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Summary

Background. Only less than half of the patients with malignant

gliomas respond to a continuous high dose Tamoxifen (TAM) and/

or Carboplatin (CP)-treatment. Therefore, a method for predicting

the e½cacy of TAM-treatment would be desirable.

Methods. Paralleling a clinical study, the predictive value of in

vitro-sensitivity testing of TAM and TAM's metabolite 4-OH-TAM

in primary cultures of tumour explants from 15 of a total of 50

patients was examined. Additionally, the in¯uence of TAM, 4-OH-

TAM, and CP on the proliferation of established glioblastoma

cell lines and of those explanted from athymic nude mice and re-

established in cell culture was investigated. Human glioblastomas

xenotransplanted subcutaneously into athymic nude mice and sub-

sequently treated with TAM and/or CP were examined in a parallel

in vivo-study.

Findings. TAM-chemosensitivity-testing of glioblastomas failed

to predict the clinical response to TAM-treatment in our patients

and did not correlate with the in vivo-TAM-response of tumours

xenotransplanted into nude mice. TAM's and 4-OH-TAM's ability

to inhibit growth of various glioblastoma cell lines in vitro in very

similar concentrations was shown to be a consistent phenomenon

which seems to be independent of the in vivo response in either

patients or mice as previous hosts. However, CP's antiproliferative

e¨ect on glioblastomas in vivo was paralleled by respective in vitro

results. Whereas TAM showed to mediate its in vitro antipro-

liferative e¨ect by inducing apoptosis in most cell lines examined,

CP-treatment lead to necrosis of cells.

Interpretation. Combining the results obtained from our human

and mouse studies, it has to be postulated that host factors other than

the sensitivity to TAM of the individual cell, determine the e½cacy of

TAM-treatment in vivo.
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Introduction

Considering the available knowledge about the treat-

ment of glioblastomas with tamoxifen (TAM) a re-

sponse rate of approximately 30% may be expected

[4, 6, 7, 8, 10, 11, 25, 26, 31, 36]. Carboplatin (CP)-

therapy has shown to be successful in 40%±50% of

glioblastoma patients [12, 24, 27, 38]. Both agents are

burdened with considerable side e¨ects, so a method

for predicting the response is desirable in order to save

non-responding patients from unnecessary risk.

In the past, in vitro sensitivity testing of tumour

material obtained during surgery has become an ac-

cepted method for predicting the e½cacy of the di¨er-

ent therapeutic options in patients with various kinds

of malignancies [2, 17, 20, 21, 22, 32]. As demonstrated

in a cohort of 2300 patients with di¨erent malignomas,

an in vitro predictive assay performed according to the

cloning system (colony forming assay) [32] gives true

positive results in 69% of patients and true negative

results in 91%. This is equivalent with a test-sensitivity

of 79% and a test-speci®city of 86% [19]. However, the

in vitro data obtained by di¨erent test methods used,

show a variability which might explain inconclusive

results by the subsequent clinical use of previously

tested agents. As demonstrated by Wol¨ et al., who

retrospectively analysed the results of 1643 articles

dealing with in vitro sensitivity testing, these discrep-

ancies are caused by the various cell-culture methods

used rather by any unreliability of in vitro experiments

per se [42]. In addition they stated that the unsat-

isfactory and unreliable results (standard deviation of

experiments exceed the average values) gained by the

in vitro sensitivity testing of a few agents (bleomycin,

cytosine arabinoside, methotrexate, vinblastine) seem

to be due to further experimental variables speci®c for

these agents and presently unknown.

Correlative studies of chemosensitivity-testing

(methods used: colony forming assay, MTT-assay)

and subsequent chemotherapeutic treatment in pa-

tients with malignant gliomas were performed for the



drugs ACNU, BCNU, CCNU, cisplatin, procarba-

zine, and vincristine [5, 21, 22, 33, 34, 42, 43]. In most

of these studies, patients whose tumours shown to be

sensitive to the respective drugs tested in vitro had

signi®cantly longer relapse free intervals and lived

signi®cantly longer after treatment with these drugs

compared to patients whose tumours shown to be not

sensitive. Due to too low numbers of patients no exact

values for test-sensitivity and test-speci®city for these

correlative studies in glioma patients were given.

