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4.1 Introduction

Histological response to pre-operative chemotherapy is an important prognostic factor 

in high-grade osteosarcoma. It has an important role in therapeutic management(1). 

Regrettably, it can only be assessed after a full chemotherapy regimen followed 

by resection. It would be advantageous to be able to predict histological response 

at an earlier stage in treatment. Because the majority of osteosarcomas occur in 

children, the method used should preferably be non-invasive, easy to plan, and 

not too demanding for the patient. In 1995 vd Woude et al showed Color Doppler 

Ultrasound to be reliable in predicting response after a full course of chemotherapy(2). 

The equipment used in their study however, is not widely commercially available. 

The aim of our study was to establish whether not only histological response to 

chemotherapy, but also survival in children with osteosarcoma, could be predicted 

with CDUS using widely available ultrasound equipment.

4.2 Patients and methods

Study design was prospective. 23 Consecutive children were included, in whom a 

high-grade osteosarcoma of one of the extremities was diagnosed, and confirmed by 

biopsy. The Medical Ethical Committee of the hospital approved the study. Informed 

consent by proxy was obtained before patients were included. Two patients were 

excluded from the study, because their parents found it inconvenient for them to 

travel to the hospital for the 2nd ultrasound scan. Of the remaining 21 patients, 12 

were female and 9 male, with a mean age of 12.4 years at diagnosis (range 6 years 

8 months to 17 years 3 months). The tumor was located in the distal femur in 14 

patients, in the proximal tibia in 4, the proximal fibula in 1, the proximal humerus in 

1, and the distal humerus in 1 patient.

Nineteen Tumors were staged IIB, according to Enneking(3), 2 Patients had 

metastasis at diagnosis (stage III). Eighteen tumors were of the conventional type, 

1 was a high-grade surface osteosarcoma, 1 a small cell osteosarcoma, and 1 a 

telangiectatic osteosarcoma. Treatment of the patients was not influenced by the 

study. The clinical team was not aware of the ultrasound studies results.

All patients were initially treated with 3 cycles of chemotherapy according to the 

protocol of the European Organization for Research and Treatment of Cancer(4)  

with combinations of cisplatin, adriamycin, doxorubicin and methotrexate. 

All patients but one were treated surgically after chemotherapy: 8 underwent 

amputation; 7 patients had rotationplasty according to van Nes-Borggreve(5); 

5 patients had limb salvage surgery performed (local resection, followed by 

reconstruction). In one patient there was significant tumor growth and development 
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of metastases during chemotherapy. No operation was performed, only palliative 

treatment was given. This patient was not analyzed in respect to chemotherapy 

response.

After resection the tumor specimens were evaluated by a pathologist, specialized 

in bone tumor pathology (HB). He was also unaware of CDUS results. Response to 

chemotherapy was assessed according to the protocol of the European Osteosarcoma 

Intergroup. A good response is defined as less then 10% viable tumor in the specimen 

(Huvos III and IV)(6;7).

Ultrasound studies were done before and after chemotherapy. The first ultrasound 

study was done before the start of chemotherapy, just after the diagnosis was 

established. The second ultrasound study was performed 1 to 2 weeks after the 

completion of the full chemotherapy regimen (3 cycles), and just before resection 

was carried out.  

Ultrasonography was performed with a high resolution 7.5 MHz linear array 

transducer (Acuson �P 128, Acuson corp., Mountain View, California, and Aloka 

SDD-1700, Aloka Co., Tokyo, Japan). All ultrasound studies were performed by 

one of two operators (FMG, MM). Ultrasound studies in a patient before and after 

chemotherapy were always performed by the same operator. 

The blood flow pattern in the soft tissue component of the tumor was evaluated 

using Color Doppler imaging. The whole outer surface of the tumor was examined to 

identify the vessel with the highest flow. Then, angle correction was performed and 

the Peak Systolic Velocity (PSV) was measured. 

Secondly spectral analysis of the feeding artery proximal to the tumor localization was 

done. The contra lateral corresponding artery was used as a control. The subclavian 

artery was used for tumors in the humerus, the common femoral artery for femoral 

tumors, the popliteal artery for tumors in the lower leg. 

