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Abstract

Background: Dynamic contrast-enhanced MR imaging (DCE-MR) is be-
coming a widely accepted complementary method for diagnosing breast can-
cer and other cancers in adults. It is useful to predict tumor response to anti-
cancer therapy and monitor the tumor response to the therapy. This form of
imaging techniques has not been adequately explored in pediatric oncology
patients. Objective: To determine the potential role of dynamic contrast-
enhanced MR imaging (DCE-MR) in the diagnosis and treatment response
monitoring of childhood and young adult extra-cranial tumors in routine
clinical setting. Methods: Children with suspected extra-cranial solid tumors,
including newly diagnosed or follow-up cases of confirmed tumors, were re-
cruited. DCE-MR was performed with intravenous injection of 0.1 mmol/kg
contrast. The enhancement time curves were plotted and the enhancement
patterns were categorized into type 1, 2 and 3 curves. Enhancement curve
patterns and maximal enhancement intensity were compared with types of
tumor in newly diagnosed cases. The preoperative percentiles of inactive area
on the colour map were compared with the necrotic areas on histologic sec-
tions of the resected specimens in follow-up cases. Pearson Chi-square test
and Unpaired two-sample t-test were used for statistical analysis. Results:
There were 36 patients, involving 28 malignant and 8 benign cases. There
were 14 type 3 curves, (all of them were malignant tumors), 6 type 2 curves
and 16 type 1 curves. All the benign cases (n = 8) demonstrated type 1 curve
(accuracy & negative predictive value = 100%). All the malignant cases after
treatment showed type 2 or 1 curve. For those cases with operation done af-
terwards, the extent of tumor necrosis was correlated closely with pathology
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findings (accuracy = 93.3%). Conclusion: Type 1 curve was a good predictor
of benign lesion. DEC-MR may have a role to play in the monitoring of the
progress of treatment and extent of tumor necrosis.
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1. Introduction

Radiologists are often required to provide information on clinical questions such
as diagnosis, staging, treatment response, and detection of either residual or re-
current lesions in oncology patients. MRI is a useful tool in assisting the diagno-
sis, defining the extent of diseases and monitoring the response to therapy. Dy-
namic contrast-enhanced MR imaging (DCE-MR) is becoming a widely ac-
cepted complementary method for diagnosing breast cancer and other cancers
in adults [1] [2]. It can help to monitor the effect of anti-angiogenic treatment
response [3] [4]. But this form of imaging techniques have not been adequately
explored in pediatric oncology patients. There were not many applications in
pediatric extra-cranial tumours.

Previous studies using DCE-MR demonstrated that malignant tumors usually
showed faster and higher levels of enhancement than normal tissue [2]. This
enhancement characteristic indicated that malignant tumors have increased
vascularity and endothelial permeability to the contrast molecules than that of
normal or less aggressive malignant tissues. Weidner et a/. [4] demonstrated that
in many tumors such as breast, lung, prostate, and head and neck cancer, the
measurements of microvascular density made on histopathological samples cor-
related closely with clinical stage and acted as an independent prognostic factor
of considerable sensitivity. The relationship could be due to the rapid tumor
growth which could only be supported by highly active angiogenesis. The more
aggressive tumors were therefore associated with higher angiogenesis-related
microvasculature abnormalities. On the basis of this histopathological evidence
it had been suggested that DCE-MR might be able to provide additional inde-
pendent indices of angiogenic activity and therefore acted as a prognostic indi-
cator in a broad range of tumor types. DCE-MR time intensity curve (TIC) pat-
terns are categorized to three types: type 1, persistently enhancing (progressive),
which is suggestive of less angiogenic; type 2, plateau type, which has an inter-
mediate probability for malignancy; and type 3, washout type, which is indica-
tive of malignancy with a lot of angiogenesis [2] [5]. DCE-MR is also useful to
predict tumor response to anticancer therapy and monitoring the tumor re-
sponse to the therapy [6] [7] [8].

This study tried to explore the possible role of DCE-MR in the diagnosis and

treatment response monitoring of childhood and young adult extra-cranial tu-
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mors in routine clinical setting.

