
Volume 2 – Number 4 • April 2001 O N C O L O G Y  S P E C T R U M S287

ABSTRACT
C u rrent principles and practice of the systemic tre a t m e n t

of cancer rest on the principle of statistics. Based on larg e ,
well controlled randomized studies, statistical likelihoods for
t reatment response and toxicities are derived and applied to
individual patients. While this approach has led to gre a t
advances in medical oncoloogy, the concept to individually
p redict antitumor response has remained attractive. The 
p resent article summarizes various aspects of this appro a c h
as well as potential applications of a variety of assays for
anticancer drug development. 

INTRODUCTION
Over the past decades, successful chemotherapy 

regimens have been identified for a number of malignant
diseases including testicular cancer and some leukemias,
malignant lymphomas, and childhood tumors. These
advances have been achieved by carefully designed,
p rospective clinical studies in large patient populations.
Based on the response rates in these trials, an individual
p a t i e n t ’s probability for response can be estimated.
H o w e v e r, for the majority of cancer patients, only marg i n a l
t reatment is available. There is increasing evidence of
defined phenotypic and genotypic diversity within a
p a t i e n t ’s tumor as well as between diff e rent tumors of 
identical histologic characteristics. If therapies could be
based on relevant biologic markers, better outcomes would
appear feasible. For this reason, several in vitro and in vivo
assays have been investigated for their potential to pre d i c t
an individual patient’s response to chemotherapy. These
assays would be helpful in patients with curable disease
and effective initial therapy if they could identify the occa-
sional patient with primary resistant disease. At pre s e n t ,
t h e re is no convincing evidence that any chemosensitivity
assay has such a predictive power. 

I rrespective of the experimental system used, in vitro
chemosensitivity assays have to cope with several concep-
tual problems. First, the choice of drug concentrations is
a r b i t r a ry since it is unclear which concentration best
reflects the clinical situation. Second, in vitro chemosensi-
tivity assays offer only a limited ability to study intratumor
and intertumor hetero g e n e i t y. Third, experimental condi-
tions interf e re with the usual physiologic micro e n v i ro n m e n t

of a patient’s tumor cells. Finally, the selection pre s s u re on
tumor cells by the experimental system used remains a
variable that is poorly contro l l e d .

Table 1 summarizes in vitro systems that have been used
to predict an individual patient’s response or lack of
response to chemotherapeutic agents. Clonogenic tests can
be distinguished from nonclonogenic tests. Details on these
assays are provided below.

DYE TECHNIQUES
Of the many tests evaluated, none has convincingly

demonstrated its predictive value. A combination of fast
g reen dye, hematoxylin and eosin had promising results in
re t rospective studies.1 , 2 H o w e v e r, final conclusions have to
wait until a prospective evaluation is perf o rm e d .

The tetrazolium assay, another well-known dye tech-
nique, has been used by the National Cancer Institute to
p e rf o rm mass screening of potential anticancer agents.3 , 4

This assay is based on the ability of vital cells to reduce the
compound to a blue formazan product. Thus, the metabolic
activity of cancer cells can be determined by photometry in
a semiautomated fashion. This assay is simple, rapid, 
relatively inexpensive, and can be used conveniently in
cancer cell lines. However, insufficient data are available
with re g a rd to its predictive value if freshly explanted
tumor specimens are used.

R e c e n t l y, a more novel combination of fast green dye
and hematoxylin-eosin staining, the diff e rential staining
cytotoxicity (DiSC) assay, has been re p o rted to impro v e
t reatment outcome in chronic lymphocytic leukemia.5
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TABLE 1. IN VITRO TECHNIQUES USED 
TO PREDICT PATIENT RESPONSE 
TO CHEMOTHERAPY

Nonclonogenic assays
– Dye exclusion
– Fluorescence
– Explant (organoid) cultures
– Precursor incorporation
– Intracellular drug concentrations
– Determination of specific biochemical and 

molecular markers

Clonogenic assays
– Human tumor cloning assay
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F L U O R E S C E N C E
F l u o rescent dyes may be used to determine the in vitro

chemosensitivity of freshly explanted tumor biopsies. In a
recently proposed test, the tissue is not completely 
d i s a g g regated into single cells. Instead, cell clusters,
t e rmed "micro o o rgans," are pre p a red by mechanical or
enzymatic techniques to pre s e rve cell-cell interactions.6 A t
p resent, insufficient information is available on this assay’s
p redictive value.

