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Correlation of Drug Response in Patients and in 
the Clonogenic Assay with Solid Human Tumour 

Xenografts 
Catherine C. Scholz, Dietmar l? Berger, Bernd R. Winterhalter, Hartmut Henf3 

and Heinz-Herbert Fiebig 

The potential of evaluating the preclinical response of solid tumours was studied in human tumour xenografts in 
the clonogenic assay. Tumour specimens surgically removed from cancer patients were implanted subcutaneously 
into thymusaplastic nude mice. Chemosensitivity of the mouse-grown tumours was tested with a modification of 
the double-layer soft-agar clonogenic assay . Tumour cells were tested against thirteen established cytostatic 
drugs at two dosages by continuous exposure. 62 retrospective in vivoh vitro correlations were done. The 
clonogenic assay predicted correctly for clinical response in 16127 (59%) and for resistance in 32/35 (91%). These 
correlation rates were similar to reported data for fresh solid human tumour specimens. The results support the 
clinical relevance of the nude mouselclonogenic assay model. 
EurJ Cancer, Vol. 26, No. 8, pp. 901-905, 1990. 

INTRODUCTION 
THE POSSIBILITY of individualizing chemotherapy is of special 
interest to oncologists since patients with identical histological 
tumour types frequently respond differently to the same chemo- 
therapeutic regimen. Since 1978 research teams have attempted 
to assess the chemosensitivity of solid human tumours to various 
cytostatic agents preclinically with the clonogenic assay 
developed by Hamburger and Salmon [l-3]. Correct predictions 
for sensitivity are possible in about 69% and for resistance in 
92% of diverse solid human tumours [4]. However, these data 
are difficult to interpret because of lack of standardisation of the 
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experiments and inadequate quality control measures [5]. The 
key criterion, ‘colony’, has been defined by some as a minimum 
number of cells [6-81 but by others as a grouping of cells 
requiring a minimum diameter ranging from 40 [9] to 100 pm 
[lo]. In vitro sensitivity has commonly been defined as inhibition 
of growth in the drug-treated plates to less than 30% of controls 
(T/C value under 30%). However, Link et al. [ll] used a T/C 
value of 50%, Ajani et al. [12] used 35% and Mann et al. [8] 
used 25%. Relevant drug dosages present another significant 
problem with up to log 2 differences among various laboratories. 
Comparison of in vivoiin vitro correlation results demands stan- 
dardisation of these key criteria. 

We present in vim/in vitro correlations with the clonogenic 
assay and with quality control measures and criteria for assay 
standardisation. Solid human tumour xenografts were the 
tumour source. The use of tumour material following passage 
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in nude mice has the advantage of ample tumour material and 
assay reproducibility. Fiebig and Lohr [13] have shown that 
xenograft tumour material exhibited strikingly similar character- 
istics compared with the original tumour in terms of histology, 
chemosensitivity and tumour markers. In 80 in viva chemosensi- 
tivity comparisons (nude mouse/patient) response was correctly 
predicted in 90% and resistance in 96% [ 141. 

A combined approach of initial in vitro clonogenic assays and 
subsequent in vivo studies of selected human tumour xenografts 
in nude mice is being increasingly used in large-scale screens for 
new antineoplastic agents. A prerequisite to this approach is 
good correlation for chemosensitivity in the patient and in the 
clonogenic assay with human tumour xenografts. 

Tumours 
MATERIALS AND METHODS 

Human tumour material from primary tumour or metastatic 
lesions, resected for diagnostic or therapeutic purposes, was 
placed into a sterile tube with RPM1 1640, HEPES buffer 
and glutamine. For the first serial passage, 16 tumour slices 
(5 x 5 x 0.5-l mm diameter) were implanted subcutaneously 
into nude mice of NMRI genetic background. The animals 
were maintained as described by Fortmeyer and Bastert [ 151. 
Approximately 50% of the tumours grew within 8-12 weeks to 
diameters of l-2 cm, at which time they were removed under 
sterile conditions in a laminar air-flow system. 

Single cell suspensions 
Human tumours established in serial passage in thymuasaplas- 

tic nude mice were mechanically disaggregated and incubated 
with collagenase O.OS%, DNase 0.07% and hyaluronidase 0.1% 
at 37°C for 30 min. The cells were washed and passed through 
sieves of 200 and 50 pm mesh. Trypan-blue exclusion was used 
for a viable cell count in a haemocytometer. 

