Eur ] Cancer Clin Onool, Vol. 25, No. 7, pp. 1031-1033, 1989. 0277-5379/89%$3.00 + 0.00
Printed in Great Britain © 1989 Pergamon Press plc

Commentary

Human Tumor Clonogenic Assay: What is New?

E.A. TUENI
Service de Médecine et Laboratoire & Investigation Clinique H.J. Tagnon, Centre des Tumeurs de I Université Libre de Bruxelles, Rue
Héger-Bordet 1, 1000 Bruxelles, Belgium

(A COMMENT ON: Neumann HA, Herrmann DB, Fiebig HH, Engelhardt R. Treatment of human
clonogenic tumor cells and bone marrow progenitor cells with bleomycin and peplomycin under 40.5°C
hyperthermia in vitro. Eur J Cancer Clin Oncol 1989, 25, 99-104.)

AcTivE chemotherapeutic agents are rare, provide as ‘disease oriented’, based on the use of panels of
only palliation in most advanced solid tumors and celllines representing different tumor types [6]. The
are responsible for a limiting dose-dependent tox- main advantage of using cell lines over fresh tumors
icity in normal cells. Therefore it is important to is that they provide a potentially unlimited amount
develop new active and less toxic drugs for the of material to work with and that they are easy
treatment of cancer. The classical murine based to handle and to store. However, the biological
screening program for new drugs, used by the behavior and the chemosensitivity of permanent cell
NCI over the last three decades, has been rather lines, since they represent through their culture
disappointing and effort has been put into develop- conditions selected populations of tumor cells, may
ing analogs to known active drugs with the hope of be representative neither of the chemosensitivity of
finding either a wider and different range of activity fresh tumors with the same histologies, nor even of
or a lower toxicologic profile with respect to the the fresh tumors from which they were derived [7].
parent compounds. Improving the results achieved When dealing with in vitre chemosensitivity
with available active drugs can be performed by assays, the drug concentration used is an important
combination therapies, or by associations with issue. Most of the drugs that do not require bioactiv-
potentiating agents or with other therapeutic ation can be cytotoxic in vitro at a randomly chosen
modalities such as irradiation, immunotherapy or and maybe inadequately high concentration. One
hyperthermia. way of avoiding false positive results is to use
The prediction of individual response to chemo- fractions of peak plasma concentrations achieved in
therapy is a perpetual challenge in cancer. Clono- vivo. However, these values are sometimes highly
genic and non-clonogenic in vitro chemosensitivity variable from one publication to another and this
assays using fresh tumor biopsies from investigated information is missing for investigational drugs.
patients have been very accurate in such predic- Since most chemotherapeutic agents produce a
tions, particularly when the tumors were resistant clinical limiting myelotoxicity, many investigators,
todrugs [1]. However, the routine use of such assays following a concept pioneered by Hug et al. [8],
has historically been limited by the poor growth of derive from experiments performed in vitro on
these fresh tumors yielding only few successful human marrow cells a concentration range to test
and interpretable results. Fortunately, improved against tumor cells. This defines an in vitro ‘thera-
culture methods developed over the last few years peutic index’ for drugs. The clinical implications of
seem to have overcome this problem [2—4]. Starting such a model have recently been discussed by Ajani
from the observation that drugs inactive in the et al. [4], and we recently developed a similar system
murine screening model were cytotoxic in vitro using murine permanent hematopoietic progenitor
against fresh tumors [5], the NCI is currently inves- cells [9].
tigating a new in vitro screening program described Bleomycins (bleomycin A and B) are a part of

many curative chemotherapeutic regimens, particu-
larly in the management of lymphomas and germi-
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et al. previously showed that the cytotoxicity of these
drugs could only be enhanced in vitro by high
temperatures (above 42°C) [10]. With the fresh
tumor model, Neumann ¢t al. demonstrated that
even a mild temperature of 40.5°C, easily achievable
in the clinic for the treatment of disseminated dis-
eases, could potentiate the in vitro effect of these
drugs [11]. In a recent issue of this journal, these
authors compared results achieved with mild hyper-
thermia associated with bleomycins and one analog,
peplomycin, against fresh tumor biopsies and xeno-
grafts, using a clonogenic assay. Peplomycin has
been selected for clinical trials on the basis of
preclinical studies that proved similar to better
toxicity against different tumor models and less
pulmonary fibrosis in animal models when com-
pared to the parent compound [12]. They also
studied the effect of drugs with or without hyperther-
mia on human marrow cells taken as reference.

The main criticism one could raise against this
article concerns some aspects of the methodology
described by the authors. The technique of tumor
culture used is easier to perform than classical
bilayer methods [1], but yields poor cloning
efficiencies (number of evaluable tumor colonies
per cells seeded) as compared to the improved
techniques mentioned above.

Nevertheless, this article discloses fundamental
aspects of in vitro thermochemosensitivity of cells,
likely to be tested in the clinic.

The most important finding was that 2 h of mild
hyperthermia had no adverse effect per se on the
marrow cells, nor did it potentiate the toxicity of
chemotherapeutic agents on these normal cells in
vitro. If this could be verified by clinical studies, a
higher therapeutic index could be achieved in vivo
with the combination of total body, mild hyperther-
mia and drugs.

