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THE WORDS in the title of this editorial rcfcr to 
methods used for testing the chcmoscnsitivity of 

fresh human tumor spccimcns. The cxistcncc of 
such a multitude of tcchniqucs implies that no 
one single tcchniquc is prcscntly considcrcd to be 
cntircly satisfactory. This editorial will deal largely 
with the last of the above tcchniqucs, but I will 
begin with a brief consideration of some issues 
relating to all of the techniques. 

The starch for a useful tumor chcmoscnsitivity 

test dates back at least to 1954 [l]. A large number 
of assay end points have been proposed [2-41. 
During the last 10 years, clonogenic assays have 
been most widely studied. A variety of arguments 
have been advanced purporting to illustrate the 
superiority of this particular assay end point over 
the others [2, 31. A particular argument commonly 
advanced has been the possibility that cxposurc to 

drugs or other lethal insults may product a dcgrcc 
of ccl1 damage which is not immcdiatcly apparent 
but which bccomcs cvidcnt only following the pass- 
age of multiple gcncrations of ccl1 divisions fol- 
lowing the toxic insult. A countcrargumcnt is that 
a meaningful clinical rcsponsc most probably 
rcquircs the killing of multiple logs of proliferating 
cells [2]. The cvcntual killing of multiple logs of 

proliferating cells may, in turn, bc prcdictcd by 
the observation of early cvidcncc of ccl1 damage in 
the entire tumor ccl1 population, as has been seen 
in many diffcrcnt in vitro and in vivo tumor systems 
[2]. A number of potentially useful assay systems 

arc based upon the principle of measuring Carl) 
tumor ccl1 damage following toxic insults. Thcsc 

include assays based upon dye exclusion 15, 61, 
dye reduction [ 1, 71, incorporation of radioactive 

DNA precursors [8, 91, and measuring changes in 
the size of tumor fragments implanted undcrncath 
the renal capsule of normal mice [lo]. A variety 
of additional arguments have also been ad\:anccd 
with regard to the validity of clonogcnic vs. non- 
clonogcnic end points [2]. 

Probably too much emphasis has been placed 
on the dcgrcc to which the physiology of a tumor 
assay system models the physiology of the tumor 
cells in the patient. It may be possible to obtain 
some very useful information from assay systems 
which are dccidcdly unphysiologic. Such an 
unphysiologic assay system is described by Parsons 
and co-workers in the current issue of this journal. 
For the purposes of a useful chemosensitivity assay, 

we must have a means of discriminating bctwccn 
cells which arc scnsitivc to trcatmcnt with a given 
agent and cells which arc resistant to trcatmcnt 
with the identical concentration or dosr of the same 
agent. The mechanism of cytotoxicity induced by 
the drug may bc entirely unrclatcd to what is bring 
mcasurcd by the assay system and yet the assay 
system may accurately rcflcct the mechanism hy 
which cells bccomc resistant to the drug. As an 
cxamplc, consider the following situation. 

Thcrr is considcrablc sprculation that an 
important mechanism for rcsistancc to certain 
drugs may bc rclatcd to the ability of resistant cells 
to rid thcmsclvcs of toxic agents through thr use 
of an active mcmhranc pump. A ccl1 that was 

9 



IO Perspeches and Commenlariej 

very efficient at pumping out unwanted substances 
could become resistant to a number of drugs with 
unrelated mechanisms of toxicity [ 11, 121. Now, a 

certain concentration of drug might bc required to 
interrupt long-term ccl1 proliferation in 90% (one 
log) of cells, while a higher concentration of drug 
might be required to kill the same number of 
cells outright within the first cell cycle gcncration 
following drug exposure. Presumably, however, 
one could calibrate an assay system which mcas- 
ured long-term cell proliferation at a lower drug 
concentration than the drug concentration 
required to calibrate an assay system based upon 

early cell death. At the fixed drug concentrations 
thus calibrated for each assay system, both assay 
systems might bc equally good at discriminating 
between populations of cells with differing abilities 
to pump out toxic substances. As a corollary to 
this, both assays might be equally accurate in 
detecting the activity of agent which could cir- 
cumvent drug resistance by means of inactivating 

the membrane pump. If one were intcrcstcd in 
identifying potential agents to bc used for cir- 
cumventing drug rcsistancc through this mcchan- 
ism, the choice of which assay to USC would be 
based upon factors such as which systems were 
more practical and efficient. 

The same sort of reasoning would also apply to 
the detection and circumvention of other mcch- 
anisms of resistance such as glutathione contrnt 
and repair capacity of the tumor ~11s. If invcs- 
tigators were to put forth more effort into using 
presently available assay systems appropriately to 
discover and test new methods of circumventing 
drug rcsistancc in fresh human tumor spccimcns, 
it is my prcjudicc that surprising progress in 
improving cancer chcmothcrapy might bc 
achieved. It is time to stop quibbling about which 
approach to chemoscnsitivity-testing is most thco- 
rctically pure and intcllcctually satisfying, and to 
begin selecting assay systems for specific appli- 
cations based upon their practicality and usc- 
fulness for these specific applications. 

