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Chemotherapy for Malignant Gliomas Based
on Histoculture Drug Response Assay : A Pilot Study
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Objective : The Histoculture Drug Response Assay (HDRA), which measures chemosensitivity using minced tumor tissue on drug-soaked gelfoam,
has been expected to overcome the limitations of in vitro chemosensitivity test in part. We analyzed interim results of HDRA in malignant gliomas to
see if the test can deserve further clinical trials.

Methods : Thirty-three patients with malignant gliomas were operated and their tumor samples were examined for the chemosensitivity to 10 cho-
sen drugs by HDRA. The most sensitive chemotherapy regimen among those pre-established was chosen based on the number of sensitive drugs
or total inhibition rate (IR) of the regimen. The response was evaluated by 3 month magnetic resonance image.

Results : Among 13 patients who underwent total resection of the tumor, 12 showed no evidence of disease and one patient revealed progression.
The response rate in 20 patients with residual tumors was 55% (3 complete and 8 partial responses). HDRA sensitivity at the cut-off value of more
than one sensitive drug in the applied regimen showed a sensitivity of 100%, specificity of 60% and predictability of 70%. Another cut-off value of
>80% of total IR revealed a sensitivity of 100%, specificity of 69%, and predictability of 80%. For 12 newly diagnosed glioblastoma patients, medi-
an progression-free survival of the HDRA sensitive group was 21 months, while that of the non-sensitive group was 6 months (p=0.07).
Conclusion : HDRA for malignant glioma was inferred as a feasible method to predict the chemotherapy response. We are encouraged to launch

phase 2 clinical trial with chemosensitivity on HDRA.
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INTRODUCTION

Chemotherapy is assuming an increasingly important role in
treatment of malignant glioma. Early trials using a nitrosourea-
based chemotherapy regimen showed acceptable tumor re-
sponse rates of 30-50% in postoperative adjuvant or recurrent
tumors'>****%), While radiation has been recognized as a standard
therapy for malignant glioma, phase II or III studies of radiation
therapy with or without chemotherapy showed only a marginal
survival benefit at the cost of significant bone marrow suppres-
sion**1? except recent temozolomide concomitant chemoradio-
therapy for glioblastoma**.

Trials such as the opening of a blood-brain barrier, intra-arte-
rial delivery of chemotherapeutic drugs or a high-dose chemo-
therapy with autologous bone marrow transplantation have
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been tried to enhance the efficacy of chemotherapy for malig-
nant gliomas'®?"*). However, these methods have hardly proved
to be more effective than conventional chemotherapy.

Since early 1990s, investigators tried to define chemosensitivity
by various methods to predict tumor response!”!4%), Later, the
American Society of Clinical Oncology (ASCO) did not recom-
mend the chemosensitivity test to be used in clinical practice out-
side of the clinical trial setting after the review of literature re-
view*. Although the in vitro analysis for tailoring chemotherapy
to individual patients remains a priority, they claimed that several
technological limitations were still ‘not-solved’ at the time of re-
viewing process. Among those chemosensitivity tests, Histocul-
ture Drug Response Assay (HDRA), which supports three-di-
mensional growth of minced tumor tissue on a gel soaked in the
designated drug, has theoretical advantages, which can solve
those limitations in part by both eliminating the bias from cul-
ture passage and reflecting tumor environment including drug
diftusion into the tumor pieces. The studies using HDRA showed
80-100% evaluability and the results varied among individual pa-
tients with the same histological tumor®!182222729303640) Tpy pa-
tients with postoperative adjuvant chemotherapy, the HDRA
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sensitive group showed improved overall/progression-free sur-
vival (PES) compared to the non-sensitive group in gastric can-
cer®®, ovarian cancer®, endometrial cancer'?, and head and
neck cancer®. In studies, at which the sensitive chemothera-
peutic drugs were chosen based on the sensitivity results of
HDRA and applied to the patients, increased response or im-
proved survival rate was observed in patients whose tumors
were sensitive to HDRA®'%).

We retrospectively analyzed the HDRA results of malignant
glioma patients for evaluability and predictability of tumor re-
sponse. In addition, we evaluated the PES of patients, to whom
chemotherapy regimens applied based on HDRA sensitivity re-
sults, to evaluate if it is feasible to launch a phase 2 clinical trial.

