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Laboratory Prediction of Clinical 
Chemotherapeutic Drug Resistance: a Working 

Model Exemplified by Acute Leukaemia 
Rolf Larsson and Peter Nygren 

Recent  research into m e c h a n i s m s  o f  res i s tance  to c h e m o t h e r a p y  in acute  l eukaemia  has  been  f o c u s e d  on various  
protect ive mechan i sms  at the cellular level, such as drug uptake,  efflux, metabo l i sm and D N A  repair  m e c h a n i s m s ,  
while therapeut ic  fai lures due  to other  potential ly important  causes  have received relatively little a t tent ion.  Here  
we descr ibe a simple '  m o d e l  to a c c o u n t  for three major determinants  o f  turnout r e s p o n s e  in acute  leukaemia:  
cellular drug sensitivity, leukaemic cell regrowth  potent ia l  and sys t emic  drug exposure .  Possible  ways  o f  
measur ing  these pa ramete r s  are d iscussed.  I t  is sugges ted  that  labora tory  es t imat ion o f  these pa ramete r s  may  
provide valuable  informat ion  on clinical drug res i s tance  and may  help to des ign  more  adequa te  t r ea tment  
strategies for  the individual pat ient .  
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INTRODUCTION 
THE CLINICAL observation of apparent resistance to chemothera- 
peutic drugs is a frequent cause of treatment failure in acute 
leukaemia. At the cellular and molecular level, several potentially 
important mechanisms of resistance to anti-leukaemic drugs has 
recently been identified. Much interest has been focused on 
multidrug resistance (MDR) which denotes a broad resistance 
cellular phenotype to several structurally and functionally differ- 
ent drugs, including the vinca alkaloids, anthracyclines and 
etoposides. This type of resistance is believed to be mediated 
by the membrane-bound 170 kDa P-glycoprotein (Pgp) which 
actively extrudes the drugs from the cell [1, 2]. Atypical forms 
of MDR have been described and suggested to be mediated 
by alterations of a nuclear enzyme, topoisomerase 2 [1, 3]. 
Alterations in the cellular glutathione system, involving gluta- 
thione transferase-mediated conjugation of GSH with anti- 
neoplastic agents is another potentially important protective 
mechanism of the leukaemic cell [1, 4]. In addition, both non- 
Pgp-mediated cellular drug transport and subcellular distri- 
bution, as well as altered DNA excision/repair mechanisms, 
have been implicated in chemotherapeutic drug resistance [ 1]. 

Although important and suggestive, most of the above men- 
tioned observations on mechanisms of cytotoxic drug resistance 
have originated from studies of laboratory-derived resistant cell 
lines. In the clinical setting there are clearly additional factors 
that may cause apparent resistance to chemotherapeutic drugs. 

In the present commentary we propose a simple model to 
account for clinically observed resistance exemplified by acute 
leukaemia and suggest that laboratory estimates of these factors 
may help to design more adequate treatment strategies for the 
individual patient. The basic features of the model described are 
much influenced by the recent work of Preisler et al. [5, 6]. 
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THE MODEL 
Chemotherapy of acute leukaemia is cyclic and sensitivity to 

a given treatment is usually determined clinically at "final" 
remission evaluation (> day 21 after beginning of therapy) after 
a defined number of courses (generally one to three) where 
complete and in some cases partial remission (CR and PR, 
respectively) indicate drug sensitivity. A patient with a residual 
leukaemic cell mass in the bone marrow at "final" remission 
evaluation in excess of the definitions for CR (or PR) is conse- 
quently judged as resistant or refractory, depending on previous 
response to chemotherapeutic drug regimens. For simplicity 
and clarity we restrict the graphical description of our model to 
only one course of chemotherapy and consider the attainment of 
CR as the strict measure of drug sensitivity. Also, for simplicity, 
the model assumes that the biological characteristics and drug 
sensitivity of the leukaemic cells remain constant over time. 
Treatment failure due to drug-induced non-tolerable toxicity is 
not considered in the model. 