2. Materials and Methods
2.1. Subjects

This was a prospective study. From 2014 to 2016, all children and young adults
younger than 20 years old attending the oncology clinic with suspected extra-
cranial tumors were recruited for MR examinations. All examinations were done
in the Department of Radiology in our local institution, involved patients in-
cluding newly diagnosed or follow-up cases of malignant tumors. Follow-up
cases were those who underwent neoadjuvant chemo- or radiotherapy. This
study was approved by the Institutional Review Board in our hospital. Informed
consent was obtained from the parents. Newly diagnosed cases with no diagnos-

tic biopsy and follow-up cases with no post-treatment operation were excluded.

2.2. MR Imaging

MR imaging was performed using a 1.5T superconducting whole-body imager
(GE Signa Horizon Echospeed, Milwaukee). Conventional MR examinations in-
cluding TIW and T2W images were performed and dynamic axial scan was then
conducted using three-dimensional FSPGR sequences (TR: 200 - 300 ms, TE: 2
ms, flip angle:70 degrees, slice thickness: 5-10mm depending on the size of tu-
mour, imaging matrix: 256 x 128 — 160, No. of excitation: 1) after intravenous
injection of 0.1 mmol/kg Gadolinium contrast. The size of the needle was 22
Gauge with an injection rate about 2 ml/second. For very small children, we
used hand injection. The image acquisition time of each phase was 15 s - 30 s
depending on the number of slices. Images were taken immediately after the in-

jection and continued up to 5 minutes.

2.3. MRI Quantitative Analysis

Post data analysis was conducted using Functool software. A region of interest
(ROI) was placed in the lumen of the nearest large artery to evaluate the arterial
input function. Consecutively, perfusion and tissue-blood ratio were calculated
and colour mapping was generated. ROIs were drawn around its highest vascu-
larised and different parts of the tumour or mass according to the different dis-
tribution on the colour map. Additional ROIs were also placed at adjacent nor-
mal muscle or tissue for comparison. Signal intensity (SI) values were measured
in operator-defined ROIs. The SI values derived from the ROIs were plotted
against time as time intensity curve (TIC). TIC was plotted and the enhance-
ment patterns were divided into type 1, 2 and 3 curves. Type 1 curve showed a
gradual continual persistent rise after the arrival of the arterial bolus (progres-
sive). Type 2 curve showed relatively rapid increase after the arrival of the arteri-
al bolus and then became plateau or static. Under Type 3 curve, TIC demon-
strated a sharp rise of contrast enhancement in the tumor after the arrival of the

arterial bolus and then followed by a steeper wash-out (Figure 1).
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Figure 1. Schematic diagram showing different patterns of curves: Type 1 (black), Type 2
(blue) and Type 3 (red).

The curve patterns and maximal enhancement intensity (SI,,) were corre-

max
lated with the type of tumours (pathological confirmed) in first diagnosed cases.
For those follow-up cases of tumors after neoadjuvant chemo or radiotherapy,
MR was performed within a few days before the operation. The tumour inactive
area was defined by the area of lack of signal changes on the color map and TIC
curve. The percentile of tumour inactive area was defined as the ratio between
inactive area and the overall tumour volume. The preoperative percentile of in-
active area on the colour map was compared with the necrotic areas on his-

tologic sections of the resected specimens.

2.4. Statistical Analysis

Statistical analyses were performed using SPSS version 15.0. Pearson Chi-square
test
2
(0_E)

x :ZT (1)

was used to test the dependence of types of tumor upon types of curve. The ob-
served frequency (O) and the expected frequency (E) for each type of curves
were used to calculate the ¥ value.

Unpaired two-sample t-test

1_x2
po_ X x @)
sI* 52
74_7)
N1 N2
was used to analyse the relationship between type of tumor and the SI,,, (x1 =
ST« mean of benign tumor, x2 = SI, mean of malignant tumor, sl = SD of

benign tumor, s2 = SD of malignant tumor, N1 = samples size of benign tumor,
N2 = samples size of malignant tumor) The calculated T statistic value was used

to decide if there is a significant difference in the S,

max

between the benign and
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malignant tumor.

