDC exhibit differences in prognosis. MTSCC is an RCC

subtype with overall favourable prognosis compared with

other RCCs, including slower growth and significantly

lower rates of metastases, progression and death. Nephron-

sparing surgery has been recommended for MTSCC by

many authors,2,3 with many studies increasingly confirm-

ing good long-term results and excellent patient survival.3

By contrast, a radical operation is advocated by many

surgeons for CDC.3 The typical CDCs have a poor prog-

nosis with many being metastatic at presentation. About

two-thirds of patients die of their disease within 2 years of

diagnosis.4 Therefore, an accurate diagnosis is important

for guiding the clinical treatment. The purpose of the

present study was to retrospectively characterize multi-

detector CT (MDCT) characteristics, which lead to the

histological diagnosis of MTSCC and CDC.

METHODS AND MATERIALS

Patients

This study was approved by the institutional research ethics

committee. A retrospective search of pathology records and

picture archiving and communications system identified

21 patients with MTSCC and 18 patients with CDC, who

http://dx.doi.org/10.1259/bjr.20140434
mailto:wujingtaodoctor@163.com


were hospitalized at Subei People’s Hospital between 2001 and

2014. Details of patients’ age, gender, tumour size, surgery or

biopsy confirmation, metastasis and clinical symptoms were

recorded.

CT imaging technique

CTexaminations were performed by using 16-slice [LightSpeed®

Ultra; GE Healthcare, Milwaukee, WI (n5 7)] or 64-slice

[Somatom® Definition; Siemens AG, Medical Solutions, For-

chheim, Germany (n5 32)] detector row scanners. 19 cases with

MTSCC and 17 cases with CDC underwent unenhanced pre-

contrast CT scan, and all patients underwent contrast-enhanced

CT scan. Parameters included detector collimation of

64.03 0.6mm, gantry rotation time of 0.5 s, pitch of 1.4, tube

voltage of 120 kVp and abdominal reference tube current of

230mAs. All images were reconstructed from the contrast-

enhanced CT scan with 0.75-mm slice thickness and 0.5-mm

reconstruction increment. Contrast-enhanced CT scan was

started by continuously injecting a bolus of 80–100ml of

iopromide (320mgml21; Schering, Berlin, Germany) followed

by 40ml of saline solution into an antecubital vein via an

18-gauge catheter (injection rate 5ml s21). Unenhanced imaging

was performed before administering the intravenous con-

trast agent. The enhanced CT scans began after 20 s for the

arterial phase (cortical phase), 65 s for the corticomedullary

phase (medullary phase) and 300 s for the excretory phase

(delayed phase).

Pathological examination

At surgery and gross evaluation, specimens were assessed for

shape; cystic components; fibrous capsule; invasion into the

renal calyx, pelvis or ureter; and invasion into the renal vein or

inferior vena cava. All renal tumours were confirmed to be

MTSCC or CDC by pathology and immunohistology.

Imaging analysis and statistics

Two radiologists with more than 10 years’ experience each,

blinded to the final diagnosis, reviewed the CT images in con-

sensus at a picture archiving and communication system

workstation. The imaging parameters included tumour position,

size, cystic or necrotic component, calcification, tumour atten-

uation on unenhanced CT scans, lymphadenopathy, perinephric

stranding, hydronephrosis, presence or absence of a clear tu-

mour boundary (capsule sign), vascular invasion and metastasis.

The degree of enhancement [in Hounsfield units (HU)] on

different phases of the enhanced CT scans was thereafter

assessed.

Infiltrative growth was characterized by the lack of clear cir-

cumscriptions. However, expansive growth was defined as well-

marginated, bulging tumour circumscriptions that displaced the

normal renal parenchyma.

For the tumour, the measured area (the region of interest) was at

the centre of the mass in order to avoid partial volume effects;

however, intratumoral calcification and cystic components if

present were avoided. Unenhanced tumour HU was classified as

mildly high if .10HU and high if .20HU compared with

normal renal parenchyma.

The normal renal cortex and medulla were measured in un-

involved unilateral renal cortex and medulla. 10-mm regions of

interest were measured three times for each phase, and the mean

value was used. The enhancement pattern of the tumour was

classified as homogeneous or heterogeneous.

Statistical analysis

Statistical analysis used SPSS® v. 13.0 statistical software (IBM

Corp., New York, NY; formerly SPSS Inc., Chicago, IL). Data are

expressed as mean 6 standard deviation, and count data are

expressed as percentage. Evaluated characteristics were com-

pared using x
2 test, Fisher’s exact test, independent-samples t

test, analysis of variance and post hoc test (Tukey). Values of

p, 0.05 were considered statistically significant.