Figure 1 shows the principal features of the model. Curve a 
represents the cytolytic response of a CR patient during and 
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Fig. 1. Basic features of the model. Modelling the effect of induction 
therapy in acute leukaemia. See text for further explanation. 
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shortly after a course of chemotherapy. Curve b illustrates the 
comparably more shallow cytolytic response of a patient with 
resistant disease (RD). Curve c represents the regrowth phase of 
leukaemic cells typical of CR patients whereas curve d illustrates 
an increased regrowth rate typical of a RD patient. Although the 
shapes of these curves are illustrated conceptually, the principal 
features are based on published data from serial studies (day 0, 
6, 17 > weekly) of the effect of chemotherapy on bone marrow 
content of leukaemic cells in patients with acute lymphocytic 
leukaemia, AML [5, 6]. 

According to this model only curves a-c will lead to CR at day 
28 ("final" remission evaluation). Substituting the regrowth rate 
of the CR patient with that of the RD patient will offset the 
benefits of high initial cell kill and lead to RD outcome. 
Similarly, changing the initial cell kill rate of the CR with that of 
the RD patient will obviously lead to RD. Thus, the presence of 
any component of an RD curve, b or d, will result in RD 
outcome. 

The principal factors that determine which of the curves will 
apply to the individual patient are depicted in Fig. 2. Whether 
the initial cell killing ofleukaemic cells will follow a steep a curve 
or the more shallow b curve depends on intrinsic leukaemic 
cellular drug sensitivity (also called classical drug resistance) 
and/or the level of systemic exposure of the chemotherapeutic 
drugs, often characterised by the area under plasma concen- 
tration vs. time curve (AUC). The factors that determine which 
of the two curves c and d will apply is related to regrowth 
potential of the remaining leukaemic cells after chemotherapy 
which, in turn, may be determined by several biological and cell 
kinetic factors (see below). 

We will now briefly discuss these three principle determinants 
separately and focus on possible ways of obtaining laboratory 
estimates in order to evaluate the clinical validity and applica- 
bility of the model. 

CELLULAR DRUG SENSITIVITY 
Large individual variations in tumour cell sensitivity to chem- 

otherapeutic drugs among patients with the same tumour type 
remain a major obstacle to successful chemotherapy. The con- 
cept that most of this variation reflects underlying intrinsic 
sensitivity of the malignant cell is based on a number of studies 
correlating in vitro and clinical data [7]. Several non-clonogenic 
short-term (3-4 days) in vitro assays of fresh tumour cells have 
been employed for this purpose in many different tumour types 
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Fig. 2. Schematic illustration of the major determinants of cfinical 
drug resistance. See text for explanation. 

including acute leukaemia [8-13]. In the case of leukaemia, the 
most successfully used assays rely on the measurement of 
viability in the whole, largely non-dividing leukaemic cell popu- 
lation [7]. The morphologically based differential staining cyto- 
toxicity (disc) assay has been the most widely used fresh tumour 
test in haematological malignancies [8, 13] but recently semi- 
automated microtitre plate-based assays measuring membrane 
integrity [10] or metabolic activity [9, 11, 12, 14] have also been 
evaluated. Overall, these in vitro assays have shown remarkably 
similar predictive capabilities, with sensitivities of 80-95% and 
specificities of 50-80%. 

By using high drug exposure and use of improved calibration 
procedures it is now possible to further increase the specificity 
to > 99% with respect to the identification of extreme drug 
resistance in a subpopulation of patients [8, 15]. The theoretical, 
clinical and biological basis for these different in vitro tests, 
as well as their advantages and potential pitfalls, have been 
extensively reviewed by Weisenthal [7, 16] and is beyond the 
scope of this commentary. It should be noted, however, that the 
relatively high predictive accuracy for resistance is compatible 
with the current model suggesting intrinsic cellular drug resist- 
ance to be a sufficient hindrance for clinical response. The 
tendency towards a higher false positive rate (20--40%) compared 
with the false negative rate (5-15%) is also in accordance with 
the presence of clinical resistance due to other causes than 
cellular drug sensitivity. These non-clonogenic fresh tumour 
assays may thus be used for identifying patients with any type of 
intrinsic cellular drug resistance mechanism(s) in operation. The 
use of mechanistic markers (like Pgp expression, glutathione 
transferases, topoisomerase 2 expression, etc.) may be of less 
predictive utility since clinical drug resistance most likely is 
multifactorial [ 17] and many mechanisms are yet to be identified. 