Figure 4.1 shows the flow pattern of the femoral artery of a patient with an 

osteosarcoma in the distal femur before and after chemotherapy. The Resistive Index 

(RI) was calculated from the Peak Systolic Velocity (PSV) and End Diastolic Velocity 

(EDV) in the artery (RI  = PSV – EDV / PSV). In accordance to the method of vd Woude 

et al(8), the Quotients of Resistive Index in the artery of the extremity with the tumor 

and the healthy leg were calculated (QRI). Both parameters were measured and 

compared before and after chemotherapy. In a pilot study, carried out before the 

actual study, a PSV decrease of 20% or more seemed to be the level at which good 

chemotherapy response occurred.  Based upon this, a good response with CDUS was 

defined as being a decrease in the PSV of at least 20% in the soft tissue component 

of the tumor, as well as an increase in the QRI of the feeding artery (any increase). 

CDUS results were compared with histological response and with survival.
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FIGURE 4.1 Example of the flow pattern of the femoral artery in a patient with an osteosarcoma of the 
distal femur. In Figure 4.1-A the pattern before chemotherapy is showing a loss of the normal trifasic 
pattern, with an end diastolic velocity > 0. In Figure 4.1-B the pattern after chemotherapy is normalized 
to a trifasic one, with end diastolic velocity = 0. The Resistive Index (RI) was calculated from the Peak 
Systolic Velocity (PSV) and End Diastolic Velocity (EDV): RI  = PSV –EDV / PSV.

A

B
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To evaluate differences in PSV change and QRI change between the different patient 

groups (chemotherapy responders versus non responders and survivors versus non 

survivors) an unpaired t-test was used with level of significance 0.05.

4.3 Results

Response to chemotherapy was scored as Huvos II-III in 2 patients, so they could 

not properly be scored as good or poor chemotherapy responders.  In both of these 

patients the CDUS response was good. In order to take a critical approach to our 

results it was decided to consider them as poor chemotherapy responders.

Qualitative CDUS response is compared with histological response in table 4.1.

There was a good CDUS response in 7 patients, 5 of which had a good histological 

response. A poor CDUS response was seen in 14 patients, 1 of them was the patient 

with progressive disease during chemotherapy, mentioned in the Patients and 

Methods section. No surgery was performed on this patient. Of the other 13 patients, 

12 also showed a poor histological response (in 6 patients chemotherapy was scored 

as Huvos I, in 6 Huvos II). In 4 patients the CDUS parameters were contradictive. In 

3 of these patients there was a >20% decrease in PSV, but no increase in QRI. Two 

of these 3 patients showed a poor chemotherapy response, one a good response. 

In one patient the QRI increased, but there was no decrease of the PSV. This patient 

also showed a poor chemotherapy response.

According to these results the specificity of CDUS for predicting chemotherapy 

response was 86% and the sensitivity 83%. The predictive value of a good CDUS 

response for a correspondingly good chemotherapy response was 71% and the 

predictive value of a poor CDUS response for a poor chemotherapy response 92%.

Had both the above-mentioned patients with Huvos II-III been considered to be good 

chemotherapy responders, the specificity would have been 88% and the sensitivity 

100%. Likewise, the predictive value for good response would have been 100% and 

for poor response 92%.

Table 4.2 shows quantitative CDUS response compared with response to chemotherapy.

There was no difference in mean QRI between good and poor chemotherapy 

responders before chemotherapy.

The mean change in QRI was 15.17% in the 6 patients with a good chemotherapy 

response (standard deviation 12.73) and 3.85% in the 14 patients with a poor 

chemotherapy response (standard deviation 7.87).

This difference was statistically significant in a Students-T test (p=0.030).
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Table 4.1 - Qualitative CDUS versus Chemotherapy Response

Good CT response Poor CT response

Number of patients 6 14

PSV decrease >20% 6 4

PSV decrease <20% 0 10

Increase QRI 5 8

No increase QRI 1 6

Good CDUS response 5 2

Poor CDUS response 1 12

CDUS = Color Doppler Ultrasound; CT = Chemotherapy; PSV = Peak Systolic Velocity;  QRI = Quotient 
of Resistive Index; Good CDUS response is defined as both a decrease of >20 % in PSV, and an increase 
of QRI; Good chemotherapy response is defined as less then 10% viable tumor in the resection 
specimen(6;7)

Table 4.2 - Quantitative CDUS versus Chemotherapy Response

Good CT response Poor CT response p-value

Number of patients 6 14

Mean PSV before CT (m/s) 0.47 (0.23) 0.60 (0.36) 0.27

Mean PSV after CT (m/s) 0.23 (0.18) 0.45 (0.35) 0.06

Mean PSV change (%) -52.18 (21.11) 24.96 (140.92) 0.07

Mean QRI before CT (%) 81.83 (11.07) 88.07 (8.21) 0.26

Mean QRI after CT (%) 96.83 (6.21) 90.43 (9.11) 0.09

Mean QRI change (%) 15.17 (12.73) 2.57 (7.87) 0.03

Comparison of mean PSV and QRI, before and after chemotherapy, between patients groups with 
good or poor chemotherapy response. CDUS = Color Doppler Ultrasound; CT = Chemotherapy; PSV = 
Peak Systolic Velocity; QRI = Quotient of Resistive Index; Standard deviation between brackets; Good 
chemotherapy response is defined as less then 10% viable tumor in the resection specimen(6;7)  

Table 4.3 - Qualitative CDUS versus Survival

N.E.D. L.W.D./D.O.D.