When comparing bleomycin and peplomycin tox-
icities against tumor cells and the enhancing effect
of mild hyperthermia, it is important to notice
that the tumor types used in zitro (melanoma, lung
carcinoma, myosarcoma, gall bladder carcinoma),
are all known to be refractory to chemotherapy in
the clinic. One could postulate since chemosensitiv-
ity results were not shown that these tumors were
also, on the average, very resistant to drugs #n vitro.
If this was true, it is unlikely that hyperthermia

could enhance the weak cytotoxicity of drugs in
most of the cases. This could explain why only 3/13
(23%) tumors exhibited a hyperthermic enhance-
ment. This reasoning is strengthened by results of
a similar published study using an active drug
(cisplatin), against a sensitive tumor (ovarian carci-
noma), where 43% of the tumors exhibited a ther-
mal enhancement of drug cytotoxicity i vitro [13].
The authors reported that peplomycin was in half
of the cases more active than bleomycin. Based on
the published figures of the three cases that showed a
thermal enhancement, the 1c50 (drug concentration
achieving 50% inhibition of colony growth) of peplo-
mycin was 10-fold lower than that of bleomycin.
On the other hand, on marrow cells, bleomycin
appears to be 10 times more cytotoxic than peplo-
mycin. This means that, at least in these three
cases and in agreement with preclinical studies,
peplomycin has an in vitro therapeutic index much
higher (almost 2 log) than the parent compound.
Although exhibiting different comparative toxicities
on individual tumors, both drugs were enhanced
in the same tumors. This might reflect similar
mechanisms of action and of thermopotentiation.

Another important finding in the article is that
in one tumor, drug cytotoxicity was inhibited by
hyperthermia. Similar occasional cases have been
published by the same authors and by others
(13, 14].

If all these conclusions could be validated by
prospective clinical trials, this model could be very
useful for screening and comparing drugs and anal-
ogs that could be selected for clinical mild
hyperthermia—chemotherapeutic studies. On a
more individual basis, this method could differen-
tiate three categories of patients: in the first cate-
gory, mild hyperthermia might potentiate the ben-
eficial effect of chemotherapy. One might guess that
in known sensitive tumors and with active drugs,
this would be the case in 40-50% of the patients,
whereas in resistant tumors, only 20-30% of them
would exhibit a beneficial effect with the association
of hyperthermia and chemotherapy. The second
category would consist of patients in whom mild
hyperthermia does not potentiate the effect of drugs
and, finally, the third category would be represented
by patients in whom mild hyperthermia might
exhibit an adverse effect on drug cytotoxicity.

REFERENCES

1. Hanauske AR, Hanauske U, Von Hoff DD. The human cloning assay in cancer research
and therapy. Curr Problems Cancer 1985, 9, 6-22.

2. BakerF, Spitzer G, Ajani JA et al. Drug and radiation sensitivity measurements of successful
primary monolayer culturing of primary tumor cells using cell-adhesive matrix and
supplemented medium. Cancer Res 1986, 46, 1263—1274.

3. Ali-Osman F, Beltz PA. Optimization and characterization of the capillary human tumor
and clonogenic cell assay. Cancer Res 1988, 48, 715-724.

4. Ajani JA, Baker FL, Spitzer G et al. Comparison between clinical response and iz vitro drug



14.

Commentary

sensitivity of primary human tumors in the adhesive tumor cell culture system. J Clin Oncol

1987, 5, 1912-1921.

. Shoemaker RH. New approaches to antitumor dug screening: the human tumor colony-

forming assay. Cancer Treat Rep 1986, 70, 9-12.

. Alley MG, Scuderio DA, Monks A et al. Feasibility of drug screening with panels of human

tumor cell lines using a microculture Chlorotium assay. Cancer Res 1988, 48, 589-601.

. Einspahr J, Alberts DS, Gleason M, Dalton WS, Leibovitz A. Pharmacologic pitfalls in

the use of the MTT versus human tumor clonogenic: HTCA assay to quantitate the
chemosensitivity of human tumor all lines. Proc Am Ass Cancer Res 1988, 1956.

Hug V, Thornes H, Blumenschein GR, Spitzer G, Drewinko B. Normalization of in vitro
sensitivity testing of human tumor clonogenic cells. Cancer Res 1984, 44, 923-928.

Tueni E, Newman RA, Baker F, Ajani JA, Fan D, Spitzer G. In vitro activity of bleomycin,
tallysomycin S10b and liblomycin against fresh human tumor cells. Cancer Res 1989, 49,
1099-1102 '

. Hahn GM. Hyperthermia to enhance drug delivery. In: Chabner BA, ed. Rational Basis for

Chemotherapy. New York, Alan R. Liss, 1982, Vol. 4, 427-430.

. Neumann HA, Fiebig HH, Léhr GW, Engelhardt R. Effects of cytostatic drugs and 40.5°C

hyperthermia on human clonogenic tumor cells. Eur | Cancer Clin Oncol 1985, 21, 515-523.

. Louie AC, Cover RC, Formen RH, Comis RL, Franks CR. Peplomycin and tallysomycin

Siob: two bleomycin analogs. In: Sikic BI, Rozencweig M, Carter SK, eds. Bleomycin
Chemotherapy. Orlando, Academic Press, 1985, Ch. 22, 277-281.

. Runge HM, Neumann HA, Braun K, Pfleiderer A. In vitro thermo-chemotherapy in ovarian

cancer. In: Hinkelbein W, Bruggmoser G, Engelhardt R, Wannenmacher M, eds. Preclinical
Hyperthermia. Berlin, Springer, 1988, Vol. 109, 215-223.

Calabro A, Singletary SE, Spitzer G, Cavaliere R. Hyperthermia potentiation of Adriamy-
cin® and cis-platinum in the primary human adhesive tumor cell culture system. Proc Am
Ass Cancer Res 1988, 2044.

1033



