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Abstract. A novel methodis introducedfor predictingthe effect of preopea-
tive chemotherapyn patientswith osteosarcomahe methodis basedon the
histogramof wash-inratesasestimatecy fitting a pharmacokinetienodelto
eachvoxel within a region of interest.The 80-percentileof this histogramis
the bestpredictorfor the effect of chemotherapyamong7 goodand 13 poor
respondersolely 4 were predictedwrongly. The kappameasuras 0.560,and
is significantly different from zerowith a p-value smallerthan, p<0.01. Our
gold standards the pathologicspecimenfrom which the responsdo cheno-
therapy is assessed, above/below 10% viable remnant tumor.

1 Introduction

The effectof preoperativdneoadjuvantghemotherapyn high-gradebonetumorsis
animportantprognosticindicatorfor the expectedsurvival rate of patients.Patients
for whom the preoperativechemotherapyesultedin lessthan 10% viable tumor —
so-calledgood responders — havesignificantly betterprospectdor five-yearsurvival
than patients with more than 10% viable remnant tumor.

An earlier study indicateda high correspondencbetweenthe presenceof viable
remnantbonetumor and a fast up-takeof paramagnetid¢racer (Gd-DTPA) in pa-
tientswith Ewing’s sarcomd[1]. This is causedby the dispositionof Ewing’s sa-
comato form isolatedislands(remnants)which can clearly be distinguishedon a
macroscopidevel in histologic specimenof the postoperativetumor due to their
intensebasophilicproperties. Osteosarcomagn the other hand, exhibits a different
reactionto preoperativechemotherapyesulting in microscopicnestswith viable
remnanttumor that interwove areaswith necrosis,granulationtissueand normal
bone cortex. It is hard to assegsntitativelythe amountof viable remnanttumorin
preoperativeMR-imagesof patientswith osteosarcombecaus®f this intermingling
patternof viable and necroticareas.To circumventthis problem,we introducedif-
ferent aggregatemeasuredor the effect of preoperativechemotherapyin patients
with osteosarcoma.



In the sequel,we introducea novel statisticfor predictingwhethermore or less
than 10% viable tumor remainsafter patientswith osteosarcomaavebeentreated
with preoperativechemotherapyThe nonparametricstatisticis basedon two pha-
macokineticparametergstimatedor eachvoxel in a region of interest(ROI). The
statisticcombineghe estimatedvash-inrate (k;) andthe maximalenhancemenga)
pervoxel in the ROI. It is demonstratedhat the absolutecharacterof the wash-in
rate — virtually an acceleration term — makes it suited absoluteestimatorfor the
responsdo chemotherapyThe usefulnesf the approachis illustratedfor twenty
patients with osteosarcoma who obtained preoperative chemotherapy.

2 Materialsand methods

2.1 Subjects

In total 20 patientswith osteosarcomayerified by biopsy, were included in our
study.All patientshadreceivedpreoperativeehemotherapyccordingto an EORTC
protocol. Amongthe 20 patients sevenrespondedvell to chemotherapyesultingin

lessthan 10% viable remnanttumor as estimatedrom the histologic sectionof the
post-chemotherapyesectedspecimen.The tumors in the remaining 13 patients
showed a poor response to chemupsg.

2.2 MR imaging

Subsequerib preoperativeehemotherapyMR examinationrwasperformedon 0.5 T
super-conductive&syroscan(Philips, Best, The Netherlandshy meansof a surface
coil. Besidesthe static T;-weightedand T,-weightedMR-images,one, two or three
sectionswere selectedfor T;-weighteddynamiccontrast-enhanceidnaging using a
magnetizatiorpreparedmaginggradientrecalledechotechnique . The dynamicMR
images were acquired withrepetitiontime (TR) of 12 ms (independenof the num-
ber of sections)an echotime (TE) of 5.7 ms, and a prepulsedelay of 741 ms. The
flip anglewassetto 30 degreesThe field-of-view varied per patientdependingon
the size of the tumor. All MR-imageswereacquiredwith a matrix size of 256x256
voxels,a slice thicknessof 8 mm anda slice gap of 12 mm. The dynamiccontrast-
enhancedVR imageswere acquiredwhile an intravenousbolus injection of Gd-
DTPA (Magnevist) wasgiven followed by a salineflush. For eachMR section,47
to 60 dynamic MR images were acquired with a temporal resolution of 3.3 sec.

2.3 Pharmacokinetic analysis

In an earlier study, we investigatedthe possibility of locating (macroscopicyem-
nantswith viable tumor in postchemotherappatientswith Ewing’'s sarcoma[1].
This approachcannotbe usedto assesshe effect of preoperativechemotherapyn
patientswith osteosarcoméecauseelevantstaining differencescannotbe reca-



nizedat the macroscopidevel. However,it canbe expectedhatthe averagedensity
of capillarieswill be higherin a tumor of a poorrespondethanin a patientwith a

very good responsgo chemotherapyWe proposeto perform aggregatedgharma-

cokinetic analysisof patientswith osteosarcomafter completionof preoperative
chenotherapy to assess their response.