Culture methods 
A modification of the double-layer soft-agar assay [l] was 

used. The bottom layer consisted of 0.5% agar in 1 ml Iscove’s 
modified Dulbecco’s medium with L-glutamine and 10% fetal 
calf serum. 24 x lo5 cells were plated in 35 mm culture dishes 
in 1 ml containing 30% fetal calf serum and 0.3% agar onto the 
bottom layer. Drugs were added in 1 ml medium containing 
30% fetal calf serum. The cells were exposed to cytostatic drugs 
continuously during incubation at 37°C in 7% C02. Plates were 
examined under an inverted microscope for colony growth every 
other day. At the time of maximum colony formation (usually 
after 7-21 days in culture) a final colony count was done in 
an automatic image-analysis system (‘OMNICON FASIII’, 
Bausch & Lomb). 24 h before evaluation all cultures were incu- 
bated with 1 ml tetrazolium chloride dye (1 mgiml), which 
stains vital cells and colonies with intact dehydrogenase activity. 

Quality control 
The following quality control measures were used [ 161: (1) the 

median number of colonies in the control group dishes had to 
be 100 or more for a colony diameter of 60 km, or 50 or more 
for an 80 pm diameter; (2) the cells were vitally stained with a 
tetrazolium chloride dye on day 0 and day 2 to determine the 
number of initial aggregates and their course during culture- 
the rate of aggregates had to be 20% of the control group count 
or less; (3) a positive reference compound (5-fluorouracil at a 
toxic dose of 100 kg/ml) had to effect a colony survival of less 
than 20% of the controls-the positive control drug was added 

Table 1. Cytostatic drugs and dosages tested 

Drug 

Relevant High 
concentration concentration 

(Kg/ml) (pgiml) 

Bleomycin 0.06 0.2 
Cisplatin 0.1 0.3 
Activated cyclophosphamide* 0.3 0.6 
Dacarbazine 30.0 100.0 
Doxorubicin 0.01 0.03 
Etoposide 0.1 0.3 
S-fluorouracil 0.2 0.6 
Elmustine 6.0 12.0 
Activated ifosfamide* 0.3 0.6 
Mitomycin-C 0.005 0.015 
Vinblastine 0.003 0.01 
Vincristine 0.01 0.03 
Vindesine 0.01 0.03 

*Active metabolite was used (4-OH cyclophosphamide or 4-OH 
ifosfamide), supplied by ASTA Pharma, F.R.G. 

to assess the maximum cytotoxic effect that could possibly be 
achieved; and (4) the coefficient of variation among the control 
plates had to be 50% or less. Only assays fulfilling these criteria 
were considered evaluable for in vivolin vitro correlations. 

Drugs 
The thirteen cytostatic drugs listed in Table 1 were individu- 

ally tested at two dosages in triplicate by continuous exposure. 
The ‘relevant concentrations’ predicting correctly for the clinical 
efficacy of the agents were determined for each drug separately 
by comparing the in vitro/in vivo response rates of sensitive 
tumour types both in patients and in nude mice. A ‘high 
concentration’ of the drug, usually triple this dose, was addition- 
ally given to test the reaction of the tumour cells at an unphysiol- 
ogically high dosage. For compounds with steep dose-response 
effects (activated cyclophosphamide, activated ifosfamide and 
ehnustine) the relevant concentration and twice this dose were 
administered. 

Clinical correlations 
A tumour was defined to be sensitive in vitro to a cytostatic 

agent if colony formation was reduced to less than 30% of the 
control value T/C 5 30%. The in vivo reaction of a patient’s 
tumour to chemotherapy was evaluated by the attending oncol- 
ogist without knowledge of the in vitro testing. A complete 
response was delined as the disappearance of all tumour 
manifestations for at least 1 month. A partial response required 
at least a 50% decrease of measurable tumour area, and a no 
change a less than 50% decrease or stabilization under therapy. 
Progression was defined as a more than 50% increase of measur- 
able tumour area. For the correlation of in vitro/in vivo results, 
in vivo response was reduced to dichotomy. Only complete and 
partial responses were scored as in vivo sensitivity. No change 
and progression were considerd in vivo resistance. 