This brings us to a consideration of the potential 
practicality and uscfulncss of the adcnovirus rcp- 
lication assay of Parsons et al., dcscribcd clscwhcrc 
in this issue. 

Thcsc authors have described two scparatc 
assays, both based upon replication of adcnovirus 
in the tumor cells to bc mcasurcd. The first assay 
is termed the host ccl1 reactivation assay (HCR). 
In this assay, the virus (a double-stranded DNA 
virus) is incubated with the drug to bc tested and 
then the trcatcd virus is added to thr cultures of 
host tumor cells and allowed to rcplicatc. At the 
conclusion of the assay, the cells arc exposed to a 
virus antiserum and stained with immuno- 
pcroxidasc. 

The number of immunopcroxidasc positive cells 
in the bottom of the microtitcr wells arc then 
counted and compared to control wells. Thus, the 
HCR assay compares the ability of host cells to 
repair the damaged viral DNA. This assay is obvi- 
ously of USC only in discriminating bctwccn cells 
in which the difference bctwccn sensitivity and 
rcsistancc is based upon differing abilities of the 
cells to repair damaged DNA. The test might bc 
expected to have some validity in measuring those 
treatment modalities depcndcnt upon DNA 
damage, such as treatment with alkylating agents 
and radiation. One would not cxpcct the test to 
be accurate in discriminating bctwccn scnsitivc 
and resistant cells in which rcsistancc to an agent 
is related to factors such as the content of a target 
cnzymc in the target cell, mcmbranc transport of 
the antincoplastic drug, or glutathionc content in 
the target cell. As a corollary, one would not expect 
the test to be useful for testing sensitizing agents 
which may act by means of inhibiting an enzyme 
pathway at an alternative site, inhibiting a mem- 

brane pump which rids the tumor ccl1 of toxic 
drugs, or depleting intracellular glutathione. On 
the other hand, the test might well be useful in 
measuring the endogenous ability of different cells 
to repair DNA damage and to test possible sen- 
sitizing agents which may work by inhibiting these 
repair mechanisms. 

A most exciting potential application of this 
technology is the ability to study DNA repair 
mechanisms in nondividing cells. For cxamplc, 
previous studies of radiation scnsitility have shown 

that proliferating ccl1 populations are highly scn- 
sitivc to radiation damage in vi/ro. Diffcrcnccs 
between the in vitro radioscnsitivitics of pro- 
liferating tumor cells arc surprisingly small com- 
pared to the known diffcrrnccs bctwccn clinical 
radioscnsitivitics of different types of tumors. It is 
possible that clinical radiosensitivity may bc more 
closely rclatcd to the ability of temporarily non- 
dividing tumor cells to repair DNA damage, and 
the HCR assay offers a potential means of directly 
comparing the ability of nonprotifcrating, fresh 
human tumor specimens to repair DNA damage. 
Other potential advantages of this assay system 
include the rcquircmcnt for relatively small num- 
bers of tumor cells and the short time course 
required for the assay. 

Experimental data suggesting the validity of thr 
HCR assay include the following: first, there was 
a good correlation bctwccn the HCR assay and a 
cell survival assay based upon tritiated thymidinc 
incorporation. These cxpcrimcnts wcrc pcrformcd 
in cstablishcd ccl1 lines using MTIC, an agent 
thought to bc cytotoxic by virtue of alkylating 
DNA. (Some rcviewcrs might quarrel that the virus 
assays were not compared to clonogcnic assays, 
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but tritiatcd thymidine incorporation assays have 
been shown by several authors to correlate closely 

with clonogcnic assays-e.g. [9]). Additionally, the 
authors showed that the majority of primary cell 
cultures of malignant mrlanoma were “resistant” 
in the assay, which is what one would expect on 
the basis of clinical cxpcricncc. Finally, there was 
a good correlation between the HCR assay in pri- 
mary ccl1 cultures from fresh human tumor spcci- 
mcns and the results in corresponding cell lines 
cstablishcd from the primary tumors in three out 
of four cases. 