MATERIALS AND METHODS

The clinical protocol was approved by the Institutional Re-
view Board of the Korea Cancer Center Hospital (former name
of Korea Institute of Radiological and Medical Science) in 2001.
Informed consent was obtained from all patients.

Eligibility criteria

Patients with histologically proven malignant gliomas (WHO
grade III or IV) whose fresh surgical specimens had been sent
to undergo HDRA were considered for enrollment in our study.
All patients enrolled met the following criteria : 1) age 18 to 65
years; 2) had received a chemotherapy regimen based on HDRA
result; 3) Karnofsky Performance Score (KPS) equal or over 50;
4) bone marrow function compatible to undergo chemotherapy
on complete blood count (CBC) profile (hemoglobin over 10g/
dL, leukocyte over 4000/pL, platelet over 100000/uL); 5) nor-
mal hepatic and renal function.

Patient characteristics

Thirty-five malignant glioma patients agreed to get HDRA.
Histological diagnosis included 21 of glioblastoma multiforme,
11 of anaplastic astrocytoma, 2 of anaplastic oligodendroglioma
and one of anaplastic pleomorphic xanthoastrocytoma. As two
newly diagnosed glioblastoma patients preferred to receive te-
mozolomide concomitant chemoradiotherapy (TMZ CCRT),
33 of them underwent a chemotherapy protocol according the
sensitivity result between 2002 and 2009. Mean age was 40.9
years (range 22-65). The number of female patients was 18 and
that of male patients was 15. Preoperative KPS was ranged from
50 to 100 (median 80). Tumor location was ‘hemispheric’ in 26
patients. In six patients, the tumor was extended to basal ganglia
and one patient had tumor at cerebellum. Extent of resection
was evaluated on postoperative magnetic resonance image
(MRI) within 48 hours. Thirteen patients had gross total remov-
al, and another 20 patients were proved to have residual tumors.
Twenty-one patients were newly diagnosed malignant glioma
and all of them received conventional radiation therapy (5000 to
7020 cGy) one to three months after the completion of chemo-
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therapy protocol. Twelve patients presented with recurrent tu-
mor at the entry of this study. There was no standard protocol
after completion of the postoperative chemotherapy for these re-
current patients. These demographic and clinical data according
to histopathology was summarized in Table 1.

Histoculture drug response assay

HDRA technique was the same as previously described in
the literature?®*?. Briefly, tumor specimen (approximately 1 cm
in diameter) excluding non-viable portions was freshly harvest-
ed from surgical field and contained aseptically to Dulbecco’s
Modified Eagle Medium (DMEM, Sigma) in 50 mL Falcon
tube. After pure mechanical mincing into pieces of approxi-
mately 1 mm in diameter, tumor samples were placed onto col-
lagen gels (Gel Foam, Pharmacia & Upjohn, Kalamazoo) im-
mersed in 1 mL of DMEM supplemented with 10% fetal bovine
serum and anti-cancer drugs of designated concentration on a
24 well plate. The drugs used are listed in Table 2. The designat-
ed in vitro testing concentrations were referenced to literatures
and adapted to HDRA culture condition to obtain inhibitory
concentration curvature in glioma samples through the evalu-
ability test®'*1**742) After incubation for at least 5 days at 37°C
with 5% CO, cell viability was tested by MTT [3-(4,5-Dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma] as-
say*®. 100 uL of 0.06% collagenase type I (Sigma) in DMEM
and 0.2% MTT in phosphate buffered saline containing 50 mM
sodium succinate (Wako Ind.) were added to each well. Plates
were incubated for another 4 hours, the medium was removed,
and 0.5 mL dimethyl sulfoxide was added to each well to ex-

Table 1. Clinical characteristics of patients according to histological
grade (n=33)

Histological grade
Characteristics WHO grade3  Glioblastoma
(n=14) (n=19)