Accompanying a phase-ll-study investigating post-

operative treatment with continuous TAM, CP, and

radiation therapy in 50 glioblastoma patients [31], we

undertook an in vitro testing of a cohort of 15 patients

to test whether treatment success could be predicted in

the cultured tumour material obtained during surgery.

In order to interpret the latter results we compared the

e¨ects of TAM-treatment on the proliferation of glio-

blastoma cells established in athymic nude mice (in

vivo model) with those growing in cell culture (in vitro

model).

Methods and Patients

In Vitro Materials

From 15 patients belonging to our study group of 50 patients total

[31] tumour material could be obtained for in vitro TAM-sensitivity

testing. 10 of these patients underwent their ®rst operation for glio-

blastoma and in 5 of them a tumour was removed, which had re-

curred in spite of the combined treatment with TAM, CP and ra-

diotherapy. The histological diagnosis of glioblastoma multiforme

was con®rmed for all tumours. In addition, 11 established glioma cell

lines were selected for studies: NCE G 28, NCE G 44, NCE G 55,

NCE G 59, NCE G 112, NCE G 120, NCE G 122, NCE G 124,

NCE G 130, NCE G 168 [41], and U 251, originally derived from

glioblastomas. Also, low passage glioma cell lines of tumour-

explants from nude mice (/nm) harbouring established xenotrans-

plant lines NCE G 55, NCE G 122, and NCE G 124 were

investigated.

In Vivo Materials

In order to establish human glioblastomas on nude mice, cells of

the three glioma cell lines NCE G 55, NCE G 122, and NCE G 124,

were injected subcutaneously into the ¯ank of female nude mice

(outbred strain nunuBalbC, age 4±5 weeks, initial body weight 20±

25 g) which were housed according to routine procedures as de-

scribed previously [29]. After the tumours had grown to volumes of

3±4 cm3, animals were killed, the tumours explanted and sliced into

1±2 mm3 pieces which were ®nally re-implanted on new mice. The

di¨erent tumours were passaged on nude mice as follows: NCE G

55: 87�, NCE G 122: 60�, and NCE G 124: 72�.

Cell Culture, Tumour Cell Growth Assays

Cells were grown as monolayer cultures in Earle minimal essential

medium (MEM) with 10% fetal calf serum (FCS), 2 mM glutamine,

1 mM natriumpyruvate, 2.5 mg/mL amphotericin (Fungizone9),

40 mg/mL gentamicin, and passaged depending on growth charac-

teristics by using 0.25% trypsin [41].

The in¯uence of TAM, the TAM-metabolite 4-OH-Tamoxifen

(both obtained from Sigma, Deisenhofen, Germany), and Carbo-

platin (Bristol, Munich, Germany) on cell proliferation was exam-

ined by performing 7±8 days growth assays. 2,500 cells of the estab-

lished cell lines and of the tumours obtained from the nude mice were

seeded in Earle MEM into ¯at bottom 96 well plates (Greiner,

Frickenhausen, Germany) and incubated at 37 �C in 5% CO2

humidi®ed air. For the experiments with primary cultures of study

patients' tumours as a modi®cation, 48 well plates (CorningCostar,

Bodenheim, Germany) and concentrations of 10,000 cells per well

were used to take into account that primary cells like to be grown at

higher densities. 24 hours after seeding the cells, drugs were added.

TAM was dissolved in dimethyl sulfoxide, DMSO, (Sigma, De-

isenhofen, Germany) and 4-OH-TAM in ethanol. CP (only used for

the experiments with the tumours obtained from the nude mice) was

diluted in Earle MEM. Concentrations and length of treatment (2

days or continuously for 8 days) were used as indicated in the ®gures.

Starting 24±48 hours after seeding, cells were ®xed in 1% gluta-

raldehyde and stained with crystal violet at daily (96 well plates) or

2±3 days intervals (48 well plates). The colour from stained nuclei

was solubilized in 10% sodium dodecylsulfate (SDS) and cell growth

was quanti®ed by reading the absorbance at 540 nm (Bio-Tek In-

struments, Inc., Winooski, VT, USA). All measurements represent

the mean of duplicate (48 well plates) or triplicate (96 well plates)

determinations.