RESULTS

Clinical and CT imaging features of mucinous tubular

and spindle cell carcinoma and collecting

duct carcinoma

The study included 21 patients (14 females and 7 males) with

MTSCC and 18 patients (8 females and 10 males) with CDC.

The mean age at diagnosis was slightly lower for patients with

MTSCC (46.3 years; range, 29–67 years) than for those with

CDC (48.8 years; range 20–67 years, p5 0.732). The presenting

symptoms of MTSCC and CDC included flank pain (nine

patients with MTSCC and eight patients with CDC), haematuria

(six patients with CDC), palpable mass (three patients with

CDC) and fever (seven patients with MTSCC and four patients

with CDC).

19 patients (90%) with MTSCC and 18 patients (100%) with

CDC had single tumours (p5 0.490). 20 patients with MTSCC

and 16 patients with CDC had solid tumours (95% vs 89%,

p5 0.586, Table 1). Cystic components were visible in 7 patients

with MTSCC and 11 patients with CDC (33% vs 61%,

p5 0.113, Table 1). There was evidence of calcifications in five

patients with MTSCC tumours and nine patients with CDC

tumours (24% vs 50%, p5 0.108, Table 1). In three patients

with MTSCC and four patients with CDC, the tumours had

a clear boundary (14% vs 22%, p5 0.682). 16 patients with

MTSCC (76%) showed homogeneous enhancement, whereas

11 patients with CDC (61%) showed heterogeneous enhance-

ment (p5 0.025). No patient with MTSCC had retroperitoneal

lymph node metastasis as did five patients with CDC

(p5 0.015). The tumour compressed the renal pelvis in

10 patients with MTSCC and 11 patients with CDC (48% vs

61%, p5 0.523). On unenhanced CT, the attenuation of

MTSCC (32.36 2.8HU) was lower than that of CDC (46.76

2.9HU, p5 0.013), normal renal cortex (35.16 4.2HU,

p5 0.046) and medulla attenuations (33.96 3.1HU, p5 0.069).

MTSCC and CDC tumour enhancement was less than the en-

hancement of normal renal cortex and medulla, in all phases

(p, 0.001, Table 2). Tumour enhancement was greater with

CDC than that with MTSCC, in all phases (p5 0.011, p5 0.006

and p5 0.052, respectively, Table 2).

Surgical/gross observation and follow-up

21 patients (100%) with MTSCC underwent surgery. In 18 cases

(86%), the masses were oval; 3 masses (14%) were irregular in
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shape and 7 masses (33%) had small cystic components. Neither

lymph node nor distant metastasis was found. In three cases

(14%), the tumours were surrounded by fibrous capsules. They

underwent total nephrectomy with a satisfactory outcome. No

adjuvant therapy was given, and they were alive without mani-

festing disease or any other signs or symptoms during 5–13 years

of follow-up.

18 patients (100%) with CDC underwent surgery. In 17 cases

(94%), the masses were oval; 1 mass (5%) was irregular in shape

and 11 masses (61%) had cystic components. Five patients with

CDC (28%) had retroperitoneal lymph node metastasis. Nine

patients (50%) had haemorrhage. In four cases (22%), the tumours

were surrounded by fibrous capsules. In this study, all 18 patients

with CDC underwent radical nephrectomy, and 17 patients (94%)

could be followed up. Seven patients (39%) expired within 5 years

of the initial diagnosis, while the others are still alive.

There was no evidence of invasion into the renal pelvis or calyx,

renal vein, inferior vena cava or ureter with either disease.

Pathological findings

Microscopic sections of MTSCC tumour from two different patients

are shown in Figures 1 and 2, respectively. Histological analysis

indicated that MTSCC tumour cells showed tubular and spindle cell

areas together with mucinous or myxoid stroma (Figures 1d and

2c). Immunochemistry staining demonstrated positive CK18 (11

1, n521), vimentin (11, n521), cytokeratin 19 (CK19) (11,

n518), 34bE12 (111, n517) and CK AE1/AE3 (11, n519).

Haemorrhage or desmoplasia were not found in any of our cases

with MTSCC.

Microscopic sections of CDC tumour from two different

patients are shown in Figures 3 and 4, respectively. Histological

analysis indicated that CDC tumour cells showed tubular, pap-

illary, tubulopapillary, pseudopapillary, cribriform and solid

patterns (Figures 3d and 4d). Immunochemistry demonstrated

positive vimentin (11, n5 16), CK8/18 (11, n5 16), 34bE12

(111, n5 12) and CK19 (11, n5 14). Haemorrhage was

found in nine cases with CDC (50%).