Age

<40 9 8

=40 5 11
Gender

Male 7 8

Female 7 11
KPS

<70 3 6

=70 12 13
Newly diagnosed vs. recurrent

Newly diagnosed 9 12

Recurrent 5 7
Tumor location

Hemispheric 12 14

Basal ganglia/cerebellum 2 5
Extent of resection

Subtotal or less 8 12

Gross total 6 7

KPS : karnofsky performance score
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Table 2. The list of drugs tested with their in vitro concentrations

given for patients with grade III or IV

Concentrations  Sensitive per tested Mean inhibitory

myelosuppression (leucocytes <2000/

Drugs Abbreviations (ug/mL) patients* rate (+SD) uL, granulocytes <1000/uL). Platelet
Carboplatin CBP 10 5/19 25.3% (16.4) concentrations were transfused to pa-
Carmustine BCNU 4 8/28 16.9% (19_7) tients with grade IIT of CTCAE version
Cisplatin CDDP 10 18/32 36.3% (22.2) 2.0 (<50000/uL) era and grade IV of
Etoposide VP-16 50 12/32 21.0% (16.3) CTCAE version 3.0 (<25000/pL) era
Tfosfamide IFS 25 12/29 27.3% (18.8) gllr(’;lbocy_tozenll?tﬁr patients K‘th 3
Lomustine CCNU 1 7/26 18.9% (16.4) ceding episode. If the patients showe

grade IV leucopenia, febrile illness or
Methotrexate MTX 25 4/28 15.7% (19.1) K .

. symptomatic bleeding, we recommend-

Nimustine ACNU 20 8/28 20.1% (18.0) e . .

ed hospitalization and neutropenic pre-

1 0,

Procarbazine PCB 10 7126 20.7% (16.7) cautions were taken. Chest X-ray, liver
Vincristine VCR 2 13/30 22.9% (17.6)

function test, blood urea-nitrogen/creati-

*Sensitive result is defined to be equal or more than 30% of inhibition of tumor growth (see detail in materials &

methods)

tract the resultant MTT-formazan. Extracts from each well (100
uL) were transferred to a 96-well plate and absorbance mea-
sured at 540 nm using a microplate reader (VersaMax). Sam-
ples with contamination or absorbance values of less than 15/g
of control tumor tissue were classified as “inappropriate”. The
inhibition rate (IR) of tumor growth was calculated using the
following equation : IR (%)=(1-mean absorbance of treated
wells per gram of tumor/mean absorbance of control wells per
gram of tumor)x100.

In our study, the IR cut-off value for chemosensitivity was se-
lected as equal to or greater than 30% (IR30) according to pre-
liminary study result'.

Applied chemotherapy protocol

Candidate chemotherapy protocols were selected from estab-
lished regimen for malignant glioma or other malignant brain
tumors and applied at 2 weeks postoperatively. Nimustine
(ACNU)-CDDP regimen'?, carmustine (BCNU)-cisplatin
(CDDP) regimen?, ICE regimen*, and PCV regimen® were
applied as original dose and schedule. High-dose methotrexate
(MTX) regimen® was given without other drugs. Each regi-
men was selected according to the HDRA result as the most
number of sensitive drugs included for individual patient. TMZ
CCRT regimen, which has methylation status of methyl gua-
nine methyl transferase promoter as an indicator predicting the
benefit of chemotherapy, was not included during the period of
this study. In case of the same number of sensitive drugs
among the regimens, total IR (the sum of inhibition rate of in-
dividual drugs in the designated regimen) was used to deter-
mine the chemotherapy of choice.

Toxicity evaluation and care

Common Terminology Criteria for Adverse Effect (CTCAE)
was referenced to evaluate the toxicities (version 2.0 until 2005
and version 3.0 thereafter). A CBC was checked 10 days after
chemotherapy and then twice per week until the bone marrow
function recovered. Granulocyte colony stimulating factor was

nine were performed every time before
the next cycle of chemotherapy.

Response evaluation

The mass response was evaluated by MRI taken at 3 months
after completion of 2-3 cycles of chemotherapy (2 cycles for 6
weeks interval regimen and 3 cycles for 4 weeks interval regi-
men) as compared to the baseline MRI, which was taken within
48 hours of surgery. MacDonald criteria for malignant glioma
was adopted® as the product of the maximal cross-sectional
enhancing diameters are used to access tumor response. Com-
plete response (CR) was defined as disappearance of enhancing
tumor and non-measurable disease sustained for at least 4 weeks.
Partial response (PR) was defined by a decrease in tumor vol-
ume of 50% or more. Progressive disease (PD) was defined as
an appearance of any new lesions or estimated increase of more
than 25% in the tumor volume. The other status was classified
as stable disease (SD). The time-to-progression was defined as
the time when the patients showed clinical deterioration with
the evidence of radiological recurrence.