In Vivo Experiments with Nude Mice

For in vivo experiments on nude mice, the tumour bearing animals

were distributed randomly to 4 groups undergoing di¨erent treat-

ment modalities: (1) treatment with CP only, (2) treatment with

TAM only, (3) combined treatment with CP and TAM, and (4) no

treatment (negative control). Each treatment group consisted of 8

animals. (1) CP (50 mg/kg body weight) was given to the nude mice

by intraperitoneal injections 7, 10, and 13 days after tumour im-

plantation [14]. (2) TAM-treatment was started 7 days after tumour

implantation by using long-acting TAM-depot tablets (Innovative

Research, Toledo, OH, USA) which were implanted subcutaneously

between the shoulders of the animals [16]. These tablets contain 5 mg

TAM which is released over a period of 60 days (80±85 mg/d). This

treatment is equivalent to a daily TAM-dose of 2.8 mg/kg body

weight. (3) Combined treatment of CP and TAM was performed by

giving both drugs in concentrations and time intervals as indicated

above for the respective monotherapies. (4) Untreated nude mice

harbouring transplanted gliomas served as negative controls. The

in¯uence of treatment on tumour growth was determined by mea-

suring the diameter and subsequently calculating the volume of the

transplanted tumours at regular time intervals [1]. 35±46 days after

transplantation the animals were sacri®ced and the tumours ex-

planted for ®nal evaluation.

Histopathology of Xenotransplanted Tumours

The excised tumour tissues was either ®xed in 4% formalin

and processed for para½n embedding or ®xed in Tissue-Tek

(Sakura, Zoeterwoude, Netherlands), subsequently cooled down in

2-butylisopropanol (Fluka, Neu-Ulm, Germany) and ®nally frozen

in liquid nitrogen. Para½n embedded tumours were sectioned ac-

cording to a routine procedure and slices were stained with hema-

toxylin-eosin, Gomori, Masson-Goldner, and van Gieson (elastica).

By using a cryostat, frozen tumour blocks were sectioned to slices

measuring 4±6 mm and processed for immunohistochemistry which
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was performed according either to the peroxidase/antiperoxidase

(PAP)-staining method or to the immuno¯uorescence-staining

method, both indicated by the manufacturer (Dakopatts, Hamburg,

Germany). Antibodies against the proliferation-associated antigen

Ki 67 (Mib 1) (Dianova, Hamburg, Germany), and the von Wille-

brand factor (factor VIII) (Boeringer, Mannheim, Germany) were

used at dilutions of 1 :20, and 1 : 400 respectively. The extent of

neovascularization was detected by examining the anti-factor VIII-

immunostained slices according to the method of Weidner [39].

Assay to Detect Apoptosis and Necrosis as Mechanisms of

Cell Death

To distinguish between apoptosis and necrosis as two possible

mechanisms leading to cell death the photometric enzyme-

immunoassay Cell Death Detection ELISAPlus (Boehringer,

Mannheim, Germany) was used. It determines cytoplasmic histone-

associated DNA-fragments quantitatively [3]. In this assay the

intracellular enrichment of mono- and oligonucleosomes which

occur after induction of endogenous endonucleases is due to the fact

that in apoptosis DNA-degradation occurs several hours before

plasma membrane breakdown. In contrast, necrotic cell death results

in early release of fragmented DNA into the culture supernatant.

20,000 cells each of the 5 di¨erent glioblastoma cell lines NCE G 28,

NCE G 44, NCE G 112, NCE G 120 and NCE G 130 were seeded

into 96 well plates and cells were allowed to adhere for 24 hours.

Cultures were rinsed and treatment was started by adding TAM or

CP in concentrations indicated in the ®gures. After incubation for 4

hours cultures were centrifuged at 200� g and culture supernatants

were collected. Cells were lysed and 20 ml of lysate or 20 ml of corre-

sponding supernatant were used in Cell Death Detection ELISAPlus

according to the manufacture's instructions. A speci®c enrichment

factor of mono- and oligonucleosomes released into the cytoplasm is

calculated by absorbance of treated sample divided by absorbance of

the corresponding untreated control. Data represent the mean of

duplicate determination.