A p-value < 0.05 (two-tail) was considered to be statistically significant.

3. Results

A total of 36 studies (M = 29, F = 7) were performed, with average age 9.87 yrs
old and with ages ranging from 1 month to 20 years old. There were 28 malig-

nant cases and 8 benign cases (Table 1).

3.1. Newly Diagnosed Cases

There were 21 newly diagnosed cases including 3 intra-abdominal, retroperitoneal

Table 1. Demography of all patients including newly diagnosed and follow-up cases.

Type of Tumor Sex Age (Years)  Follow-up with repeat study
Chronic granulomatous tissue M 4 No
Osteomyelitis M 1.6 No
Stress fracture F 9 No
Neurofibroma M 20 No
Neurofibroma M 2.8 No
Thigh Fat necrosis M 10 No
Ganglioneuroma M 0.7 No
Fibromuscular tissue F 7 No
Osteogenic sarcoma M 10 Yes
Pelvic neuroblastoma M 0.2 Yes
Neuroblastoma F 3 Yes
Arm pPNET M 15 Yes
Osteogenic sarcoma F 6 Yes
Osteogenic sarcoma M 13 Yes
Langerhans cell of Histiocytosis M 4 No
Neuroblastoma M 4 Yes
Paraspinal PNET M 14 Yes
Paraspinal PNET M 15 Yes
Osteogenic sarcoma M 14 Yes
Carcinoma pancreas M 18 No
Rhabdomysarcoma F 6 No
Ewing sarcoma M 20 Yes*
Neuroblastoma M 8 Yes*
Osteogenic sarcoma M 12 Yes*
Neuroblastoma M 8 Yes*
Neuroblastoma M 3 Yes*

*Follow-up cases only.
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or pelvic neuroblastoma; 4 distal femur or fibular osteogenic sarcoma, 1 Lan-
gerhans cell Histiocytosis in femur, 1 upper limb and 2 paraspinal peripheral
primitive neuroectodermal tumour (pPNET), 1 parapharyngeal rhabomyosar-
coma. They all showed type 3 curve at the most active area (Figure 2).

Their mean S,

max

was about 712 (range = 200 - 1200). There was 1 case of car-
cinoma of pancreas which showed a type 2 curve. The SI,, was 200. There were
8 benign cases (fibular osteomyelitis = 1, jaw chronic granulomatous tissue = 1,
paraspinal ganglioneuroma = 2, submandibular fibromuscular tissue = 1, sub-
mandibular neurofibroma = 1, fracture tibia = 1, thigh fat necrosis = 1). They all
demonstrated type 1 curve patterns and the mean SI,, was about 350 (range =
200 - 400). There was statistical significance (p = 0.0391, <0.05) in the correla-
tion of type 3 curve with malignant tumor and type 1 curve with benign tumor
by using chi-square test. By applying the unpaired two-sample t-test, the means
of the S, had significant difference (p < 0.05) between the benign (mean =
333) and malignant (mean = 572) groups (Figure 3). The negative predictive
value of type 1 curve (Figure 4) was 100%.

3.2. Post-Treatment Cases

There were 15 post-chemotherapy cases and 16 follow up scans (neuroblastoma
= 6, pPNET = 3, osteogenic sarcoma = 5, pelvis Ewing sarcoma = 1). The max-
imal enhancement intensity (S7,,,) of all cases was about 300 - 400 on the follow
up scans. Due to the different patterns of enhancement in different tumours and
different patients, we compared the enhancement patterns within the same pa-
tients.

Among 6 cases of intra-abdominal, retroperitoneal or pelvic neuroblastoma,
there were 2 type 1 curves and 4 type 2 curves after treatment. They all showed

greater than 50% central necrosis according to the color map. Among 3 pPNET,

Figure 2. 3-year-old boy with Pelvic Neuroblastoma. DCE-MR axial image before che-
motherapy. (a) Axial Color image showing area of maximal enhancement (Yellow to red).
No significant non-active area seen. Region of interest was placed at the hypervascular
area and showed (b) Type 3 curve, a sharp rise followed by a steeper wash-out. The hori-
zontal red line is arrival time of the arterial bolus. Maximal enhancement intensity (SZ,,,)
was 850.
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Figure 3. The pathological findings versus maximal enhancement intensity graph show-

ing benign tumors had lower maximal enhancement intensity (SZ,,.) compared to malig-

max

nant tumors.