The pharmacokineti@nalysisis basedon the two-compartmentnodelintroduced
in [1]. The modelcharacterizeshe exchangeof tracerbetweenthe arterialand the
extracellularcompartmentslt modelsthe infusion of the contrasttracerin the arte-
rial compartmenasa Dirac pulse.The following differential equationscapturethe
exchange of tracer between the arterial compartment
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with C, the concentratiorandV, the volumeof tracerin the arterialblood. C, is the
concentratiorof tracerin extracellularwater,k; andk;, the (half-life) transferrates
from the bloodto the extracellularspaceandfrom the blood to the kidneys,respe-
tively. Solving these equation results in a bi-exponential equation [1]
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The dynamic MR image sequencecan be usedto analyzethe pharmaokinetic
propertiesof a tumor. Define the dynamicMR signalby f(x,y,zt), a function of the
threespatialcoordinategx,y,2) andthe time t. The parametersf Eq. (3) are est-
matedfor eachvoxel (x,y,2) within a regionof interest,(x,y,2) 0 Q, asa function of
time t. The fit is obtainedby minimizing the residual sum per voxel (x,y,2), Z;
£(x,y,zt), which is performed by the Levenberg tdaart algorithm [2].

The fit procedureresultsin a vector with pharmacokinetigparameterdor each
voxel within the regionof interestQ, r(x,y,2=(a(x,y,2),mu(x.y,2),m(x.y,2) to(x.y,2)".
Theseparametersan be visualizedin the form of parametricimageswhere each
imageindicatesareaswith a high anda low amplitude(a), wash-inrate (my), wash-
out rate (my) and local arrival time (tp), respectively.Like Bonnerotet al. [3], we
define a set of nonparametricstatisticsbasedon the distribution of wash-inrates
within the conditionalregion of interestQ(a). Define the i'th percentile,P;, of the
distribution of wash-in rates by

P =m(xy, z),{carc(ml(x', Y, Z)<m(xy,2)/cardm (XY, z))}: i,

o (4)
(X,y.72).(xy.2) 0Q(a)



Predicting the response to chemotherapy from MR-images
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Figure 1. Twenty patientsrankedaccordingto the 80-percentileof the wash-inrate
inside the region of interest. The study contained7 good and 13 poor responderdo
preoperativechemotherapyThe vertical line, 0.09, indicatesthe best discrimination
between the good and the poor responding patients.

with card(@) denotingthe numberof elementsn a setandthe conditionalregion of
interestbeing Q(a)={(x,y,20Q | a(x,y,2>amin}. The pharmacokineticanalysisis
restricted to the subset of voxelsnfor which thesignalenhancemergxceed®min,
becausehe wash-inrate, my(x,y,2), cannotbe estimatedwith confidencewhenthe
signal enhancemenis at the sameorder of magnitudeas the noise presentin the
dynamic MR-signal.

3 Resaults

The predictionby our statistic— the  Taple1

80-percentile of the histogram of  Contingencytable showingthe correspondence
wash-inrates- into good and poor  betweenthe assessmenfrom analysisof the
responderss illustratedin Figure1. MR-images and the gold standard obtained
It is clear that the good responders _Tom pathology.

have a much smaller amount of Pathology
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good and 2 poor responders,are
predicted wrongly, see Table 1.
Consequently80% of the patientswere predicted correctly. The kappavalue is
0.560,which is significantly different from zerofor p<0.01. The high significance
level obtainedfor a sampleof 20 patientsshowsthat our absolutemeasurefor the
effect of preoperative chemotherapy has a high predictive power.

In the histogramausedto computethe statisticin Figure 1, the minimal amplitude
was setto anin=10. We recomputedthe wash-in statistic for other values, an, 0



{0,5,10,20,50}, but the 80-percentileresultedin the samefour patientsbeing mis-
classfied.

Also other percentilesfrom the histogramwere investigated,the 50-percentile
(median), the 90- and the 95-percentiles. Moreover, the predictive powermoé#me
wash-in ratevasinvestigatedHowever,all thesestatisticsgavea poorerdiscrimina-
tion between the two groups of responders than did the 80-percentile.

4 Discussion

We haveintroduceda novel statistichasedon the histogramof the wash-inparame-

ric imageto predictthe responsego chemotherapyn patientswith high-gradeos-

teosarcoma according to a generiterion, above/belowl 0% viable remnanttumor.
Althoughthe MR-signalexpresses relative measurdor the relaxivity of the tissue
understudy, the wash-inrate definedin our pharmacokinetianodelis an absolute
(accelerationjerm, which doesnot directly dependon the absolutevalue of the MR-

signal.However,becausehe wash-inrate cannotbe estimatedvith high confidence
when the signal enhancemenis small comparedto the noise presentin the MR-

signal, it is necessaryo removeunreliablewash-inratesfrom the histogrambefore
the derived statistics are computed.

The fact that the other statistics we computed resulted in po@dictionsof the
effectof chemotherapyis ascribedto insensitivityand over sensitivity. The median
and meanof the histogramare too insensitiveto a small numberof scattedvoxels
with a high wash-inrate. The 90- and 95-percentilespn the other hand, are too
sensitiveto noiseand outliersin the histogram.We believethat the 80-percentile
givesthe besttrade-off betweensensitivity to highly perfusedvoxelsand robustness
to noise and outliers.
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