Number of patients 9 12

PSV decrease >20% 6 4

PSV decrease <20% 3 8

Increase QRI 7 6

No increase QRI 2 6

Good CDUS response 4 3

Poor CDUS response 5 9

Comparison of CDUS response, between patients groups with different clinical outcome. CDUS = 
Color Doppler Ultrasound;  PSV = Peak Systolic Velocity; QRI = Quotient of Resistive Index; N.E.D. = no 
evidence of disease; L.W.D. = living with disease; D.O.D. = deceased of disease. Good CDUS response is 
defined as both a decrease of >20 % in PSV, and an increase of QRI
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Table 4.3 shows qualitative CDUS response, compared to survival.

The median follow-up in survivors was 63 months (30-84 months).

In the non-responder group, 5 patients were disease-free, 8 had died of metastatic 

disease (1 of whom also suffered local recurrence). 1 Patient was alive with metastatic 

disease, 36 months after diagnosis.

From these figures it can be calculated that specificity of CDUS for predicting survival 

was 75%, and sensitivity 44%. The predictive value of a good CDUS response for 

survival was 57%. The predictive value of a poor CDUS response for an adverse 

clinical course was 64%.

Table 4.4 - Quantitative CDUS versus Survival

N.E.D. L.W.D./D.O.D. p-value

Number of patients 9 12

Mean PSV before CT (m/s) 0.55 (0.36) 0.48 (0.30) 0.48

Mean PSV after CT (m/s) 0.32 (0.20) 0.49 (0.40) 0.07

Mean PSV change (%) -36.39 (30.48) 36.37 (152.69) 0.10

Mean QRI before CT (%) 86.89 (8.18) 86.58 (10.57) 0.37

Mean QRI after CT (%) 95.44 (6.58) 89.17 (9.52) 0.09

Mean QRI change (%) 8.67 (9.14) 2.83 (13.05) 0.23

Comparison of mean PSV and QRI, before and after chemotherapy, between patients groups with 
different clinical outcome. CDUS = Color Doppler Ultrasound; CT = Chemotherapy; PSV = Peak Systolic 
Velocity; QRI = Quotient of Resistive Index; Standard deviation between brackets N.E.D. = no evidence 
of disease; L.W.D. = living with disease; D.O.D. = deceased of disease.

Table 4.4 shows quantitative CDUS compared to survival. There was no difference 

in mean QRI or PSV between survivors and non-survivors before the start of 

chemotherapy. The mean QRI change in the patients without evidence of disease was 

8.67% (standard deviation 9.14). In the patients who developed metastatic disease 

the mean QRI change was 2.83 (standard deviation 13.05). The mean change in PSV 

was –36.39% in patients without evidence of disease (standard deviation 30.48) 

and 36.37 in patients with metastatic disease (standard deviation 152.69). These 

differences were not statistically significant (p-value in Students-T test were 0.23 and 

0.10 respectively).

Table 4.5 compares chemotherapy response to survival. Calculated from these 

figures the specificity of chemotherapy response for predicting survival was 73%, 

and sensitivity 33%. The predictive value of a good chemotherapy response for 

survival was 50%. The predictive value of a poor chemotherapy response for an 

adverse clinical course was 57%. This seems comparable with the predictive value of 

CDUS for survival.
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4.4 Discussion

Tumor necrosis after pre-operative chemotherapy remains the most important 

prognostic factor in osteosarcoma, although other factors, such as serum alkaline 

phosphatase level and tumor volume, gain importance(1). Cell necrosis after 

chemotherapy is taken into account when further therapeutic strategy is planned. 

However, this is only possible after chemotherapy, surgical resection of the tumor, 

and pathologic evaluation. Earlier, pre-surgical, prediction of histological response 

would have obvious advantages. Timing and type of operation could be adjusted, as 

could further chemotherapeutic treatment. 