DISCUSSION

MTSCC is a rare low-grade polymorphic renal epithelial neo-

plasms with mucinous tubular and spindle cell features.3

Histologically, they are composed of tightly packed, small,

elongated tubules separated by pale mucinous stroma.4 These

tumours have a complex immunophenotype and stain for

a wide variety of cytokeratins. Our pathological analysis

showed clear positivity for CK proteins, such as CK18, in all

cases we examined.

Table 1. Mass locations and CT findings in MTSCC and CDC

Main CT findings MTSCC (n5 21) CDC (n5 18) p-value

Solitary mass 19 18 0.490

Solid mass 20 16 0.586

Cystic components 7 11 0.113

Calcifications 5 9 0.108

Capsule sign 3 4 0.682

Centred in the medulla 19 16 1.000

Compressed the renal pelvis 10 11 0.523

Haemorrhage 1 9 0.002

Homogeneous enhancement 16 7 0.025

Lymph node metastasis 0 5 0.015

CDC, collecting duct carcinoma; MTSCC, mucinous tubular and spindle cell carcinoma.

Data are given as the number of patients (n).

Table 2. CT attenuation of the renal cortex, medulla, MTSCC and CDC

Phase Renal cortex (n5 36) Renal medulla (n5 36) MTSCC (n5 21) CDCa (n5 18) p-value

Unenhancedb 35.16 4.2 33.96 3.1 32.36 2.8 46.76 2.9 0.027

Corticomedullary 189.76 8.3 77.96 5.3 49.26 4.7 66.16 5.8 ,0.001

Nephrographic 199.86 11.6 117.36 8.6 69.96 8.1 93.86 9.7 ,0.001

Delayed 107.86 7.9 97.36 6.1 59.26 6.1 63.26 6.3 ,0.001

CDC, collecting duct carcinoma; MTSCC, mucinous tubular and spindle cell carcinoma.
aEnhancement was higher in CDC than in MTSCC, in all phases (p50.011, p50.006 and p50.052, respectively).
bOn unenhanced CT, attenuation of MTSCC was lower than that of CDC, the renal cortex and the medulla (p50.013, p50.046 and p50.069,

respectively).
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CDC constitutes ,1% of all RCCs and is characterized by ir-

regular angulated infiltration of the collecting duct tubules with

desmoplastic stroma.5 Approximately 100 cases with CDC have

been reported previously in the literature; mean age at diagnosis

is 55 years, although it varies over a wide range, and there is

a 2 : 1 male predominance.6 Histopathologically, CDC shows

Figure 1. (a–d) Mucinous tubular and spindle cell carcinoma of the right kidney in a 59-year-old male. Axial unenhanced CT image (a) shows

a poorly defined hypodensemass (arrow) in themedulla. The attenuation of themasswas 29HU. Axial contrast-enhancedCT image acquired

in the corticomedullary phase (b) shows mild enhancement (47HU), which is less than the enhancement seen in the cortex and the medulla;

tumour boundary is unclear (arrow). Axial image in (c) shows slightly increased attenuation of the tumour (61HU, arrow) in the nephrographic

phase. Haematoxylin and eosin staining of the tumour (d) shows tubular and spindle cell pattern (original magnification, 3400).

Figure 2. (a–c) Mucinous tubular and spindle cell carcinoma of the left kidney in a 60-year-old male. Axial contrast-enhanced CT

image acquired in the corticomedullary phase (a) shows mild enhancement (50HU), which is less than the enhancement in the

cortex and the medulla; tumour boundary is unclear (arrows). Axial image (b) shows slightly increased attenuation of the tumour

(69HU, arrows) in the nephrographic phase together with cystic components. Haematoxylin and eosin staining (c) shows the

presence of tubular and spindle cell areas together with mucinous or myxoid stroma (original magnification, 3400).
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tubular, papillary, tubulopapillary, pseudopapillary, cribriform

and solid patterns.7 The tumour cells strongly express

vimentin, 34bE12, CK19, CK8/18 etc., similar to MTSCC.

It is interesting that MTSCC and CDC share similar oncogenic

and histological features and some imaging findings such as

their medullary location, hypovascular enhancement pattern,

Figure 3. (a–d) Collecting duct carcinoma of the right kidney in a 30-year-old female. Axial unenhanced CT image (a) shows an

isodense mass in the medulla (black arrow); attenuation of the mass was 46HU, and a cystic component was noted (white arrow).

Axial image (b) shows moderate, heterogeneous enhancement (62HU, black and white arrows) in the corticomedullary phase. In

the nephrographic phase (c), attenuation of the tumour increased to 92HU (black and white arrows). Haematoxylin and eosin stain

(d) shows tumour cells exhibiting a tubular and papillary growth pattern (original magnification, 3400).