SYSTEMIC DRUG EXPOSURE 
The dose intensity in chemotherapy may be of great import- 

ance for clinical outcome in many drug-sensitive tumours, 
including the leukaemias [18, 19]. This implies that reducing 
the dose to lower toxicity may seriously undermine the chance 
to achieve therapeutic responses in drug-sensitive patients. For 
the individual patient, however, interindividual variations in 
pharmacokinetic parameters like absorption, distribution and 
elimination of drugs also play an important role. The cytotoxic 
effect of most cytotoxic drugs is best related to the product of 
drug concentration (C) and exposure time (T) [18]. Clinically, C 
× T is represented by systemic exposure defined as the AUC. 
Most anti-leukaemic drugs display a large interindividual vari- 
ation in systemic exposure (2-10-fold) also in patients with 
normal liver and renal function [18]. For certain drugs there is 
also an intra-individual variability between courses [20]. These 
facts make the systemic exposure for different patients receiving 
the same dose very unpredictable. This is illustrated in Fig. 3 
where 2 hypothetical patients receive the same dose but in whom 
plasma clearance (CL) varies with a factor 2. This will lead to 
different concentrations (Cp) over T and consequently different 
AUC. These AUC will translate into diametrically different 
clinical outcomes when the concentration-response curve is 
steep (solid line). However, for a patient with leukaemic cells 
resistant to clinically achievable AUC (broken line) no difference 
in effect will be observed. An increase in AUC in this case will 
only add to toxicity. 

The great heterogeneity among tumours with respect to 
cellular drug sensitivity makes measurements of AUC alone 
difficult to interpret and is probably a major reason for the lack 



1210 R. Larsson and P. Nygren 

Dose t 
~o 

CL = 50 

CL -- 100 

t 

I 
! 

Concentration (AUC) 

Dose ~ Pharrnacokinetics ~ Systemic ~ Clinical response 
exposure 

Fig. 3. Theoretical  relationship between inter-individual pharmacoidnetic disposition, systemic exposure and clinical response.  CI = Sys- 
temic clearance,  Cp = plasma concentration, T = time, A U C  = area under the plasma concentration vs. time curve (modified from [18]). 

of success for therapeutic drug monitoring (TDM) in clinical 
oncology. This lack of enthusiasm for TDM is somewhat 
surprising considering the fact that for drug-sensitive patients 
with steep concentration-effect relationships, small changes in 
AUC may be of major importance for the final oncolytic activity 
achieved. Indeed, some studies in drug-sensitive tumours have 
demonstrated positive relationships between plasma concen- 
tration and therapeutic effect [21-23]. Nevertheless, the fre- 
quency of cases with suboptimal systemic exposures 
(pharmacokinetic resistance) for most tumour types is presently 
unknown. The idea that dose escalation to maximally tolerated 
dose (MTD) should prevent undertreatment is in our opinion 
somewhat utopic since the dose-toxicity relationship is seldom 
known and dose escalation based on laboratory or clinical 
parameters related to toxicity is, in fact, a rare clinical event. 
Even if dose adjustment to MTD is performed stepwise, there 
will be given an appreciable time between courses for drug- 
resistant subclones to emerge under suboptimal systemic 
exposure. 

The situation becomes even more complex considering that 
combination therapy is often given and the component drugs 
often have similar dose-limiting toxicities, making judgement 
on which drug to escalate very difficult. Surprisingly, there is 
virtually no information on the variability and pharmacokinetic 
behaviour of drugs given in chemotherapeutic combinations. 
However, recent developments in analytical and statistical phar- 
macokinetics have made these areas of research more easy to 
address. Most important is the development of robust "limiting 
sampLing" techniques allowing the investigator to estimate AUC 
from up to three timed blood samples, even in the case of 
bolus administration [24]. These practical improvements will 
hopefully lead to a more systematic investigation of the potential 
role of"pharmacokinetic" resistance in the clinical setting. 