Clinical correlations were possible if the patient received the 
chemotherapeutic agents that were also tested in vitro. Since 
most patients received combination chemotherapies for the 
treatment of their solid tumours, further clarification is necessary 
to explain how in vivolin vitro correlations were done. Patients 
achieving clinical responses when treated with two or more 
drugs that were active in vitro were considered to have responded 



Clonogenic Assay vs. in vivo Drug Response 903 

only to the most active agent in the clonogenic assay. Thus, only 
one true positive correlation was recorded in such instances. 
Conversely, for patients showing clinical tumour resistance 
while treated with multiple agents, true negative correlations 
were established for all corresponding drugs being inactive 
in vitro. Patients who clinically progressed while receiving 
combination chemotherapy, but in whom one or more drugs 
were active in v&o, were considered to have true negative 
correlations to the inactive drugs but a false positive correlation 
to the drugs with in vitro activity. This method complies with 
that used by Bertelsen et al. [2] for the analysis of 258 in vitro/in 
vivo correlations. 

For comparison, the results were analyzed with only one 
correlation for clinically resistant tumours. In this case, only the 
results for the least active compound were considered, further 
compounds tested showing lower T/C values were not evaluated. 

RESULTS 
44 patients’ tumours could be assessed for in vivoiin vitro 

response to chemotherapy. There were 31 males and 13 females 
with a median age of 56 years (range 20-73). All patients 
presented with measurable disease. A broad spectrum of tumour 
histologies was studied, including non-small cell (7 cases) and 
small cell (8) lung cancer, melanoma (4), mesothelioma (2) as 
well as carcinomas of the colon and rectum (5), stomach (4), 
testes (4) and various histologies (10). However, the small 
numbers for each tumour type do not allow a comparison of 
correlation among various tumour histologies. 

Table 2 shows the individual in vitro chemosensitivity test of 
a testicular teratoma (tumour designation TXF 881) tested after 
the fourth nude mouse passage. The 23-year-old patient received 
combination chemotherapy with cisplatin, bleomycin and vin- 
blastine resulting in a complete disappearance of the abdominal 
lymph nodes under computed tomography follow-up. Bleomy- 
tin and cisplatin did not reduce colony formation in the clono- 
genie assay. The in vitro test suggested vinblastine as the effective 
cytostatic agent, with a reduction of colony formation at the 
relevant concentration to 26% of control. 

Of 62 in vivoiin vitro correlations, 44 resulted from in vivo 
combination chemotherapies. The clonogenic assay predicted 

Table 2. Indtvidual chemosensitivity testing of testicular teratoma 
TXF 88114 

Drug 
Relevant 

concentration 
High 

concentration 

Doxorubicin 
Bleomycin 
Cisplatin 
Activated cyclophosphamide 
Decarbazme 
S-fluorouracil 
Elmustm: 
Actrvated ifosfamidc 
Mttomvcm 
Etoposide 
Vinblastine 
Vincristine 
Vmdesine 

Total 

_ + 
_ 
+ 

+ i 
+ & 
+ + 

_ - 
+ r 
+ 
+ 
+ + 
+ f 

8113 11113 

- = inactive (T/C > 30%), i = active (T/C CC 30%). 

Table 3. In vitro/in vivo correlation of chemosensitivity 

In vmolin vivo correlation 

Multiple 
comparisons 
per tumour 

One 
comparison 
per tumour 

R!R (true negative) 
S,S (true positive) 

S/R (false positive) 
R/S (false negative) 

Total no. of correlations 

Positive predictive value* 
Negative predictive value+ 

32 17 
16 16 

11 8 
3 3 

62 44 

59% 68% 
91% 84% 

R/R T tumour resistance in clonogenic assayitumour resistance in pati- 
ent; SS = tumour response in clonogenic assayitumour response in 
patient; SiR = tumour response in clonogenic assayitumour resistance 
in patient; and R/S = tumour resistance in clonogenic assayitumour 
response in patient. 
*(SW : (S/R + SS). 
t(R’R) : (R/S -c R/R,. 

correctly for response in 59% and for resistance in 91% (Table 
3). If only one in vitro/in vivo comparison was done for clinically 
sensitive and resistant tumours, a positive predictive value was 
68% and the negative predictive value was 84%. 

19144 patients had in vivo sensitive tumours, yielding a positive 
accuracy of 71% and a negative accuracy of 86% [ 171. In other 
words, the probability that a patient with an in vitro determined 
sensitivity will respond in vivo is 71%, and the probability that a 
patient without an in vitro sensitivity will not respond to clinical 
treatment with that drug is 86%. 