Statistical Analysis

IC50 values were determined by linear regression analysis. In the

in vivo and in vitro experiments, the results of the di¨erent treatment

groups were compared by using student's t-test. To correlate the

results of in vitro testing in low passage glioma cell lines with the

response to therapy in the respective patients (time interval until

tumour-recurrence, survival time, response according to the criteria

of response used in our study [31]), Pearson Product Moment corre-

lation was used in the case of numeric values and Spearman Rank

Order correlation in the case of ranked or ordered values. In order to

examine clinical discrepancies between the subset of 15 patients used

for the present in vitro study and the entire study group of 50 patients

[31], the clinical parameters known to in¯uence the prognosis of

glioblastoma-patients (age, extent of tumour resection, postopera-

tive Karnofsky Performance Score (KPS) 4 weeks after inclusion to

study) were correlated to the ``time to progression'', ``survival time''

and ``response to therapy'' by using the same test methods.

Results

In Vitro Testing of TAM-Sensitivity in Primary

Cultures of Study Patients' Tumours

Tumour material of 15 patients belonging to the

study group of our phase II study investigating a post-

operative treatment with TAM, CP and radiotherapy

for glioblastoma, was tested for TAM-sensitivity in

vitro. As demonstrated in Table 1, no relation between

the results of the in vitro testing and the clinical re-

sponse to treatment or the prognosis of the patients

Table 1. In Vitro Testing of TAM- and 4-OH-TAM-Sensitivity in 15 Glioblastoma-Patients Included in our Phase II-Study (Postoperative

Treatment with TAM, CP and Radiotherapy). Primary Cultures of Tumours Originated from Tissue Obtained at the Initial Operation for Glio-

blastoma in 10 Patients and from Tissue of Recurrent Tumours in 5 Patients

Pat no. Age f/m Type of tumour IC 50

TAM (mM)

IC 50

4-OH-TAM (mM)

Re-sponse to

therapy

Time to progression

(weeks)

Survival

(weeks)

02 26 f 1st recurrence 8,0 n. d. yes 66 113

03 35 f 1st recurrence 8,1 n. d. yes 94 150

13 58 m 1st recurrence 11,8 n. d. no 30 70

13 58 m 2nd recurrence 8,3 n. d. no 30 70

14 35 m 1st recurrence 9,9 n. d. no 31 55

14 35 m 2nd recurrence 6 6,9 no 31 55

15 46 f original tumour 11,5 n. d. no 19 42

17 61 f original tumour >20* n. d. yes 120 122

18 55 m 1st recurrence 7,8 >12,5 no 23 47

19 57 m original tumour 10,1 n. d. no 10 25

21 55 m original tumour 11,4 n. d. no 28 84

23 58 m original tumour 6,3 n. d. no 21 41

25 57 f original tumour 8,7 n. d. no 4 14

26 56 m original tumour 8,2 8,1 no 9 92

30 58 m original tumour 10.6 >12,5 no 34 91

31 60 m original tumour 9,8 >12,5 yes 59 119

36 55 f original tumour 10,3 n. d. no 38 78

* At determination of this value, a methodological mistake could not be excluded de®nitely. Therefore, this value was omitted from statistical

analysis. n. d. Not determined.
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could be observed. Even tumours, which had recurred

in spite of continuous high-dose TAM-treatment, did

not show a decreased sensitivity to TAM. These results

were con®rmed statistically by using Pearson Product

Moment correlation and Spearman Rank Order cor-

relation (Table 2). As in the entire study group of 50

patients, the prognosis of this subset of 15 patients

whose tumours were examined in vitro, was shown to

be in¯uenced by the extent of tumour resection and

by the postoperative KPS, but not by the age of the

patients [31].

With one exception, TAM-concentrations necessary

to achieve a 50% growth inhibition (IC50) in the pri-

mary cultures of the investigated tumours ranged

between 6 mM and 11.8 mM. This re¯ects a physio-

logically therapeutic range, which has been shown

to be reached in TAM-treatment of breast cancer

patients and glioblastoma patients [13, 23].