R E G R O W T H  P O T E N T I A L  
This factor is probably the most recently described clinical 

phenomenon that has been directly linked to drug resistance in 

AML [5, 6]. The extent of leukaemic cell regrowth between 
courses of therapy is probably determined by several factors: (a) 
the number of cells surviving chemotherapy, (b) percentage of 
cells in cycle, (c) proliferative potential (number of cell divisions 
each cell is capable of), (d) cell cycle time, (e) the ability to 
differentiate, and (f) presently undefined factors. The present 
model holds that even if the leukaemic cells are pharmacodynam- 
ically sensitive to the drug and high systemic exposure is 
achieved, treatment will fail if the surviving leukaemic cells 
regrow as fast as or faster than they can be killed. 

Since this is a newly discovered clinical phenomenon, little 
information has yet been gained with respect to potential labora- 
tory parameters which may be reflective of cellular regrowth. 
When describing leukaemic cell regrowth after therapy in AML, 
Preisler et al. [5, 6] used serial quantitative bone marrow examin- 
ations to measure both the level of cell kill and leukaemic cell 
regrowth after termination of therapy. The major drawbacks 
with this technique are the extra amount of work and patient 
inconvenience resulting from additional marrow samplings and 
the fact that results cannot be obtained prior to therapy. Using 
the expression of the proliferation-associated oncogene c-myc as 
a predictor for clinical outcome, Preisler et al. [25] suggested 
this marker to be reflective of proliferative potential in AML. 
High c-myc expression in the leukaemic cells was associated with 
short remission durations and CR could be obtained only in 
patients where a high degree of leukaemic cell kill had taken 
place [25]. Unfortunately, there appears to be some technical 
difficulties with immunohistochemical measurements of c-myc 
[26]. Measurements of different aspects of cell cycle kinetics 
or estimates of the proliferative characteristics of leukaemic 
progenitor cells using in vitro cloning may provide other possible 
alternatives for pretherapy predictions of regrowth potential [5]. 
In vitro cloning may, however, be less practical as a routine tool 
since many leukaemic cell samples will not estabLish clonal 
growth. Taking accurate estimates of regrowth potential into 
account may thus reduce the false positive rate of non-clonogenic 
in vitro tests of cellular drug sensitivity. 
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Table I. Hypothetical description o f  predictions o f  tumour response based on laboratory estimation o f  the model 
parameters as well as clinical actions suggested to counteract the mechanisms o f  resistance 
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Laboratory scenario 
Determinant A B C D 

Cellular drug sensitivity High Low High High 
Regrowth potential Low Low High Low 
Plasma concentration (AUC) High High High Low 
Result CR RD RD RD 
Action Consolidation Change drugs, add Shorten intervals, cytostatic or Increase dose 

Pgp blockers  differentiating agents 

MODEL INTEGRATION AND FUTURE DIRECTIONS 
If it were possible to accurately predict cellular drug sensi- 

tivity, regrowth potential of leukaemic cells and, as early as 
possible after the start of chemotherapy, the expected systemic 
exposure for individual patients, patient-specific treatment regi- 
mens could be designed which hopefully would result in 
improved therapeutic outcome. This is conceptually illustrated 
in Table 1 where patient A shows a favourable profile with 
respect to cellular drug sensitivity, regrowth and systemic 
exposure and will be expected to enter CR. Patient B on the 
other hand shows evidence of classical drug resistance and 
should require a change of drugs or addition of resistance 
modifiers to increase the probability of response. Patient C 
shows a high cellular sensitivity to the chosen drugs, achieves 
high systemic exposures of the drugs but will fail therapy due to 
rapid leukaemic cell regrowth. In this case a change of schedule to 
minimise the time between courses or experimental manoeuvres 
designed to limit cell growth between courses (e.g. differen- 
tiation-inducing agents) may be appropriate. Patient D, finally, 
will achieve suboptimal systemic drug exposure which may be 
corrected by increasing dose. 