Furthermore, a relation between the percentage decrease in 
colony number and the degree of in vivo response could be 
demonstrated (Table 4). Patients who went into complete 
remission showed the highest average inhibition of colony 
formation in the clonogenic assay (TIC 10%). The degree of 
inhibition of colony formation paralleled the clinical behaviour 
of the tumours in vivo. Tumours of patients showing progressive 
disease gave the lowest average T/C (54%). However, due to the 
small numbers in each group and broad spectrum of values, the 
differences in colony inhibition among adjacent groups were not 
significant (t test). 

The correlation results were additionally analyzed for tumour 
origin. No significant difference could be seen in correlation 
results between tumour material taken from the primary tumour 
compared with that taken from a metastatic site (P > 0.1, Table 
5). 

Table 4. Comparison of clinical tumour response and inhibition of 
colony formation in clonogenic assay 

Inhibitron of colony formatton 
In zJtzJo No. of 
tumour response test5 Average TIC* TIC range 

Complete remission 4 1 OO/a o-349” 
Partial remissron 14 19% l-84% 
No change 4 31qe j-55% 
Progressron 35 5490 3-100% 

*T/C = colony count in most effectrve treatment group/control group. 
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Table 5. In vitro/in vivo correlation of chemosensitivity: influence 
of tumour site 

In vitro/in vivo correlation 
Primary Metastatic 
tumour lesion 

RR (true negative) 12 20 
S/S (true positive) 7 8 

SIR (false positive) 4 6 
R/S (false negative) 1 2 

Total no. of correlations 24 36 

Positive predictive value 64% 57% 
Negative predictive value 92% 91% 

DISCUSSION 
In a comparison of the chemosensitivity of solid human 

tumours in vivo in patients and in vitro in human tumour 
xenografts in the clonogenic assay, correct positive predictions 
for sensitivity were made in 59% of cases and for resistance in 
91%. These results were similar to those reported for direct 
testings of in vivo tumours with fresh human tumour specimens. 
Bertelsen et al. [2] made 258 retrospective correlations and 
found correct positive predictions for sensitivity in 57% and for 
resistance in 92%. These data suggest that the combined model 
(nude mouseiclonogenic assay) can produce correlation results 
that are similar to the direct test. The combined model, however, 
will not find routine prospective application in predicting patient 
tumour response. Major drawbacks are the time required until 
chemosensitivity results are available (2-6 months) as well 
as the cost and expense necessary to maintain nude mice. 
Nonetheless, the advantages of sufficient tumour material and 
assay reproducibility, as well as the good in vivoiin vitro corre- 
lation support the use of the combined model in new drug 
screening. 

Furthermore, the degree of clinical response in vivo paralleled 
the degree of colony inhibition in vitro. These data support the 
approach of using the most effective cytostatic drugs in vitro in 
the prospective treatment directed by the clonogenic assay of 
the cancer patient. However, the ultimate effectiveness of the 
clonogenic assay in this application requires randomized pro- 
spective in vitro/in vivo correlations. 

Particularly disturbing in this respect were the three false- 
negative correlations made. Cytostatic drugs that were active 
in vivo would not have been recognized as active in vitro. 
Interestingly, two false-negative correlations were made for two 
ovarian carcinomas. Whether these results were attributable to 
synergistic effects of the combination chemotherapy in vivo not 
ascertained by individual in vitro drug testing [18] warrants 
further study. 

The correlation results were also examined as regards tumour 
heterogeneity. The heterogeneity of solid tumours in their 
chemosensitivity has been a criticism of the clonogenic assay 
to predict in vivo chemosensitivity. Chemosensitivity differs 
between locations within an individual tumour [19], between 
primary tumour and metastatic lesions [19, 201 and between 
various metastatic lesions of the same primary tumour [ 18, 211. 
The prospective use of the clonogenic assay in predicting tumour 
sensitivity in vitro before in vivo therapy becomes questionable, 
when primary tumour or metastatic lesion chemosensitivity is 
not representative of the entire tumour bulk. The chemosensitiv- 
ity testing in our study used primary tumour or metastatic 

tumour material to ascertain sensitivity. No difference between 
in vivoiin vitro chemosensitivity correlations could be seen in 
differentiating primary tumour and metastatic lesion as tumour 
origin. This result may be explained by the small number of 
correlations made and is undergoing further study. 