Characteristics of TAM's Anti-Proliferative E¨ect on

Established Glioma Cell Lines

Tumour cell growth assays in 6 established glioma

cell lines NCE G 55, NCE G 59, NCE G 122, NCE G

124, NCE G 168, and U 251 demonstrate the ability of

TAM and its metabolite 4-OH-TAM to inhibit prolif-

eration in a dose dependent manner (Fig. 1). The con-

centrations of TAM, leading to a 50% inhibition of

growth (IC50) in the di¨erent cell lines varied in a

Table 2. IC 50-Values of TAM and Factors In¯uencing Prognosis of

Glioblastoma Patients in 15 Study Patients Whose Tumours were

Examined by Using in Vitro Sensitivity Testing

Time to

progression

Survival

time

Response

to therapy

IC-50-values of

primary tumours

r � 0:293

p � 0:444

r � 0:261

p � 0:446

IC-50-values of

recurrent tumours

r � ÿ0:372

p � 0:538

r � ÿ0:289

p � 0:683

Age r � ÿ0:238 r � ÿ0:272 r � 0;018

p � 0:394 p � 0:326 p � 0:944

Extent of tumour

resection

r � 0:520

p � 0:045

r � 0:627

p � 0:012

r � 0:241

p � 0:374

Karnofsky Performance

Score

r � 0:318

p � 0:248

r � 0:613

p � 0:015

r � 0:018

p � 0:944

r Correlation coe½cient.

Fig. 1. Tumour cell growth assays of established glioma cell lines show a dose-dependent inhibition of proliferation by TAM in two di¨erent

treatment modes and by 4-OH-TAM. Data represent the mean of triplicate determinations, error bars � S.D
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narrow range between 9.7 mM and 11.2 mM if cells

were treated with the drug during the whole experi-

ment and between 11.3 mM and 14.2 mM if the drug

was removed after the ®rst 2 days of the experiment

(Table 3). This latter mode of treatment allowed the

cells to recover from TAM-concentrations, which they

otherwise did not survive on the continuous treatment

mode (NCE G 59 and NCE G 124: 17,5 mM, NCE G

55, NCE G 122, NCE G 168, and U 251: 15 mM).

As shown in the experiments with 4-OH-TAM, this

TAM-metabolite has a 30%±40% higher antipro-

liferative potential than TAM itself.

To test whether TAM and CP trigger apoptotic cell

death an ELISATM was used. Following TAM treat-

ment a dose dependent increase of DNA fragmenta-

tion indicating the cell death mechanism of apoptosis

is found in 3 of 5 cell lines investigated (NCE G 44,

NCE G 112, NCE G 120). In the cell line NCE G 130

TAM-treatment resulted in a dose-dependent release

of fragmented DNA into the supernatant indicating

necrosis as the main mechanism of cell death in

these cells. In cell line NCE G 28, cell death after

TAM-treatment followed the mechanisms of apopto-

sis and necrosis to an even extent (Fig. 2). In contrast

to TAM, CP-treatment of the same 5 cell lines only

resulted in necrosis.

Table 3. IC 50-Values of TAM in two Di¨erent Treatment Modes

and of 4-OH-TAM in 6 Established Glioma Cell Lines

Cell line IC 50,

Tamoxifen

for 2 days

IC 50,

Tamoxifen

continuously

IC 50,

4-OH-Tamoxifen

continuously

G 55 11.6 mM 9.8 mM 6.2 mM

G 59 13.1 mM 11.2 mM 7.1 mM

G 122 12.4 mM 10.2 mM 6.5 mM

G 124 14.2 mM 10.6 mM 6.9 mM

G 168 11.3 mM 9.7 mM 5.9 mM

U 251 12.5 mM 11.2 mM 7.1 mM

Fig. 2. Determination of the mechanism of cell death occurring after treatment with TAM in increasing concentrations. In three of the ®ve cell

lines examined, accumulation of fragmented DNA was found to be within the cellular lysate indicating apoptosis as the underlying mechanism

of cell death (NCE G 44, NCE G 112, NCE G 120). In one cell line TAM's antiproliferative action led to necrosis indicated by an increase of

DNA fragments within the cellular supernatant (NCE G 130). One cell line followed both mechanisms of cell death to an even extent (NCE G

28). Data represent the mean of duplicate determinations, error bars � S.D
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In Vivo ± E¨ects of CP, TAM, and CP� TAM on