.A rclatcd, but potentially cvcn more useful assay 
was tcrmcd the viral capacity assay. In this assay, 
the tumor cells (not the virus) were treated with 
drugs and the trcatcd tumor cells wcrc then 
infcctcd with untrcatcd virus. The same immuno- 

pcroxidasc end point as in the HCR assay was 
utilized to dctcrminc how many- cells were infcctcd. 
The viral capacity assay is based upon the concept 
that some of the same key enzymes required for 
replication of host cell DNA may also be rcquircd 
for replication of viral DNA. If these enzymes 
arc inhibited by antimetabolic drugs, then viral 
replication may bc inhibited along with host cell 

replication. Examples of such key cnzymcs arc: 
ribonuclcotidc rcductasc, dihyrofolatc rcductasc, 
and thymidylatc synthctasc. It is also possible that 
any cytotoxic drug might produce a dcgrcc of non- 
specific damage which would inhibit the ability of 
the ccl1 to rcplicatc viral DNA. Thus the viral 
capacity assay. could potentially provide useful 
information about a wide spectrum of drugs includ- 
ing both specific antimctaholitcs as well as drugs 
which work thromgh less specific mechanisms. 
Thcrc arc some obvious thcorctical problems, how- 
cvcr. For rxamplc, some enzymes required to rcp- 
licatc viruses might not thcorctically bc identical 
to thr corresponding enzymes required for cell div- 
ision. Additionally, the quantity of these cnzymcs 
may bc different in proliferating cells than in non- 
proliferating ~11s. If drug resistance were related 
to the quantity of a particular enzyme present 
within a proliferating cell, then performing tests in 
non-proliferating cells may or may not provide 
useful information ahout drug resistance. 

the viral capacity assay. The major discrepancy 
was in the case of mclphalan, which was highly 

toxic to the cells but which had a ncgligiblc influ- 
ence on viral capacity. It must be noted that these 
assays wcrc pcrformrd on established cell lines in 
which thcrc was presumably a very high pcr- 
ccntagc of proliferating cells. The authors did not 
test a viral capacity assay on fresh specimens of 
human tumor cells. Thus, we do not know whether 
or not viral capacity in non-proliferating Cells will 
correlate with drug sensitivity and resistance in 
uivo. Despite the lack of correlative data in fresh 
human tumor spccimcns with the viral capacity 

assay, it is quite possible that this assay could be 
of value in testing for potential agents which may 
rcvcrsc drug rcsistancc by means of mechanisms 
such as inhibiting the biosynthesis of a key molc- 
cult at an altrrnativc enzyme site, inactivating 

a membrane pump for drug export, or depleting 
intracellular glutathionc. The fact that this assay 
offers a potential means of studying such 
approaches to rcsistancc modification in fresh 
human tumor spccimcns is an exciting possibility 
which should be explored. 

A final notr of caution, howcvcr, is that one 
must distinguish bctwcen cffccts on tumor cells vs. 
non-tumor cells in assays performed on fresh 

human tumor specimens. The authors claim that 
fibroblast contamination is not a problem under 
their growth conditions. Additionally, thry state 
that the antiviral immunopcroxidasc stain only 
labeled the nucleus of fibroblasts, while it labeled 
the cntirc ccl1 in the case of tumor cells. Finally, 
they stated that macrophages washed away during 
their staining procedure, and thus thcrc was no 
problem distinguishing between tumor cells and 
normal cells. It would appear that thcrc might 
be a potential prohlcm with tumors growing in 
suspension culture (such as hcmatologic ncoplasms 
and small cell lung cancer), which may contain 
macrophagcs and other normal cells. Xdditionally, 
it is not certain that measures used to restrict 

fibroblast growth (such as reducing calcium in the 
culture media) would not also alter chcmo- 
sensitivity in an artifactual manner. Thcsr and 
other issues must he addressed in future work. 

Thr authors did compare the effect of two dif- The above rcscrvations notwithstanding, it 
ferent antimctabolitcs (deoxyadcnosinc and would appear that the creative technology prc- 

hydroxyurca) in three diffcrcnt established ccl1 scnted here is likely to have a useful role fbr specific 
lines. Thcrc was a good correlation between viral applications relating especially to (i) the study of 
capacity assay and ccl1 survival as determined by drug and radiation resistance and (ii) the testing 
tritiatcd thymidinc incorporation in two of three of methods to circumvent specific forms of drug 
cell lines and only a modcratc discrepancy in the and radiation resistance in primary cultures of 
third ccl1 line. ‘Ihr authors then compared the human neoplasms. Its potential application as a 
activity of a large number oc cytotoxic agents on clinical assay for USC to “individualizr” therapy is 
both ccl1 survival and viral capacity in one of the problematic, and rrquircs much further work and 
cstablishcd ccl1 lines. In most cases, there was an clinical correlations. Howcvrr, with the availability 
cxccllcnt correlation bctwccn the cell survival and of this particular technology, as wrll as some other 
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types of technologies previously described [5-l 01, 
we may now have the tools to study drug rcsistancc 
and its circumvention in fresh human tumor spcci- 
mens. As more of this work is carried out in fresh 

human tumor spccimcns, I would predict that WC 
will rapidly begin to see the identification of 
clinically-useful stratcgics to circumvent drug 
rcsistancc. 
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