What are then the current possibilities to measure the quanti- 
tative relationship of these parameters and evaluate the predic- 
tive ability of the model? As discussed previously, cellular drug 
resistance can be measured prior to therapy in vitro with non- 
clonogenic fresh tumour assays with relatively high accuracy [8, 
15]. Alternatively, these measurements can be performed in 

vivo by serial bone marrow examinations [6]. Measurement of 
regrowth potential may require direct quantification of leu- 
kaemic cells in bone marrow samples [6] while other potential 
pretherapeutic measures (like c-myc expression and/or other 
proliferative characteristics of the leukaemic cells) are evaluated. 
Measurement of systemic exposure for all important anti-leu- 
kaemic drugs can currently be performed with existing analytical 
and pharmacokinetic technologies [18, 21]. 

APPLICATION OF THE MODEL FOR SOLID 
TUMOURS 

In the present paper the proposed model has been described 
for treatment of acute leukaemia. Theoretically, the general 
principles may be equally applicable to solid tumours. Intrinsic 
cellular drug resistance may be measured equally well by non- 
clonogenic in vitro assays. Determination of systemic exposure 
may be performed in the same manner as in the leukaemic 
patients. However, for solid tumours the relationship between 
intrinsic cellular drug sensitivity and systemic exposure may 
be undermined due to contributing intratumoral factors (e.g. 
intratumour drug distribution due to tumour geometry, intra- 
tumoral pH, hypoxia, osmolarity, etc.) which may influence 

drug concentration and efficacy at the level of the tumour cell 
[27]. In these cases measurements of drug concentrations in the 
tumour area (or the tumour cells) may be necessary to obtain a 
complete account for the factors leading to clinical drug resist- 
ance. Determination of tumour cell regrowth between courses 
may be estimated by serial measurement using sensitive tech- 
niques with good time-effect resolution capabilities like positron 
emission tomography (PET) [28]. 

CONCLUDING REMARKS 
In the present article we describe a simple model to account 

for, in our view, the major determinants of tumour response in 
leukaemia. It is also our belief that only taken together, these 
estimates may provide meaningful information. The experimen- 
tal testing of the present working model will require collabor- 
ation between specialists from different fields, including clinical 
oncology, clinical haematology, pathology and clinical pharma- 
cology. It is our hope that this simple working model (being 
proved true or false) may provide one example of a preliminary 
framework for more concentrated interdisciplinary efforts 
towards the understanding of the determinants of  clinical (rather 
than laboratory) drug resistance in acute leukaemia and other 
forms of human cancer. 

1. Hall, A, Cattan A. Drug resistance mechanisms in leukemia. 
Bailliere' s Clin Hematol 1991,4,655-677. 

2. Ross D. Cellular and pharmacologic aspects of drug resistance in 
acute myeloid leukemia. Curr Opinion Oncol 1991,3, 21-29. 

3. Beck WT, Cirtain MC, Danks MK, et al. Pharmacological, molecu- 
lar, and cytogenetic analysis of "atypical" multidrug-resistant 
human leukemic cells. Cancer Res 1987, 47, 5455-5460. 

4. Kramer R, Zakher J, Kim G. Role of the glutathione redox cycle in 
acquired and de novo multidrug resistance. Science 1988, 241, 
694---697. 

5. Preisler H. Determinants of response and prediction of response 
to chemotherapy in acute myelogenous leukemia. Bailliere's Clin 
Hemato11991, 4, 68-93. 

6. Preisler H, Larson R, Raza A, et al. The treatment of patients with 
newly diagnosed poor prognosis acute myelogenous leukemia: 
response to treatment and treatment failure. BrJ  Hematol 1991,79, 
390-397. 

7. Weisenthal L, Lippman M. Clonogenic and nonclonogenic in vitro 
chemosensitivity assays. Cancer Treat Rep 1985, 69,615-632. 