Statistical methods

The Kaplan-Meier method was used to obtain progression-
free survival using SPSS software (version 12.0, Chicago, IL,
USA). Above end-point results were compared between patient
groups for HDRA results by Log-rank test. Various factors from
HDRA results were also verified their significance for the tu-
mor response using t-test and Fisher’s exact test.

RESULTS

Evaluability of malignant glioma samples for HDRA

We counted a number of ‘appropriate’ results from 10 tested
drugs per given amount of samples (1 cm?) and define the re-
sults to be ‘evaluable’ if the test give sensitivity of more than five
of tested drugs. Average 7.9 drugs (range 2-10) were tested per
sample with appropriate sensitivity results. In two patients, the
results were not ‘evaluable’ as only 2 and 4 appropriate sensitivi-
ty results came out, respectively. Thus, apparent evaluable rate
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was 31 out of 33 tumors (94%). The main reason for failure was
inadequate viability of samples, especially necrotic portion of
tumor. After careful elimination of necrotic portion, the number
appropriate sensitivity results per sample was raised to mean 9.6
drugs (range 8-10) since 2004.

Chemosensitivity based on HDRA

The inhibition rates of tested drugs from each patient are plot-
ted in Fig. 1. Not only the spectrum of sensitive drug among in-
dividual patient, but also the inhibition rate of each drug was
varied and ranged widely. As an average, the most sensitive drug
was CDDP at a IR of 36.3%+22.2% (range 5-83) followed by if-
osfamide (IFS) of 27.3%+18.8% (0-73), carboplatin (CBP) of
25.3%+16.4% (8-63), vincristine (VCR) of 22.9%+17.6% (-4-
57), etoposide (VP-16) of 21.0%+16.3% (-3-52), procarbazine
(PCB) of 20.7%+16.7% (0-70), ACNU of 20.1%+18.0% (0-66),
CCNU of 18.9+16.4% (0-62), BCNU of 16.9%+19.7% (-13-43),
and MTX of 15.7%+19.1% (-12-79). We adopted IR of more
than 30% as a cut-off value for sensitivity of each drug and the
number of sensitive drugs in established regimen was one of
the most valuable factors for selecting proper chemotherapy
regimen. The frequency of sensitivity above the IR threshold
was also listed in Table 2. CDDP was the most ‘evaluated-as-
sensitive’ drug in 18 out of 32 tests followed by VCR (13/30),
IFS (12/29), VP-16 (12/32), ACNU and BCNU (8/28), CCNU
and PCB (7/26), CBP (5/19), and MTX (4/28).

The number of sensitive drugs ranged from 0 to 8, and aver-
aged at 2.8 drugs per patient. As we adopted pre-established
chemotherapy protocol, the number of sensitive drugs in a cho-
sen regimen was 1.3 drugs (range 0-3) per the regimen. Four pa-
tients had 3 sensitive drugs in the selected regimen, 9 patients
had 2 sensitive drugs, 13 patients had one sensitive drug and 7
patients had no sensitive drug in their regimen. For these ‘no-
sensitive-drug’ patients, total inhibition rate (a sum of inhibi-
tion rate of each drug in the regimen) was used as selecting cri-
teria for chemotherapy regimen. The most frequently applied
regimen was ACNU-CDDP chemotherapy in 13 patients fol-
lowed by PCV chemotherapy in 9 patients, ICE chemotherapy
in 8 patients, 2 cases of BCUN-CDDP chemotherapy and one
case of high-dose MTX chemotherapy.

Tumor response rate

Tumor response was evaluated on MRI at 3 months after the
chemotherapy. Among 13 patients, whose tumors were totally
resected, 12 patients evaluated as ‘no evidence of disease’ and
one patient showed progression (PD). Among other 20 patients
with residual tumor, 3 patients showed CR, and 8 patients
showed PR. The tumors progressed in 6 patients (PD) and were
remained as the range of SD in 3 patients. Thus, the response
rate was 55% in patients with residual tumors.