Figure 4. (a–d) Collecting duct carcinoma of the left kidney in a 46-year-old male. Axial unenhanced CT image (a) shows a clearly

defined hyperdense mass (52HU, arrow) in the renal medulla. Axial contrast-enhanced CT image (b) shows mild enhancement (71HU)

in the corticomedullary phase, which is less than the enhancement of the cortex and the medulla; tumour has a clear boundary (arrow).

Axial image (c) shows increased attenuation of the tumour (93HU) in the nephrographic phase (arrow). Haematoxylin and eosin stain

(d) shows tumour cells exhibiting a tubular and tubulopapillary growth pattern (original magnification, 3400).
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infiltrative pattern of growth etc. Although MTSCC and CDC

have been relatively well described in pathological studies,7–9

comparative studies of CT appearances are scant, particularly in

combination with histopathological examination. In routine

clinical work, the rate of correct differential diagnosis on im-

aging is low for MTSCC9 and CDC. This is likely due to both

a low incidence and a low level of awareness. Thus, there is

a relative dearth of comparative imaging characterization of

these two tumours. Moreover, patients with MTSCC have

a better prognosis than CDC after total nephrectomy or local

resection.10 The prognosis of MTSCC seems to be favourable;

only one example has been reported with metastasis, and this

tumour is best considered as a low-grade carcinoma.10 CDCs are

now widely regarded as a more aggressive variant carcinoma.

The prognosis is poor with many being metastatic at pre-

sentation. Thus, an accurate diagnosing is important for guiding

the clinical treatment. Our data suggest a constellation of im-

aging features that can help identify the two tumour subsets.

CDC is visualized as a hyperdense mass, whereas MTSCC is seen

as an isodense or hypodense mass on unenhanced CT. The

enhancement degree of MTSCC is lower than CDC during

all phases.

Histopathologically, MTSCC and CDC arise from the medulla,

which distinguish them from the typical clear cell RCCs that

arise from the renal cortex. Imaging and surgery show that small

MTSCC and CDC are located in the medulla, whereas a large

tumour can displace the renal pelvis, grow into the renal cortex

and even protrude through the renal capsule.11 Both lymph

node and distant metastases can occur.12 Other types of tumours

may also involve the renal medulla, e.g. parts of clear cell

RCC,13,14 transitional cell carcinoma,15 squamous cell carci-

noma16 and chromophobe RCC.17 It is difficult to differentiate

MTSCCs and CDCs from other tumours if only relying on tu-

mour position. Other characteristics may be helpful, e.g. about

94% of cortical clear cell RCCs, the most common subtype,

exhibit an expansible appearance with exophytic growth that

disrupts the reniform contour,18 and enhancement is often

similar to the cortex. Transitional cell carcinomas arise from the

collecting system and may cause hydronephrosis.19 Chromo-

phobe RCCs may have a spoke-like pattern in some cases.

Segmental enhancement inversion was found to be a character-

istic enhancement pattern of renal oncocytoma.

Attenuation of renal parenchyma typically ranges from 30 to 40HU

on unenhanced CT scan; a hyperattenuating renal mass is higher

than that of the surrounding renal parenchyma and is at least

40HU but commonly no higher than 90HU.20,21 Our results show

that CDCs appear as hyperattenuating solid tumours, whereas

MTSCCs appear as isodense or hypodense masses. Other

authors22,23 reported that the pathological basis for hyperdense

appearance of a tumour on unenhanced CT was mainly minimal

intratumoral haemorrhage (haemosiderin deposition). On pathol-

ogy, we found nine cases (50%) of CDC, whereas only one case

(5%) of MTSCC with intratumoral haemorrhage (haemosiderin

deposition) (p50.002). This pattern is different from tumours with

high-attenuation solid masses including clear cell RCCs, angio-

myolipomas with minimal fat,24 oncocytomas25 and papillary

RCCs. RCCs .3 cm often contain intratumoral necrosis,

haemorrhage, cystic components and calcifications and are usually

of the clear cell variety.26 Papillary RCCs are commonly homoge-

neous, when poorly differentiated, but often have necrosis and cystic

change and, in such a situation, may appear heterogeneous which is

similar to CDC. However, papillary RCCs may be multifocal and

bilateral and tend to be,2 cm in size at diagnosis and hypovascular.