Gliomas Established in Nude Mice

In the in vivo model of glioblastoma cell lines xeno-

transplanted on athymic nude mice, single treatment

with TAM did not result in an inhibition of growth

in all three xenotransplanted tumours. Only TAM-

treated NCE G 124 xenotransplants showed some

slower growth than untreated control tumours. This

di¨erence nearly reached statistical signi®cance (stu-

dent's t-test: p � 0:09). In contrast, CP-monotherapy

resulted in a growth inhibition in all xenotransplanted

gliomas compared with negative controls, reaching a

level of statistical signi®cance in two tumours (stu-

dent's t-tests, NCE G 55: p � 0:041, NCE G 122:

p � 0:014, NCE G 124: p � 0:067). Again, the com-

bined treatment of TAM � CP led to a signi®cant in-

hibition of growth in all 3 tumours investigated com-

pared with negative controls (student's t-tests, NCE G

55: p � 0:003, NCE G 122: p � 0:019, NCE G 124:

p � 0:008). However, only xenotransplants of NCE G

55 and to some extent those of NCE G 124 but not the

tumours of NCE G 122 showed a higher inhibition of

their growth by the combined treatment of CP� TAM

when compared with CP-monotherapy. These latter

di¨erences did not reach statistical signi®cance (Fig. 3).

Upon histological examination, the xenotrans-

planted tumours revealed all characteristics of a

malignant tumour. Within the ®rst 14 days after

transplantation, the tumours were surrounded by a

®brous capsule. After this time interval the tumours

started to in®ltrate the adjacent tissue. Whereas the

peripheral margin of the tumours were characterised

by a high rate of vascularization, and vital and highly

proliferative tumour cells, the centre of the tumours

revealed larger areas of necrosis. By immunhisto-

chemical staining with the MIB-1 antibody the xeno-

transplants showed MIB-indices of 48% (NCE G 55),

a b

c

Fig. 3. In vivo testing of CP-monotherapy (3 cycles of 50 mg/kg body weight per

week), TAM-monotherapy (2.8 mg/kg body weight per day for 60 days), and the

combined therapy of CP� TAM (same concentrations as in monotherapies) in 3

gliomas (NCE G 55, NCE G 122, NCE G 124) xenotransplanted on nude mice.

Only one tumour (NCE G 124) responds to TAM-monotherapy. Addition of TAM

leads to an enhancement of the antiproliferative e¨ect of CP in xenotransplants of

NCE G 55 and to some extent in those of NCE G 124. Error bars � S.D
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42% (NCE G 122), and 46% (NCE G 124). Compared

with untreated control tumours the di¨erent forms of

in vivo treatment (TAM, CP, CP� TAM) did not

lead to alterations of MIB-indices of xenotransplants.

Anti-factor VIII immunostaining for detection of neo-

vascularization according to Weidner's method was

performed in xenotransplants of tumours NCE G 122

and NCE G 124. Whereas either form of treatment did

not in¯uence the density of capillaries in xenotrans-

plants of NCE G 122, TAM-treatment was associated

with an increased vascularization in the xeno-

transplanted tumour NCE G 124 (data not shown).

This result reached statistical signi®cance (student's

t-test: p < 0:025).

In Vitro ± Inhibitory E¨ect of CP, TAM, and

CP� TAM on Low Passage Cell Cultures of Gliomas

Established in Nude Mice

Paralleling the in vivo results, the growth of all 3

primary cultures of gliomas re-established from nude

mice, were inhibited by CP in a dose dependent man-

ner. The concentrations leading to a 50%-inhibition

of proliferation (IC50) varied between 2 mg/l in NCE

G-122/nm, 2.8 mg/l in NCE G 124/nm and 5.2 mg/l

in NCE G 55/nm. CP-concentrations of 5 mg/l (NCE

G 122/nm, NCE G 124/nm) and 10 mg/l (NCE G

55/nm) were not survived by the cells (Fig. 4).

Growth assays testing the in¯uence of TAM (con-

tinuous treatment mode) on the proliferation of pri-

mary cultures of the re-established glioma cell lines

NCE G 55/nm, NCE G 122/nm and NCE G 124/nm

revealed similar results as obtained for the established

cell lines before xenotransplantation on nude mice

(Table 3). The respective IC50 values were slightly

lower compared with the corresponding cell lines not

xenotransplanted to athymic nude mice before: NCE

G 55/nm: 9.3 mM, NCE G 122/nm: 9.6 mM, and NCE

G 124/nm: 10.5 mM. This result is shown to be in clear

contrast to the in vivo result.

By combining di¨erent concentrations of CP with

TAM-concentrations of 2.5 mM (data not shown) and

5 mM which are not e¨ective in TAM-monotherapy in

vitro, no enhancement of growth-inhibition could be

observed compared with the e¨ect of the respective

CP-concentrations without addition of TAM (Fig. 5).