Complications of chemotherapy
Varying degrees of myelosuppression occurred in all patients
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2-3 weeks after the chemotherapy. Grade III or IV myelosup-
pression was observed in 21 (64%) patients. However, at the
end of the chemotherapy, all these patients recovered to WHO
grade I or II on follow-up CBC. Three out of five patients with
grade IV leucopenia were noted to have a fever of unknown or-
igin. Empirical antibiotics could prevent patients from further
toxicities. Grade IV thrombocytopenia was observed in 9 (27%)
patients and these patients received platelet transfusions. No
symptomatic bleeding episodes were happened in all patients.
Other toxicities such as renal, hepatic and otologic side effects
were not observed. No treatment related mortality occurred in
our series.

HDRA results predicting tumor response

Following the recent recommendation from Response As-
sessment in Neuro-Oncology working group*, 13 patients
without measureable tumor at the baseline MRI were excluded
from response analysis. For the response group, the number of
sensitive drug included in the chosen chemotherapy regimen
was a mean of 1.64+1.03 while that number in the non-response
group was 0.44+0.53. The difference was statistically significant
(p=0.004, t-test). The total IR of the response group was aver-
aged 86.5%+36.9% while that of non-response group was
52.3%%25.1%. The difference of total IR between the response
group and the non-response group was also statistically signifi-
cant (p=0.029, t-test) (Table 3). To determine the cut-off value
of predictability of tumor response, above two indices were co-
plotted as tumor response remarked (Fig. 2). All five patients
having 2 or more sensitive drugs in their regimen showed the
tumor response. Five out of 9 patients with one sensitive drug
revealed the tumor response and only one patient among 6 pa-

100

80

60+

40

Inhibition rate (%)

20

ACNU BCNU CCNU CDDP CBP VP-16 IFS MIX PCB VCR

Fig. 1. The inhibition rates of each drug obtained by HDRA are plotted in
histogram. Solid horizontal bars represent median value. Rectangular
box is 95% confidence interval and | shape bar indicates range of the
observed value, respectively. HDRA : Histoculture Drug Response Assay,
ACNU : nimustine, BCNU : carmustine, CCNU : lomustine, CDDP : cisplat-
in, CBP : carboplatin, VP-16 : etoposide, IFS : ifosfamide, MTX : metho-
trexate, PCB : procarbazine, VCR : vincristine.
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Table 3. Sensitivity Indices from HDRA according to the tumor response (n=20)*

plastic astrocytoma patients showed pro-

Responder Non-responder gression. Mean PFS of these patients was

(n=11) (n=9) pvalue 75 months. Two patients progressed at 8

Number of sensitive drug in the regimen 1.64 (+1.03) 0.44 (+0.53) 0.004 and 37 months respectively, received sal-
Total inhibition rate in the regimen (%) 86.5 (+36.9) 52.3 (+25.1) 0.029 vage radiosurgery (one patient under-

*Patients with post-operative non-measurable disease were excluded from the response analysis. HDRA : His-

toculture Drug Response Assay

Table 4. Predictability of HDRA sensitivity according to various cut-off values (n=20)*

went 2nd operation later on). The other
patient, revealed recurrence on 13 months,
deferred any re-treatment and died at 18

Number of sensitive drug Total inhibition rate months. Thus apparent 2, 3 and 5-year

Response >1 <1 ~80% <80% survival rate was the same 86%.
) 5 6 7 4 For 12 newly diagnosed glioblastoma
) 0 9 0 9 patients, median PFS was 9 months and

*Patients with post-operative non-measurable disease were excluded from the response analysis. HDRA : His-

toculture Drug Response Assay
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Fig. 2. Scatter plot representing the number of HDRA sensitive drugs (X
axis) and total inhibition rate (the sum of inhibition rate of each drug, Y
axis) in the chosen chemotherapy regimen. Filled lozenge is individual
who showed tumor response and hallow circle is non-responder. HDRA :
Histoculture Drug Response Assay.

tients without sensitive drug in their regimen showed response
(Table 4). Thus, apparent sensitivity of more than 1 sensitive
drug in the regimen was 100%. Specificity and predictability of
this cut-off value were 60% and 70%, respectively. When the
cut-off value of equal or more than 1 sensitive drug was applied,
the HDRA results showed sensitivity of 73%, specificity of 83%
and predictability of 80%. As for another HDRA result of total
IR, all 7 patients having more than 80% of total IR showed the
tumor response while 4 out of 13 patients of equal or less than
80% got the tumor response after chemotherapy. Thus, the cut-
off value of total IR of >80% revealed sensitivity of 100%, speci-
ficity of 69%, and predictability of 80% (Table 4).