8. Bosanquet A. Correlations between therapeutic response ofleukem- 
ias and in vitro drug sensitivity assay. Lancet 1991,1, 711-714. 

9. Kirkpatrick D, Duke M, Goh T. Chemosensitivity testing of fresh 
human leukemia cells using both a dye exclusion assay and a 
tetrazolium dye (MTT) assay. Leukemia Res 1990, 14, 459--466. 

10. Larsson R, Kristensen J, Sandberg C, Nygren P. Laboratory 
determination of chemotherapeutic drug resistance in tumor cells 
from patients with leukemia using a fluorometric microculture 
cytotoxicity assay (FMCA). In tJ  Cancer 1992, 51, 177-182. 

1 I. Pieters R, Loonen A, Huismans, D, et al. In vitro drug sensitivity 



1212 R. Larsson and P. Nygren/Book Review 

of cells from children with leukemia using the MTT assay with 
improved culture conditions. Blood 1990, 76, 2327-2336. 

12. Sargent J,Taylor C. Appraisal of the MTT assay as a rapid test of 
chemosensitivity in acute myeloid leukemia. BrJ  Cancer 1989, 60, 
206-210. 

13. Weisenthal L, Dill P, Finkelstein J, Duarte T, Baker J, Moran E. 
Laboratory detection of primary_ and acquired drug resistance in 
human lymphatic neoplasms. Cancer Treat Rep 1986, 70, 
1283-1295. 

14. Hongo T, Fuji.i Y, Igarashi Y. An in vitro chemosensitivity test for 
the screening of anti-cancer drugs in childhood leukemia. Cancer 
1990, 65, 1263-1272. 

15. Kern D, Weisenthal L. Highly specific prediction of antineoplastic 
drug resistance with an in vitro assay using suprapharmacologic drug 
exposures. J Natl Cancer Inst 1990, 82,582-588. 

16. Weisenthal L. Predictive assays for drugand radiation resistance. In 
Masters JRW, ed. Human Cancer in Primary Culture: A Handbook. 
Dordrecht, Kluwer Academic Publisher, 1991, 103-147. 

17. Defile A, Senevirame T, Beenken S, et al. Multifactorial resistance 
to adriamycin: relationship of DNA repair, glutathione transferase 
activity, drug efflux, and P-glycoprotein in cloned cell lines of 
adriamycin-sensitive and -resistant P388 leukemia. CancerRes 1988, 
48, 3595-3602. 

18. Evans R, Relling M. Clinical pharmacokinetics-pharmacodynamics 
of anticancer drugs. Clin Pharmacokinetics 1989, 16,327-336. 

19. Hryniuk W. Average relative dose intensity and the impact on 
design of clinical trials. Sere Oncol 1987, 14, 65-74. 

20. Morris R, Kotasek D, Paltridge G, Disposition of epirubicin and 
metabolites with repeated courses to cancer patients. Eur J Clin 
Pharmacol 1991,40,481-487. 

21. BorsiJ, MoeP. Systemic clearance ofmethotrexate in the prognosis 
of acute leukemia in children. Cancer Treat Rep 1987, 20, 
3020-3024. 

22. Koren G, Ferrazini G, Sulh H, et al. Systemic exposure to mercapto- 
purine as a prognostic factor in acute leukemia. N EnglJ Med 1990, 
323, 17-21. 

23. Rodman J, Abromowitch M, Sinkule J, Rivera GK, Evans WE. 
Clinical pharmacodynamics of continuous infusion teniposide: sys- 
temic exposure as a determinant of response in a phase 1 trial. J Clin 
Onco11987, 5, 1007-1014. 

24. Paalzow L. Therapeutical drug monitoring of anticancer drugs. In 
Domell6f L, ed. Drug Delivery in Cancer Treatment. Berlin, Springer 
Verlag, 1990, 85-96. 

25. Preisler H, Raza A, Larson R, et al. Protooncogene expression and 
the clinical characteristics of acute nonlymphocytic leukemia: a 
leukemia intergroup pilot study. Blood 1989, 73,255-266. 