In another approach, propidium iodide has been used in
conjunction with flow cytometric DNA determinations to
quantify drug effects on tumor cells.7 H o w e v e r, technical
d i fficulties limit this method’s application to primary tumor
specimens, and sufficient data are not yet available to
d e t e rmine a definitive predictive value for clinical
response or re s i s t a n c e .

EXPLANT (ORGANOID) CULT U R E S
S h o rt - t e rm explant cultures were investigated during the

early years of chemosensitivity testing but have been 
abandoned due to technical problems and lack of 
s t a n d a rdization. As mentioned earlier, a recent method
uses staining of tumor cell clusters with fluorescein. In a
series of 50 patients, the sensitivity was re p o rted to be
100% and the specificity 84%.6 These results need to be
c o n f i rmed in larger prospective trials.

PRECURSOR INCORPORAT I O N
P recursor incorporation techniques fulfill a number of

re q u i rements for chemosensitivity assays. They are 
relatively inexpensive, rapid, and feasible in many tumor
types. They also allow for determination of cell gro w t h
kinetic parameters. However, they cannot diff e re n t i a t e
between normal tissue and tumor and may also give 

false-negative results if lethally damaged cells continue
synthesis of macromolecules (eg, DNA) during the 
assay period.

Most commonly, [3H]thymidine incorporation has been
used to directly determine the extent of DNA synthesis.
This can be determined by liquid scintillation counting 
or by autoradiography (thymidine labeling index). The 
latter method is too time-consuming for general use 
but is more specific for malignant cells, and it also allows
for estimates of tumor growth kinetics. The pre d i c t i v e
value of [3H]thymidine incorporation as determined 
by liquid scintillation counting has been heavily
d e b a t e d .8 - 1 1 No definitive prospective trial has yet been
conducted to confirm the encouraging results from 
retrospective studies.

CELLULAR ADHESIVE MAT R I X
Both two-dimensional and three-dimensional matrix

models have been developed but only the two-dimensional
matrix model has undergone clinical studies. Fibro n e c t i n -
and fibrinopeptide-coated plastic surfaces provide a 
selective environment for the culture of tumor cells. After
fixation, cells are stained and the number of cells in the
t reated plates is compared with the number of cells in the
c o n t rol plates. In one re t rospective study, clinical outcome
was related to assay re s u l t s .1 2 H o w e v e r, no large pro s p e c-
tive trial has confirmed these re s u l t s .

INTRACELLULAR DRUG CONCENTRAT I O N S
D e t e rmination of intracellular drug concentrations

re q u i res sophisticated techniques that are specific for each
compound and its metabolites under investigation. 
This approach may be particularly difficult if combination
chemotherapy is used since tumor response and 
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TABLE 2. SPECIFIC BIOCHEMICAL AND MOLECULAR MARKERS FOR DRUG RESISTA N C E

Molecular Alteration M e c h a n i s m Agent Aff e c t e d

Alteration of drug transport
Expression of P-170 glycoprotein Increased drug efflux Miscellaneous17

(“Pleiotropic drug resistance”)

Increased enzyme activity
Glutathion-S-transferase Drug inactivation Alkylating agents18

Aldehyde dehydrogenase Drug inactivation Cyclophosphamide19

Guanin-O6-alkyl transferase DNA repair Nitrosoureas20

Ribonucleotide reductase Increase binding sites urea21

Decreased enzyme activity
Deoxycytidine Kinase  Drug activation
Pyrimidine salvage pathways Drug activation 5-Fluorouracil
Topoisomerase II Decrease of binding sites Anthracyclines24

Epipodophyllotoxins25

Gene amplification
Dihydrofolate reductase Increase of binding sites Methotrexate19

Ribonucleotide reductase Increase binding sites Hydroxyurea21
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patient survival may be influenced by other components of
the regimen. 

Cellular retention of arabinosyl cytidine triphosphate
(Ara-CTP) has been re p o rted to correlate with re m i s s i o n
duration in patients with previously untreated acute 
nonlymphocytic leukemia.1 3 H o w e v e r, other investigators
have not found a correlation between clinical response or
remission duration and formation of Ara-CTP.1 4 - 1 6

T h e re is no definitive evidence that determination of
intracellular drug concentrations has any predictive value
for other antitumor agents.

SPECIFIC BIOCHEMICAL AND 
MOLECULAR MARKERS

Rapid pro g ress has been made to better understand the
mechanisms responsible for drug resistance. Initially,
receptors to female hormones (estrogen and pro g e s t e ro n e )
w e re identified to predict outcome of hormonal treatment in
b reast cancer. Increased understanding of molecular mech-
anisms has guided the development of further markers
such as cerB-B2 to predict treatment outcome in cert a i n
subsets of patients undergoing marker- d i rected tre a t m e n t s
such as trastuzumab. 