Fig. 4. Tumor cell growth assays of low passage glioma cell lines derived from xenotransplants on nude mice (NCE G 55/nm, NCE G 122/nm)

show a dose-dependent inhibition of proliferation by CP. The IC50 ranges between 2 mg/l and 5.2 mg/l. Data represent the mean of triplicate

determinations, error bars � S.D
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This result was obtained for all 3 low passage glioma

cell lines tested (NCE G 55/nm, NCE G 122/nm, NCE

G 124/nm) and revealed again a di¨erence between the

in vitro and in vivo model.

Discussion

Due to the interindividual di¨erent response to high-

dose TAM therapy with an overall response rate of

a b

c

Fig. 5. Testing of various concentrations of CP alone and in combination with

TAM (5 mM) in tumour cell growth assays of low passage glioma cell lines

derived from xenotransplants on nude mice (NCE G 55/nm, NCE G 122/nm,

NCE G 124/nm). Addition of TAM does not lead to an enhancement of the

antiproliferative e¨ect of CP. Data represent the mean of triplicate determi-

nations, error bars � S.D
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approximately 30% [4, 6, 7, 8, 10, 11, 25, 26, 31, 36] the

establishment of a predictive system prior to a planned

TAM-therapy would be desirable. However, with the

exception of one case report, no in vitro testing of

tumour material for its sensitivity to TAM- and/or

4-OH-TAM-treatment and subsequent correlation to

the clinical result of TAM-therapy is available so far

[44].

In contrast to this case-report, our in vitro data did

not correlate with our clinical results [31]. However, by

comparing our results of in vitro sensitivity testing

of primary cultures with those obtained in tumour

cell growth assays of either established glioblas-

toma cell lines or glioblastoma cell lines re-established

after xenotransplantation on athymic nude mice a

high similarity of the various IC50-values was seen.

Whereas TAM-concentrations between 6 and 11.8 mM

(continuous treatment mode) lead to a 50% inhibition

of tumour growth in primary cultures of tumours ex-

planted from our study patients, the respective IC50-

values obtained in the experiments with established

glioblastoma cell lines ranged between 9.7 mM and

11.2 mM and those obtained in the testing of glio-

blastoma cell lines re-established after xenotrans-

plantation on athymic nude mice were in the range of

9.3 mM to 10.5 mM. These results show a good corre-

lation with previous experiments investigating the an-

tiproliferative action of TAM on established malig-

nant glioma cell lines. In these studies IC50-values

in the range between 1 mM and 20 mM were reported

[4, 9, 30, 37, 40]. The results of our additional experi-

ments examining the antiproliferative e¨ect of TAM

in a 2-day-treatment mode and that of 4-OH-TAM

con®rmed the above mentioned observations and

allow the following conclusion: The growth of all

glioblastoma cells, regardless of the number and type

of passages which they had undergone before and

regardless of the clinical response to TAM-treatment

in their previous host (patient, nude mouse), can

be dose-dependently inhibited in vitro. The TAM-

concentrations necessary to lead to a 50% growth

inhibition di¨er in such a small range, that the clinical

observation of ``TAM-response'' and ``non-response''

seemed to be absent in the in vitro-model. Therefore an

interindividual response to TAM-treatment seems to

be an in vivo e¨ect.

Our in vivo model of athymic nude mice approx-

imates the clinical situation only to a certain extent (i.e.

tumours were transplanted subcutaneously and not

intracerebrally which causes a di¨erent pharmacoki-

netic situation; due to lack of T-lymphocytes the im-

munological situation of these mice is clearly di¨erent

to patients [15]). However, the results obtained with it

resembled more the clinical situation compared with

our in vitro results. Paralleling the response rate of

approximately 30% of patients treated with TAM [4, 6,

7, 8, 10, 11, 25, 26, 31, 36] only one (NCE G 124) out

of 3 xenotransplanted tumours tested responded to a

TAM-monotherapy. As the extent of anti-factor VIII-

immunostaining has been shown to correlate with

the extent of tissue-vascularization [35], our result

of an increased anti-factor VIII-immunoreactivity of

one xenotransplanted tumour (NCE G 124) after

TAM-treatment might indicate TAM's ability to in-

duceneovascularization inglioblastomas. Interestingly,

the growth of only this tumour was inhibited by

TAM-monotherapy. The increase of angiogenesis

may produce an increased sensitivity to CP because

of improved drug delivery. It might also explain the

facilitation of multifocal tumour growth from small

disseminated cell aggregates [30, 31].