Retrospective in vitro/in vivo correlations of chemotherapy in 
patients and in the clonogenic assay have been widely reported. 
Our study was done to determine the value of human tumour 
xenografts for wide-range pretherapeutic cytostatic drug testing 
in a quality-controlled clonogenic assay. The correlation rate for 
the combined model (nude mouseiclonogenic assay) was similar 
to that for direct testing. In addition, patient’s response could 
be predicted with the same accuracy, regardless of tumour origin 
from primary tumour or metastatic site. 
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Anti-proliferative Effects and Phenotypic 
Alterations Induced by S-hydroxyquinoline in 

Melanoma Cell Lines 
Jardena Nordenberg, Abraham Novogrodsky, Einat Beery, Miriam Patia, 

Lina Wasserman and Abraham Warshawsky 

The effect of the transition metal chelator, %hydroxyquinoline (SHQ), was examined on the growth and 
phenotype expression of B16 mouse melanoma cells. Micromolar concentrations of 8-HQ inhibited the growth of 
B16 cells as well as human melanoma cell lines. Removal of 8-HQ from the culture medium restored normal cell 
growth. Growth inhibition by 8-HQ was accompanied by phenotypic alterations that included changes in cell 
morphology, increased production of melanin and enhanced activities of the enzymes y-glutamyl transpeptidase 
and NADPH cytochrome c reductase. These changes might be associated with a better differentiated phenotype. 
EurJ Cancer, Vol. 26, No. 8, pp. 905-907, 1990. 

INTRODUCTION 
THE TRANSITION metal cations, iron, copper and zinc, are 
involved in regulation of metabolic pathways related to cell 
proliferation [ 1, 21. Several groups of chelating agents interfere 
with the growth of various cell types, including melanoma 
cells [24]. 8-hydroxyquinoline (8-HQ) and its halogenated 
derivatives are fungitoxic and amoebicidic [5, 61. Yamato ef al. 
have prepared tropolone derivatives, incorporating 8-quinolinol 
side groups. These compounds inhibit KB human epidermoid 
carcinoma cells in vitro and are highly potent against P-388 
leukaemia in vivo [7-91. We have evaluated the effects of 8-HQ 
on melanoma cell growth and phenotypic expression. 

MATERIALS AND METHODS 
Cell growth 

B16 FlO melanoma cells were plated at 4 x 10” cells per ml 
‘RPM1 1640’, supplemented with 10% fetal calf serum and 
antibiotics in tissue culture dishes (3 cm). In selected exper- 
iments 5 x lo4 SKMEL-28 or RPM1 7951 human melanoma 
cells, MCF-7 breast cancer cells or human fibroblasts derived 
from ascitic fluid of an ovarian cancer patient were incubated in 
0.5 ml growth medium in multiwell plates (0.9 cm). Cultured 
neonatal cardiomyocytes were used as non-proliferating normal 
control cells. Cells were incubated in the absence or presence of 
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8-HQ (Fluka Chemical Corporation) at 37°C in a humidified 
atmosphere of 5% CO2 in air for different times. Cell growth 
was measured by counting cells in a Coulter counter after 
detachment with EDTA (1 mmolil). 

Phenotypic alterations 
Cell morphology was evaluated by light microscopy after 

fixation of the cells with formalin and staining with haematoxy- 
lin-eosin. For assessment of melanin content and enzymatic 
activity of NADPH cytochrome c reductase and y-glutamyl 
transpeptidase, 5 x lo5 cells were plated in 10 ml culture 
medium in the presence or absence of 8-HQ for 72 h. Melanin 
and enzymes were extracted and measured spectrophotometr- 
ically [lO-121. 

Statistical significance of the results was evaluated with paired 
or unpaired t tests. 

RESULTS 
The number of untreated B 16 FlO melanoma cells increased 

23 fold over 92 h of incubation (Fig. 1). 8-HQ inhibited cell 
growth in a concentration dependent manner, leading to com- 
plete growth inhibition at 5 ~molil. Cells remained attached and 
95% viable at concentrations up to 5 ~molil. Higher concen- 
trations were cytotoxic towards the cells. The results in Fig. 2 
show that 8-HQ also inhibited the growth of SKMEL-28 and 
RPM1 7951 human melanoma cells at micromolar concen- 
trations. MCF-7 human breast cancer cells were also found to 
be highly sensitive to growth inhibition by 8-HQ-a 70% 
decrease in cell number was obtained at 5 ~molil. The growth 
of human fibroblasts was inhibited by 40% at 5 kmol/l 8- 