Treatment of CD20-overe x p ressing lymphoma cells with
rituximab, another monoclonal antibody specifically
d i rected against a cell surface antigen, has also been 
successful. In addition, determining  the resistance of 
specific molecular markers may allow one to pre d i c t
whether a given agent will be inactive clinically and
whether interf e rence with these mechanisms may be 
helpful to overcome drug resistance. However, this
a p p roach would tell the clinician only what drugs to
exclude from treatment regimens. Table 2 summarizes
i m p o rtant markers of drug re s i s t a n c e .1 7 - 2 5 To date, no defini-
tive trials are available to determine how accurately these
markers predict clinical re s i s t a n c e .

HUMAN TUMOR CLONING ASSAY
Clonogenic assays have been most thoroughly studied

for their potential to predict an individual patient’s
response to chemotherapy. The endpoint of these assays is
d rug-mediated inhibition of cellular proliferation of malig-
nant cells in vitro .2 6 - 2 8 In principle, tumor tissue is disaggre-
gated to yield single cells. The cell suspension is then
exposed to antitumor agents. After removal of the dru g s ,
the cell suspension is seeded into a semisolid medium
(agar or methylcellulose) to selectively inhibit pro l i f e r a t i o n
of nonmalignant cells. After 2 to 4 weeks, clonogenic tumor
cells will have undergone several divisions and form e d
tumor cell colonies that can be counted. Colony form a t i o n
by dru g - t reated cells is expressed relative to colony 
f o rmation of untreated cells in contro l s .

M o re than 2,000 patients have been studied in 
re t rospective and prospective trials using clonogenic
assays. Table 3 summarizes the cumulative results of
2,300 clinical corre l a t i o n s .2 9 A c c o rding to these data,
t h e re is a 69% probability that a patient will have a 

clinical response if the tumor specimen is sensitive in
v i t ro. If the tumor is resistant in vitro, the patient has only
a 9% chance for a clinical response. Although these corre-
lations are far from optimal, they are in the same range as
other clinically accepted assays, such as the determ i n a t i o n
of estrogen- or pro g e s t e ro n e - receptor status in breast 
cancer patients to predict clinical response to endocrine
t h e r a p y. A recently published, prospective, randomized
c o rrelative trial compared assay-guided therapy with 
c l i n i c i a n ’s choice of drugs, and results indicate that 
assay-guided chemotherapy may lead to higher re s p o n s e
r a t e s .3 0 Although there was no diff e rence in surv i v a l
between these groups, this study provides encouraging
leads for future clinical trials.

Applicability of clonogenic assays on a larger scale is
limited. These techniques are time-consuming and not yet
optimized. Twenty to fifty percent of tumor specimens
(depending on tumor type) will not grow in vitro to give 
s u fficient numbers of colonies for chemosensitivity testing.
F u rt h e rm o re, no definitive clinical trial has yet been 
p e rf o rmed to demonstrate prolonged patient survival by
assay-guided chemotherapy. 

Clonogenic assays have been combined with [3H]thymi-
dine incorporation to increase the number of evaluable
specimens and to decrease incubation time.3 1 H o w e v e r, the
experimental endpoint in this assay is no longer dire c t
visualization of clonal proliferation. Instead, the amount of
DNA-bound radioactivity is determined and considere d
re p resentative of cell growth. The relationship between
colony formation and [3H]thymidine incorporation is 
nonlinear and an algorithm has been developed for 
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TABLE 3. S U M M A RY OF 2,300 CLINICAL CORRELA-
TIONS USING CLONING ASSAYS TO PRE-
DICT CLINICAL RESPONSE OR LACK OF
RESPONSE FOR AN INDIVIDUAL PAT I E N T

N %

True Positive 512 69

False Positive 226 31

True Negative 1,427 91

False Negative 135 9

TOTAL 2,300

Sensitivity* 79

Specificity† 86

Positive Predictive Value‡ 69

Negative Predictive Value§ 91

* Sensitivity = True Positives 
True Positives + False Negatives

† Specificity = True Negatives
True Negatives + False Positives

‡ Positive Predictive Value = True Positives
True Positives + False Positives

§ Negative Predictive Value = True Negatives
True Negatives + False Negatives
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c o n v e r s i o n .3 2 No prospective trial has been perf o rmed to
study the predictive value of this improved system.