After re-establishing the xenotransplanted tumours

in cell culture again, the cells reacted to TAM-

treatment like glioblastoma-cell-lines which had not

undergone xenotransplantation to nude mice, i.e. dis-

tinguishing between tumours responding to TAM-

therapy and those not responding was not possible any

more. Therefore we suggest that this in vitro/in vivo ±

discrepancy might be related to a more basic mecha-

nism which seems to be independent of the immuno-

logical state of the host and the location of the tumour.

The di¨erences between the in vitro and the in vivo

model observed at the TAM-experiments are in some

contrast to our experiments investigating CP. In these

experiments, CP constantly induced a dose-dependent

growth inhibition of glioma cells regardless of the ex-

perimental model used. This good correlation between

the in vitro- and in vivo-situation is paralleled by clin-

ical studies describing a good predictive value of in

vitro CP-sensitivity testing for the CP-treatment of

patients with malignant gliomas [21, 42]. As further

demonstrated in our experiments, the underlying

mechanism of CP's antiproliferative action follows

that of inducing necrosis as a sign of e½cacy whereas

that of TAM varied between induction of apoptosis

(3 out of 5 cell lines), necrosis (1 out of 5 cell lines), or

both of these mechanisms (1 out of 5 cell lines). In

contrast to the necrosis the mechanism of apoptosis is

considered to be rather complex and activated in cells,

which are no longer able to follow certain cellular
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programs and are unable to control their cell cycle [18].

It is possible that for TAM to be e¨ective at inducing

apoptosis, complex requirements and indirect e¨ects

need to be present and might explain the in vivo/in vi-

tro di¨erence. In how far the demonstrated variability

of mechanisms by which TAM is inducing cell death

corresponds to the observed di¨erent responses to

TAM-treatment observed in vivo is unknown. The

design of our experiments however cannot not give

further information whether this correlation indicates

a causal link.

An additional explanation for the observed incon-

stant response to TAM-therapy in vivo might be the

already described interindividual di¨erent absorption

and/or metabolization of TAM. As reported in studies

determining plasma levels of TAM and its metabolites

in glioma- and breast cancer-patients, the interindi-

vidual variation of values measured exceeded the fac-

tor 10 although patients were treated with the same

daily dose of the drug [13, 23]. Measurements of TAM-

concentrations in blood-samples of athymic nude mice

have not been performed so far.

In conclusion, the demonstrated discrepancies

between the in vitro and in vivo-situation by testing

TAM's antiproliferative e¨ect on glioblastomas

showed that in vitro sensitivity testing of tumour

material is not a useful method for predicting response

to TAM in glioblastoma-patients. Moreover, the re-

sults of our clinical study [31] and of other in vitro

experiments published recently [30], added one more

aspect to the problem of predicting TAM-response

in glioblastoma-patients: As explained in these two

reports, we are now afraid that continuous high-

dose TAM-therapy might lead to a selection of TAM-

resistant glioma cell-subpopulations which are char-

acterised by a highly migratory and aggressive growth

pattern. Patients (33% in our study) whose tumours

developed this kind of ``TAM-resistance'' were char-

acterised by extremely rapidly growing multifocal

tumour recurrences. Considering that a certain per-

centage of tumours initially responding to TAM-

therapy may alter to tumours becoming resistant to

this form of treatment, show the additional di½culty of

predicting TAM-response in glioblastomas. In this

respect we remain sceptical in how far the new method

of proton magnetic resonance spectroscopic imaging

which has been reported very recently to be a reliable

predictor for TAM-response in patients with recurrent

malignant gliomas [28], is also able to predict devel-

opment of TAM-resistance.
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Comment

The initial assumption that we need a method to predict the e½-

cacy of Tamoxifen treatment is probably erroneous. I do not agree

that less than half of the patients respond to Tamoxifen treatment.

The real response rate with Tamoxifen (even at high dose) is proba-

bly less than 10%. Therefore, I am not convinced at all of the possible

utility of a predictive assay. In addition, it is now clear that it is not

possible to recapitulate in vitro, the complexity of the in vivo situa-

tion. In vitro assays to predict in vivo sensitivity to anticancer drugs

have been almost abandoned, even for tumors for which we have

highly active drugs.
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