Progression-free survival after chemotherapy and
overall survival

For patients, who were newly diagnosed and underwent ra-
diation therapy after the chemotherapy, PFS and overall sur-
vival (OS) according to histological grade was obtained (7 ana-
plastic astrocytomas and 12 glioblastomas, separately). For the
mean follow-up of 70 months (range 18 to 116), 3 out of 7 ana-

the 6-months and one-year PFS was 67%
and 38%, respectively. As 9 out of 12
glioblastoma patients were expired during observation period,
median OS was 17 months. The 2-year and 3-year survival rates
were 46% and 23%, respectively. Two patients recurred at 4
months and 12 months underwent 2nd operation followed by
chemotherapy. One patient still alive at 12 months after salvage
therapy and the other patients died at 29 months. Another pa-
tient recurred at 14 months received radiosurgery but died 3
months after. For 7 recurrent glioblastoma patients, median PFS
was 6 months and the 6-months PFS was 38%. Among these, 2
patients showed response to chosen chemotherapy regimen, and
recurrence was not observed during the observation period of 4
and 17 months, respectively.

HDRA results affecting progression-free survival

To evaluate if HDRA results affected PFS, Log-rank test was
performed in 12 glioblastoma patients, who were newly diag-
nosed and underwent radiation therapy after the chemotherapy
based on HDRA. When the cut-off value of more than one sensi-
tive drug in the regimen was adopted, the sensitive group showed
median PFS of 21 months and the non-sensitive group revealed
median PFS of 6 months. Although the difference failed to show
statistical difference (p=0.067), theres a tendency of increasing
PFS in the HDRA sensitive group (Fig. 3A). Another cut-off val-
ue of total IR more than 80% was also analyzed to see if the value
affects patients PFS. Although the median PES of HDRA sensi-
tive group in terms of total IR was apparently increased com-
pared to that of HDRA non-sensitive group (21 months versus 7
months), the difference was not statistically significant (p=0.17)
(Fig. 3B).

DISCUSSION

Rationale of HDRA

Two meta-analysis of adjuvant chemotherapy in malignant
glioma concluded small but clear survival benefit and suggested
the need to define the subgroups of patients who would benefit
from the chemotherapy**®. Malignant gliomas are a heteroge-
neous group of tumors and even in the same histopathology,
their response to cytotoxic drugs may differ®. Studies to pre-
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Fig. 3. Comparison of progression-free survival of patients with newly diagnosed glioblastoma according to the HDRA sensitivity (n=12). A cut-off val-
ue of equal or more than 2 sensitive drugs (A) shows a tendency of prolonged progression-free survival in sensitive group (p=0.067), while that of to-
tal inhibition rate of more than 80% (B) fails to show statistical significance (p=0.17). Dotted line represents patients with HDRA sensitive result and
solid line is for non-sensitive patients at each cut-off value. HDRA : Histoculture Drug Response Assay.

dict the response from chemotherapy in malignant glioma based
on in vitro chemosensitivity has been tried since early 1980’s>'”"
However, in vitro chemosensitivity test are still not to be consid-
ered as standard tool for either predicting response of estab-
lished chemotherapy protocol or selecting appropriate chemo-
therapy for individual patient®. In 1989, Yung pointed out two
major problems of in vitro chemosensitivity testing and its clin-
ical application in human gliomas; 1) cellular heterogeneity
within a single tumor as well as between tumors, 2) artificial se-
lective pressure according to tissue culture system®. At that
time, most of chemosensitivity system adopted early-passaged
cell lines established from patient’s tumor sample, which on a
controversy of losing the character of original tumor. The HDRA
system using directly minced tumor tissues without culture pas-
sage can be free of these selection problems. Even more, three-
dimensional tissue culture system of approximately 1 mm diam-
eter can preserve interactions between tumor composing cells
and maintain intact cytoarchitecture, possibly compromising
drug accessibility, in a state close to the in vivo condition. Region-
al heterogeneity in human solid tumor histoculture was studied
by Weaver et al.*¥. They measured the labeling index of tumor
cells by automated image analysis and compared drug sensitivity
parameters between the region with the highest proliferative ac-
tivity and entire tumor tissue. In spite of definite difference of la-
beling index, pharmacodynamic parameters including inhibitory
concentration of 30, 50 and 70% were not significantly different.
Our procedure of selecting viable portion for tissue culture espe-
cially in case of glioblastoma, which have necrotic portion in
nature, can drive toward more proliferative region. Although it
is still on debate whether the most proliferative region of tumor
can represent drug resistance, according to the result of Weaver
et al,, this selection can reflect the drug sensitivity characteris-
tics of entire tumor.