S U M M A R Y
Over the past 40 years, numerous attempts have been

made to develop in vitro systems to predict an individual
p a t i e n t ’s response to chemotherapeutic agents. An ideal
system would be rapid, reliable, inexpensive, simple, and
applicable to all tumors. At present, no such assay is avail-
able, and even the most extensively studied assays will
identify agents that do not work more often than agents that
will. The lack of clinically active agents is an import a n t
factor for the evaluation of any predictive assay, and there
clearly is an urgent need for more active compounds. Here ,
chemosensitivity and molecular marker assays may be of
g reat value. With a few exceptions for specific molecular
markers, routine use of global assays in the clinical setting
is still pre m a t u re.  

REFERENCES
1 . Weisenthal LM, Dill PL, Kurnick NB, Lippmann ME. Comparison of 

dye exclusion assays with a clonogenic assay in the determination of 
d rug-induced cytotoxicity. Cancer Res. 1983;43:258-264. 

2 . Weisenthal LM, Marsden JA, Dill PL, Macaluso CK. A novel dye
exclusion method for testing in vitro chemosensitivity of human
tumors. Cancer Res. 1983;43:749-747. 

3 . Hongo T, Fuji Y, Igarashi Y. An in vitro chemosensitivity test for the
s c reening of anti-cancer drugs in childhood leukemia. C a n c e r.
1990;65:1263-1272. 

4 . S c h royens W, Tueni E, Dodion P, et al. Validation of clinical pre d i c-
tive value of in vitro colorimetric chemosensitivity assay in head and
neck cancer. Eur J Cancer. 1990;26:834-838. 

5 . Bosanquet, AG, Bosanquet MI. Ex vivo assessment of drug re s p o n s e
by diff e rential staining cytotoxicity (DiSC) assay suggests a biological
basis for equality of chemotherapy irrespective of age for patients with
c h ronic lymphocytic leukaemia. L e u k e m i a . 2 0 0 0 ; 1 4 : 7 1 2 - 7 1 5 .

6 . Rotman B. Fluorescent cytoprinting: a simple non-destructive pro c e s s
for assessing chemosensitivity in micro - o rgan cultures. P roc Am Assoc
Cancer Res. 1989;30:654-655. 

7 . Funa K, Dawson N, Jewett PB, et al. Automated fluorescent analysis
for drug-induced cytotoxicity assays. Cancer Res. 1986;70:1147-1151. 

8 . Daidone MG, Silvestrini R, Sanfilippo O, Zaff a roni N, Varini M, De
Lena M. Reliability of an in vitro short - t e rm assay to predict the dru g
sensitivity of human breast cancer. C e l l . 1985;56:450-456.  

9 . M a t t e rn J, Volm M. Clinical relevance of predictive tests for cancer
c h e m o t h e r a p y. Cancer Treat Rev. 1982;9:267-298. 

1 0 .Sanfilippo O, Silvestrini R, Zaff a roni N, Piva L, Pizzocaro G. 
Application of an in vitro antimetabolic assay to human germ cell
testicular tumors for the preclinical evaluation of drug sensitivity.
C a n c e r. 1986;58:1441-1447.  

1 1 .Akiyoshi T, Wada T, Nakamura Y. Clinical correlations with
chemosensitivities measured in a simplified tritiated thymidine
incorporation assay in patients with malignant effusion. O n c o l o g y.
1990;47:418-421. 

1 2 . Ajani JA, Baker FL, Spitzer G, et al. Comparison between clinical
response and in vitro drug sensitivity of primary human tumors in the
Adhesive Tumor Cell Culture system. J Clin Oncol. 1 9 8 7 ; 5 : 1 9 1 2 - 1 9 1 5 .

1 3 .P reisler HD, Rustum Y, Priore RL. Relationship between leukemic
cell retention of cytosine arabinoside triphosphate and the duration
of remission in patients with acute nonlymphocytic leukemia. Eur J
Cancer Clin Oncol. 1985;21:23-30.  

1 4 .Plunkett W, Iacobini S, Keating MJ. Cellular pharmacology and
optimal therapeutic concentrations of 1-beta-D-arabinofuranosylcy-
tosine 5’-triphosphate in leukemic blasts during treatment of re f r a c-
t o ry leukaemia with high-dose 1-beta-D-arabinofuranosylcytosine.
Scand J Hematol. 1986;34: 51-59. 

1 5 .Ross DD, Thompson BW, Joneckis CC, Akman SA, Schiffer CA.
Metabolism of Ara-C by blast cells from patients with ANLL. B l o o d .
1 9 8 6 ; 6 8 : 7 6 - 8 2 .