In our study, MTSCC and CDC tumour enhancement was lower

than the enhancement of normal renal cortex and medulla in all

enhanced phases (p, 0.001). Enhancement was higher in CDC

tumours than in MTSCC in all phases (p5 0.011, p5 0.006 and

p5 0.052, respectively). This enhancement pattern is atypical of

tumours with hypervascularity such as clear cell RCCs,27 renal

medullary carcinomas,28 renal angiomyolipomas and renal

angiomas.29

Renal medullary carcinoma is seen in young people (mean age

22 years) with sickle-cell trait. It is often possible to anticipate

the correct diagnosis with imaging studies. Metastatic deposits

such as cervical nodes or brain tumour may be the initial evi-

dence of disease. Centrally located tumours with an infiltrative

growth pattern, invading renal sinus, are typical. Caliectasis

without pelviectasis and tumour encasing the pelvis are also

described.28 The degree of enhancement of clear cell RCCs is

commonly higher than that of the renal cortex. These findings

suggest that it may be relatively easy to distinguish MTSCC and

CDC tumours with hypervascularity on the basis of differences

in enhancement.

In common with MTSCC and CDC, papillary RCC, chromo-

phobe RCCs and metanephric adenomas are hypovascular com-

pared with the renal parenchyma on enhanced CT imaging.30 The

majority of papillary RCCs show mild enhancement during all

enhanced phases. Furthermore, papillary RCCs may be multifocal

and bilateral and tend to be ,2 cm in size at diagnosis; less en-

hancement and a direct comparison study would be helpful dis-

similar to that seen with MTSCC and CDC. Chromophobe RCCs

may have a spoke-like pattern in some cases.

Most renal tumours in general grow by radial expansion with

displacement of the normal parenchyma, focal bulging of the

renal contour and pseudocapsule formation. Infiltrative growth

was a less common pattern, which differs from those of cortical

clear cell RCCs, the most common subtype, which exhibit an

expansible appearance with exophytic growth that disrupts the

reniform contour.31 In our study, only three cases with MTSCC

(14%) and four cases with CDC (22%) had obvious complete or

near-complete boundaries on CT scan (capsule sign), which was

best seen in the delayed phase. This is consistent with previous

pathological and surgical findings,31 and it may be a feature that

distinguishes MTSCC and CDC from papillary RCC, well-

differentiated clear cell RCC, chromophobe RCC, Wilm’s tu-

mour and RCC associated with Xp11.2 translocation/TFE gene

fusion, all of which have a clear boundary.

Retroperitoneal lymph node metastasis was noted in no cases

with MTSCC and five cases with CDC (28%, p5 0.015).

MTSCC and CDC rarely invade into the renal pelvis, calyx or

renal vein, whereas clear cell RCC more commonly invades into
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inferior vena cava or ureter. Clear cell RCC is commonly asso-

ciated with lymph node metastasis and renal vein infiltration.

Hence, different biological behaviours of the tumours may also

provide useful diagnostic information.

RCC, the most common neoplasm of the adult kidney accounts

for 2–3% of all malignant diseases in adults. Although imaging

techniques for abdominal screening have increased the in-

cidental detection of renal tumours, 25–30% of patients still

have metastases at presentation. Metastatic RCC is one of the

most treatment-resistant malignancies, and patients have a dis-

mal prognosis with a ,10% 5-year survival rate. The identifi-

cation of markers that can predict potential metastases will have

a great impact on improving the patient’s outcome. A novel

monoclonal antibody raised against bilitranslocase has been

proposed for use as a marker of transition from normal tissue to

neoplastic transformation in human kidney.32

Information regarding the clinical behaviour of these two

tumours is limited owing to their rare incidence. All of our

21 patients with MTSCC were alive without manifesting dis-

ease or any other signs or symptoms during 5–13 years of

follow-up. However, out of 18 patients with CDC, 7 patients

(39%) expired within 5 years of the initial diagnosis, whereas

the others are currently still alive. Although the clinical course

of these patients is rather indolent, routine follow-up is still

mandatory. The correct distinction of these tumours can lead

to better understanding of their clinicopathological differences,

which should aid in developing individualized manage-

ment plans.

Our study has several limitations. First, pathological speci-

mens were sectioned in a variety of planes, but only axial,

sagittal and coronal planes were available on CT images.

Therefore, it was difficult to meticulously correlate the im-

aging findings with the histopathological figures. Second, few

patients were included in the study, and finally, the retro-

spective nature of this study might have introduced some form

of patient selection bias.

In conclusion, MTSCC and CDC are both rare subtypes of RCC

with special pathological features. Precise diagnosis based on CT

imaging findings alone remains difficult. However, we clearly

demonstrated imaging features that may help to distinguish the

two tumour types. Further research is needed to verify our

findings in larger patient populations.
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