Clinical and conventional radiological methods, including conventional MRI, have 

proven not to be reliable in predicting chemotherapy response(4;9;10). Angiography 

can be used to assess changes in tumor vascularity, but his method is invasive, and 

not very accurate in predicting chemotherapy response as well(11). The value of 

skeletscintigraphy remains controversial. Whole body and 3-phase scintigraphy do not 

seem of use in predicting response to chemotherapy(8;12-15). Reports about dynamic 

Thalium-scintigraphy are promising(16-18), as are more recent reports about Positron 

Emission Tomography(19-21). Published experiences with dynamic MRI are also 

promising. Although no prediction of response can be done during chemotherapy, 

response after completion of chemotherapy seems to be accurate(2;22-27). 

A disadvantage of all the above-mentioned methods is that small amounts of 

remaining viable tumor cannot be detected. Moreover these procedures are 

time-consuming, not entirely non-invasive and need patient compliance. Therefore 

they are not particularly suitable for children. For children a simple and short 

procedure, non-invasive, would be desirable.

Color Doppler ultrasound (CDUS) is such a non-invasive, short procedure. It can 

accurately assess tumor vascularity as demonstrated before by vd Woude et al. In 

his study however, Color Doppler Flow Imaging equipment was used where flow in 

the imaged tissue is measured directly, and non-dependent of angle correction. This 

equipment is not commercially widely available.

Table 4.5 - Chemotherapy Response versus Survival

N.E.D. L.W.D./D.O.D.

Number of patients 9 11

Good chemotherapy Response 3 3

Poor chemotherapy Response 6 8

Comparison of chemotherapy response between patient groups with different clinical outcome. N.E.D. = 
no evidence of disease; L.W.D. = living with disease; D.O.D. = deceased of disease. Good chemotherapy 
response is defined as less then 10% viable tumor in the resection specimen (6;7) 
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The ultrasound system used in our study is available now in most modern hospitals. 

The procedure is simple and lasts at the most 20 minutes. Children are not required 

to lie still all the time. No injections or other invasive actions are necessary. Because 

of the short duration of the procedure and the availability of the equipment, logistic 

planning is easy. These are clear advantages of the CDUS method compared to 

dynamic MRI. A conventional MRI will have to be carried out pre-operatively as 

well, to establish extent of the tumor and relation to surrounding tissues after 

chemotherapy. It will however be much shorter and less invasive then a dynamic MRI 

would be. Apart from this it will be less costly.

A disadvantage of the ultrasound method is that inter-observer variability could occur 

in the assessment of the PSV of the soft tissue component of the tumor, because 

the region with the highest flow has to be established visually by the observer. A 

similar inaccuracy could however also occur with MRI, because only a limited number 

of slices can be acquired and a region of interest has to be chosen. For the second 

parameter, the Resistive Index of the feeding artery, the risk of variability is less. The 

feeding artery usually can be identified easily. Because an Index is calculated the 

measurements are less dependent on an exact angle correction. The spectrum can 

be recorded and is therefore easier reproducible. Furthermore a comparison with the 

normal contra lateral artery is possible. 

Our results show that a negative response in ultrasound parameters, predicts a poor 

response to chemotherapy. The prediction of a positive response is less accurate. 

CDUS appeared of no use in predicting survival. This could be explained by the fact 

that CDUS, similar to other methods, does not detect small amounts of remaining 

viable tumor cells, because these have no effect on vascularity. One should also bear 

in mind that only the response of the primary tumor is assessed, not that of possibly 

already present micro metastases. Another factor that makes CDUS less accurate in 

predicting survival or chemotherapy response, is the fact that the resistive index (RI) 

of the main feeding artery is influenced not only by the tumor perfusion, but also by 

changes in the activity of the tumor bearing extremity, and possibly by other factors 

as well.

CDUS can predict chemotherapy response only after full preoperative chemotherapy. 

Thus preoperative treatment will not be influenced by the CDUS results. However, 

knowledge about response to chemotherapy will be useful in planning the operation. 

(both in timing and planning the extent of the resection). For instance, in the case 

of a tumor, close to the neurovascular bundle, that can only just be resected, the 

knowledge that chemotherapy response will be good could make the surgeon decide 

to postpone surgery and give another cycle of chemotherapy. This way the resection 

might become easier and safer. Also in the case of a good chemotherapy response, 

the decision to undertake limb saving surgery would be made easier. On the other 
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hand, if chemotherapy response is expected to be poor, one would be less inclined 

to take risks by performing limb saving surgery.

 Our conclusion is that CDUS is a relatively simple procedure, predicting chemotherapy 

response before surgery is carried out. The method is suitable for children with an 

extremity osteosarcoma. It could be a useful tool for therapeutic considerations 

pre-operatively, especially when there is a negative CDUS response.
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