1 6 .Rustum Y, Riva C, Preisler HD. Pharmacokinetic parameters of 1-
beta-D-arabinofuranosylcytosine and their relationship to intracel-
lular metabolism of ara-C, toxicity, and response of patients with
acute non-lymphocytic leukemia treated with conventional and high
dose ara-C. Semin Oncol. 1987;14:141-148. 

1 7 .Gerlach JH, Kartner N, Bell DR, Ling V. Multidrug re s i s t a n c e .
Cancer Surv e y s . 1986;5:25-46.  

1 8 .Hamilton TC, Winker MA, Louie KG, et al. Augmentation of 
adriamycin, melphalan, and cisplatin toxicity in dru g - resistant 
and -sensitive human ovarian cancer cell lines by buthionine 
sulfoximine mediated glutathione depletion. Biochem Pharm a c o l .
1985;34:2583-2586.  

1 9 .Hilton J. Role of aldehyde dehydrogenase in cyclophosphamide-
resistant L1210 leukemia. Cancer Res. 1984;44:5156-5160. 

2 0 .Ewig RAG, Kohn KW. DNA damage and repair in mouse leukemia L
1210 cells treated with nitrogen mustard, 1,3-bis(2-chloro e t h y l ) - 1 -
n i t ro s o u rea, and other nitro s o u reas. Cancer Res. 1977;37:2114-2122. 

2 1 .Choy BK, McClarty GA, Chan AK, Thelander L, Wright JA. 
Molecular mechanisms of drug resistance involving ribonucleotide
reductase: hydro x y u rea resistance in a series of clonally re l a t e d
mouse cell lines selected in the presence of increasing drug 
concentrations. Cancer Res. 1988;48:2029-2035. 

2 2 .Drahovsky D, Kreis W. Studies on drug resistance: II. Kinase
p a t t e rns in P815 neoplasms sensitive and resistant to 1-beta-D-
arabinofuranosylcytosine. Biochem Pharm a c o l . 1970;19:940-944. 

2 3 .Mulkins MA, Heidelberger C. Isolation of fluoro p y r i m i d i n e - re s i s t a n t
murine leukemic cell lines by one-step mutation and selection.
Cancer Res. 1982;42:956-964. 

2 4 .D e ffie AM, Batra JK, Goldenberg GG. Direct correlation between
DNA topoisomerase II activity and cytotoxicity in adriamycin-
sensitive and -resistant P388 leukemia cell lines. Cancer Res.
1989;49:58-62. 

2 5 .Glisson B, Gupta R, Hodges P, Ross W. Cro s s - resistance to interc a-
lating agents in an epipodophyllotoxin-resistant Chinese hamster
o v a ry cell line: evidence for a common intracellular target. C a n c e r
R e s . 1986;46:1939-1942. 

2 6 .C o u rtenay VD, Mills J. An in vitro colony assay for human tumours
g rown in immune-suppressed mice in vivo with cytotoxic agents. Br J
C a n c e r. 1978;37:261-268. 

2 7 .H a m b u rger AW, Salmon SE. Primary bioassay of human tumor stem
cells. S c i e n c e . 1977; 197:461-463. 

2 8 .Hanauske A-R, Hanauske U, Von Hoff DD. The human tumor
cloning assay in cancer re s e a rch and therapy. C u rr Probl Cancer.
1985;9:1-50.  

2 9 .Von Hoff DD. He’s not going to talk about in vitro predictive assays
again, is he? J Natl Cancer Inst. 1 9 9 0 ; 8 2 : 9 6 - 1 0 1 .

3 0 .Von Hoff DD, Sandbach JF, Clark GM, et al. Selection of cancer
chemotherapy for a patient by an in vitro assay versus a clinician
[see comments]. J Natl Cancer Inst. 1 9 9 0 ; 8 2 : 1 1 0 - 1 1 6 .

3 1 .Tanigawa N, Kern DH, Hikasa Y, Morton DL. Rapid assay for 
evaluating the chemosensitivity of human tumors in soft agar culture .
Cancer Res. 1982;42:2159-2164. 

3 2 .K e rn DH, Weisenthal LM. Highly specific prediction of antineo-
plastic drug resistance with an in vitro assay using suprapharm a c o-
logic drug exposures. J Natl Cancer Inst. 1 9 9 0 ; 7 : 5 8 2 - 5 8 8 .

Volume 2 – Number 4 • April 2001 O N C O L O G Y  S P E C T R U M S

Pharmacy Practice

0401 PhPHanauske 3.14.mm  2/17/16  10:49 AM  Page 290