As ASCO working group suggested, the assay-guided choice
of chemotherapeutic agent is of clinical importance but still yet
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to have problems to be solved such as various results across dif-
ferent disease sites, time frame affecting clinical decision and
giving the same choice of chemotherapy that would have been
chosen in the absence of assay result. Studies in other solid tu-
mors observed different sensitivity according to the HDRA re-
sults with multiple chemotherapy regimens and revealed corre-
lation between HDRA sensitivity and clinical response!>*"*.
However, the results should be accepted in caution due to rela-
tively small number of patients or non-randomized, ‘not-con-
trolled” nature of the trials. Iwadate et al.'” performed clinical
trial to chose chemotherapeutic agents in glioblastoma patients.
They prepared tumor cell suspension by mincing and exposed
to the drug for 8 hours, and then cultured in drug-free medium
for 72 hours. Drug sensitivity was measured by flow cytometric
detection of apoptosis. They treated patients with two or three
drugs showing the highest sensitivity on unrevealed ‘dose and
schedule’ modified by their own criteria in conjunction with
conventional radiation. In spite of the above shortcomings, me-
dian survival of 20.5 months and 3-year survival rate of 10%
can be considered as improving result compared to historical
data and gave a possibility of providing tailored chemotherapy
regimen based on in vitro drug sensitivity.

In our study, the established chemotherapy regimen, which
has been used for malignant gliomas, was applied without any
modification of dose and schedule. Our strategy had an advan-
tage that side-effects can be expected from previous studies and
experiences. The overall incidence of hematologic toxicity was
not different from the historical data and all toxicities could be
managed without fatality in our series. Although Iwadate et al.
described that there were no significant side effects, we would
like to suggest that new combination of sensitive drugs should
be approached cautiously at an aware of unexpected side-effects
or drug interactions. For more direct comparison of the choice
based on the assay, we should have two controlled groups of
one following HDRA and the other neglecting HDRA in the



J Korean Neurosurg Soc 50 | November 2011

future study.

Drug concentration and cut-off values

Chemosensitivity mainly depends on the cut-off values for IR
and drug concentration of in vitro setting. It is obvious that
high concentration or low cut-off value leads to more of false
positive result and vice versa if low concentration or high cut-
off value was adopted. Hasegawa et al. studied the relationship
between these factors and clinical response in induction che-
motherapy of head and neck cancers'?. They concluded that
optimal drug concentration can be obtained from dose-response
curve of different concentration of tested drug and the cut-off
value should be confirmed by its predictability for clinical re-
sponse. In our study, we were unable to obtain a sophisticated
dose-response curve of each drug used for malignant glioma.
However, we adjusted the drug concentration from previous
histoculture studies and determined final concentration through
preliminary study with malignant brain tumor samples to ob-
tain acceptable range of inhibition rate'”. Our average inhibi-
tion rate of tested drugs in the regimen ranged from 16 to 36%
and the distribution of IR in each drug could validate our drug
concentration and 30% IR as a cut-oft value. However, to obtain
more solid proof of optimal concentration, it should be con-
firmed that the combination of a drug concentration and cut-
off value correlate with clinical response through a study with
large number of patients.

CONCLUSION

This is a pilot study to evaluate technical feasibility of HDRA
in malignant glioma if it can yield high proportion of interpreta-
ble results and the difference between individual patients were
varied enough to affect the choice of pre-established chemother-
apy regimen. Although our interim results from small number
of patients are not enough to provide any decisive information,
high evaluability and sensitivity of the assay with an observed
tendency of prolonged PES in the sensitive group deserve fur-
ther prospective clinical trials using HDRA sensitivity result as
a predictor of chemotherapy response in malignant gliomas.
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