Figure 4. 7-year-old girl with benign fibromuscular tumor of left submandibular gland.
DCE-MR axial images of the tumor. (a) Axial Color image showing area of maximal en-
hancement (Yellow) and (b) type 1 curve. The horizontal red line is arrival time of the
arterial bolus. Maximal enhancement intensity (SZ,,,) was 400.

max.

one arm pPNET case showed heterogeneous peripheral type 3 curve with center
type 1 - 2 curve during the first scan, but type 1 - 2 curve on the second fol-
low-up scan irrespective of the increasing size of the tumor. Peripheral type 3
curve with center type 1 - 2 curve with area of necrosis was noted on the third
scan. It was found that an enlarged axillary lymph node compressed onto the
axillary vessels during the second scan and it reduced in size during the third
scan. The other 2 paraspinal pPNET cases showed type 1 curves with greater
than 90% necrosis on the follow-up. The pelvic Ewing sarcoma showed type 1
curve with greater than 90% central necrosis. For the 5 cases of osteogenic sar-

coma, 4 cases showed type 1 curve with greater than 90% central necrosis and 1
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case showed peripheral type 3 curve with 50% central necrosis. Surgical resec-
tions were performed after chemotherapy and the percentage of central necrosis
was correlated well with the pathology findings (accuracy = 93.3%, n = 14/15)
(Figure 5, Figure 6, Table 2).

TIME GRAPH

WW: 255WL: 127

Figure 5. 15-year-old boy with arm peripheral primitive neuroectodermal tumor
(pPNET). DCE-MR axial image before chemotherapy. (a) Axial image showing region of
interest at hypervascular region (No 1) and near necrotic area (No 2) (38%) (b) type 3
curve at hypervascular region (No 1) (87, 750) and type 1 curve at necrotic area (No 2)

Maximal signal intensity (SZ,,,.) was 350.

max

(a) (b)

Figure 6. 15-year-old boy with arm peripheral primitive neuroectodermal tumor
(pPNET). DCE-MR axial images at the third follow-up before surgery. (a) Axial Color
image showing hypervascular region (red) and (b) type 2 curve at most active area (S7,,,,
380).

4. Discussion

In our study, most of the tumors were peripheral solid tumors of musculoskelet-
al or blastoma origins. The initial result was encouraging. We found that type 3
curve pattern applied to many newly diagnosed malignant extra-cranial solid tu-

mors irrespective of their location, such as Ewing sarcoma, pPNET, Langerhans
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Table 2. Comparison between pre- and post-treatment follow-up DCE-MRI in 15 patients.

Type of Pre-treatment Post-treatment Pre- Post-treatment Pre-treatment Post-treatment Post-treatment
Tumor Curve type Curve type treatment  Mean S, Mean Mean Pathology
Mean S, percentile of  Percentile of  percentile of
not active area not active area necrotic area
(2)
Neurobststoma 3(n=6) 1(n=2) 700 350 (periphery) 0% 50% 50%
2(n=4) 700 350 (periphery) 0% 50% 50%
Arm PNET 3(n=1) Periphery Type 3 750 380 (periphery) 38% 70% 50%
& central type 1/2  (periphery)
(n=1)
Spinal PNET 3(n=2) 1(n=2) 400 300 (periphery) 20% 90% 90%
Pelvic Ewing sarcoma 3(n=1) 1(n=1) 700 300 (periphery) 0% 90% 90%

Osteogenic sarcoma  Periphery type 3 & Periphery type 3 & 1050 600 (periphery)  48% (n =4) 90% (n =4) 90% (n =4)

central 1/2 (n=5)

central 1/2 (n =5) (periphery) 17% (n=1) 50% (n=1) 50% (n=1)

a. Correlation with the pathology findings accuracy = 93.3% (n = 14/15).

cell of Histiocytosis, rhabomyosarcoma, intra-abdominal and pelvic neuroblas-
toma. All of our first diagnosed osteogenic sarcoma showed type 3 malignant
curve patterns at the peripheral active area.