26. Preisler H, Sato H, Yang P, Wilson M, Kaufman C, Watt R. 
Assessment of c-myc expression in individual leukemic cells. Leuk 
Res 1988, 12,507-516. 

27. Philips R, Bibby M, Double J. A critical appraisal of the predictive 
value of in vitro chemosensitivity assays. J Natl Cancer Inst 1990, 
82, 1457-1469. 

28. Wilson CB. PET scanning in oncology. EurJ Cancer 1992, 28A, 
508-510. 

EurJ Cancer, Vol. 29A, No. 8. p. 1212, 1993. 
Pmm.d in Great Britain 
0964-1947:93$6.00 + 0.00 
0 1993 Pcrgamon Prcss Lid 

Book Review 

Cancer in Italy. Incidence Data from Cancer Registries, 
1983-1987 
Edited by R. Zanetti and P. Crosignani. Torino, Lega Italiana 
per la Lotta Contro i Tumori. Associazione Italiana di Epidemi- 
ologia, 1992. 

Cancer in Italy: Incidence Data from Cancer Registries, 1983-1987 
represents a compromise between the two most popular ways of 
disseminating incidence data, i.e. "Cancer Incidence in Five 
Continents" edited every 5 years by the International Agency 
for Research on Cancer (IARC) and the local pubhcation of 
individual Registries. Many reasons may have prompted the 
organisers of nine all-cancer-site registration schemes (i.e. six in 
North Italy, two in Central Italy and one in South Italy) in 
addition to two partial schemes (i.e. colorectal cancer and 
childhood neoplasms) to conceive such a publication. 

The most notable is probably the need to summarise the 
impressive, although somewhat delayed (in respect to northern 
Europe) development of epidemiological research in Italy in the 
past 15 years or so. The number and the quality of Itahan cancer 
registries emerge very well from the bulk of data presented and 
the richness of the comparisons and considerations on cancer 
trends and aetiology included in Cancer in Italy. In fact, in 
addition to many orthodox tables and figures, every cancer site 
is dealt with in detail in order to help the reader to link the 
picture which emerges from descriptive epidemiology to the 
present knowledge and hypotheses on cancer causation. 

The second reason for this publication is related to the ways 
in which cancer registries have developed in Italy. In the absence 

of central planning, registries were born from the local initiative 
of a few epidemiologists, clinicians and pathologists. Therefore, 
as Max Parkin from IARC states in his opening remarks, "The 
task of producing a national synthesis is in Italy much greater 
than in compendia of results from registry networks in which 
pre-existing standardisation results from the explicit goal of 
unified analysis and publication (e.g. SEER-surveillance, epi- 
demiology and end results, in the U.S.A.)". But also, I would 
add, more urgent. For good reason, aside from a very Itahan 
emphasis on historical and political aspects of the growth of 
epidemiological research in Italy, the authors repeatedly state 
that this volume is part of a more general effort to improve data 
collection and epidemiological training. 

I think also that Cancer in Italy constitutes useful reading 
for epidemiologists elsewhere. Indeed, Italy is an interesting 
"natural experiment" and still shows, in the period examined 
(i.e. mid-1980s), very substantial variations in the incidence of 
most individual cancer sites. The 2.4 ratio between the highest- 
incidence and the lowest-incidence area for cancer of the stomach 
and the almost 4-fold ratio for cancer of the oral cavity are 
examples of important opportunities of aetiological research. 

Last, but not least, Cancer in Italy is entirely bilingual (Italian 
and Enghsh) and can be obtained for free by writing to Dr 
Zanetti (Registro dei Tumori per il Piemonte e la Valle D'Aosta, 
Unith di Epidemiologia, Dipartimento di Oncologia, Ospedale 
S. Giovanni Antica Sede, Via S. Francesco da Paola 31, 10123 
Torino, Italy) or Dr Crosignani (Registro Tumori Lombardia-- 
Provincia di Varese, Istituto Nazionale per It Studio e la Cura 
dei Tumori, Via Venezian 1, 20133 Milano, Italy). 
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