The Ewing’s family tumors including Ewing’s sarcoma and peripheral primi-
tive neuroectodermal tumor (pPNET) are the second most common malignant
osseous tumors in children and adolescents. The pre-operative chemotherapy
response by histological analysis is of prognostic value. The standard threshold
separating good responders from poor is greater than 90% necrosis (less than
10% viable tumor) [9]. Neuroblastoma and other solid tumors are similar to
other muscular tumors and response to chemotherapy is also considered good if
there is significant tumor necrosis. Our study demonstrated the usefulness of
DEC-MR in the prediction of different degree of necrosis or response to treat-
ment on the follow-up scans. The degree of necrosis correlated well with the pa-
thology findings except for 1 case of pPNET in the arm. This was probably due
to an enlarged axillary lymph node compressing on axillary vessels, thus im-
pairing the flow dynamic of TIC.

Osteogenic sarcoma often requires biopsy for definitive diagnosis. Evaluating
response of bone sarcoma to initial chemotherapy by imaging methods is a chal-
lenge. Even with large necrotic area inside the tumor bulk, the tumor may not
shrink significantly. This is due to the extensive osteoid and bony matrix which
will remain static after chemotherapy [10]. At present, the gold standard for as-
sessing the effects of chemotherapy is still histological examination of the re-
sected tumor [6] [11] [12] [13]. Response is considered favorable if there is at
least 90% tumor cell necrosis [14]. The degree of response is an important
prognostic factor that can be used to plan post-surgical treatment and to optim-
ize the timing of surgery [6] [7] [14] [15].

DCE-MR of osteogenic sarcoma had been performed and validated against
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histological analyses of en bloc resections following initial chemotherapy. The
results of these studies had demonstrated accuracies of approximately 90% for
discrimination of response [16] [17] [18] [19] [20]. One study showed DCE-MR
was a prognostic factor for event-free survival and overall survival before treat-
ment, and was indicative of histologic response to neoadjuvant therapy [21]. In
the assessment of the percentile of necrosis and thus the degree of response to
the chemotherapy in our follow up scans, all of our cases correlated well with the
pathology findings. Our findings in osteogenic sarcoma were comparable with
the other studies.

We demonstrated that all benign tumors showed type 1 curves and all of their
maximal enhancement signals (SI,,,) were less than 350. Though limited in
number, the cases in our study showed that the negative predictive value of type
1 curve for malignant tumor was 100%. It is therefore tempting to suggest that
type 1 curve together with SI ., < 350 may be reliable indicators to differentiate
benign from malignant tumors in pre-treatment cases. This is particularly useful
for the planning of operation.

However, there were limitations in our study. Our sample size and characte-
ristics of the samples were small. Our samples were a mixture of different tu-
mors. The number of paired pre and post-treatment patients were small and li-
mited. A larger sample size is desirable to further confirm our findings and to
improve statistical power. In one case of intra-abdominal carcinoma of pancreas,
type 2 curve was found. We considered that the TIC for this kind of tumor was
not specific. DCE-MR might not be useful in this kind of intra-abdominal tu-
mor. In one case of arm pPNET tumor, the presence of axillary lymph node im-

paired the blood flow, thus affecting our accuracy.

5. Conclusion

Despite small sample size, our results were very encouraging. In routine clinical
practice, our study showed that DEC-MR might be useful in the differentiation
of benign and malignant extra-cranial solid tumor in children and young adults.
Based on our findings, type 1 curve with S, less than 350 is suggested as an
additional indicator to assist in the differentiation of benign tumors in
pre-treatment cases. We also think that DEC-MR may have a possible role in the
monitoring of treatment response in extra-cranial childhood solid tumors. The
lack of irradiation has an advantage over CT or PET in pediatric applications.

However, a larger study is needed to further confirm our findings.
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