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C. Cell Production Rates and Therapy

Most clinical research on the correlations between therapy and cell production
rates has been conducted during radiotherapy for squamous cell carcinomas of
the head and neck. The rate of cell proliferation in individual tumors, as indicated
by the local Tpot, may influence the tumor response to fractionated radiotherapy.
The presence of rapidly proliferating clones in radiosensitive tumors suggested
the design of trials of continuous, hyperfractionated, accelerated radiotherapy
(CHART). This is intended to enhance tumor kill by preventing proliferation
during the course of treatment. Studies have focused on head and neck cancer
in particular (Withers et al.,, 1988; Dische and Saunders, 1989; Saunders et al.,
1991). In a series reported from Northwood, data were complete for 90 patients
(Wilson et al., 1995). No kinetic parameter predicted the outcome of patients
treated by CHART. When the Tpot was calculated using a combination of
histology LI and FCM TS, diploid tumors showed more rapid median prolifera-
tion rates (Tpot 1.8 days) than aneuploid tumors (3.2 days).

Bourhis et al. (1993) studied the predictive value of pretreatment Tpot and
LI in 70 patients with head and neck squamous cell carcinoma treated with
conventional radiotherapy. No relationship was found between the Tpot or LI
and the tumor stage, nodal status, histological grade, and the site of the primary.
The mean Tpot of the tumors that relapsed locally was 5.3 days, compared to
6.1 days for those who did not relapse locally (not significant). The TS, LI, DNA
index, and Tpot were not associated with local relapse, nor with disease-free
survival (DFS). Corvo et al. (1993, 1995) reported a further such series of 82
patients (data shown in Table I).

Interim reports have been published from the EORTC (European Organisa-
tion for Research into the Treatment of Cancer) phase III trial comparing conven-
tional fractionation (70-72 Gy in 7-8 weeks, 1.8-2.0 Gy/fraction) to a split-
course accelerated treatment (72 Gy in 5 weeks, 1.6 Gy/fraction, three fractions
per day with a 12-14 day split after 8 days). An analysis of 60 cases demonstrates
that pretreatment Tpot data could not discriminate patients with improved
(>4 days) or impaired (<4 days) survival even though the clinical data have
shown benefit for the accelerated schedule (Begg et al, 1990, 1992). A similar
finding has emerged from studies from Paris (Bourhis et al., 1996) in which 70
patients with oropharyngeal tumors treated by 70 Gy in 7 weeks were evaluated.

A study from Genoa (Antognoni et al., 1996) of 69 patients with a median
follow-up of 47 months treated by conventional fractionation and a boost sched-
ule suggested that a Tpot >5 days could predict (p = 0.04) improved (68%)
local control at 3 years compared to 13% in fast tumors (<5 days). This study
supports the Tpot as a predictor of outcome. Overall the 3 year local control
rate was 54% in patients with a Tpot of >5 days and 25% in those with a Tpot
<5 days (p = 0.004). In a report from Sweden (Zackrisson et al., 1997) in which
89 patients were treated by conventional radiation with a median follow-up of
30 months, nodal involvement and Tpot were correlated with local control.
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Thus, the ability of Tpot measurements to consistently predict the outcome
in conventional radiation treatment remains questionable. Studies of their pre-
dictive value in accelerated fractionation schedules have failed to reveal any
significance of this measure of proliferation in either concomitant boost, split-
course accelerated treatment or in the CHART schedule (Corvo et al, 1996;
Horiot et al., 1997).

An analysis by Begg et al. (1998) of correlations between kinetic data and the
outcome of treatment of 476 patients in 11 centers by at least 6 weeks of conven-
tional radiotherapy demonstrated that the labeling index was the only significant
variable in a univariate analysis for no control. Multivariate analysis showed no
significant correlations, although comparisons were hampered by intercenter
variation in measurements.

The results of these studies have thus not been consistent, and no consensus
has yet emerged as to whether Tpot will be accepted as a useful clinical predictive
test. There have been several drawbacks to the published studies, in the 14 of
randomization, small patient numbers, short follow-up, and lack of formal quality
control of the Tpot measurements.

D. An Overview of Proliferation Data in Human Tissues and Tumors

The halogenated pyrimidines have proved to be potent tools for measuring
tumor cell production rates when analyzed by laser flow or scanning cytometry
(Rew et al, 1998). The technique has been evaluated by a number of groups
using different equipments and analytical techniques, and results have been found
to show high concordance from one center to another. There are nevertheless a
number of factors that confound the interpretation of proliferation data derived
from human tumor biopsies.

The reliability of analyses is a key factor in the interpretation of proliferation
measurements (Wilson, 1993). There is considerable technical, observer, and
institutional variability in the data, contributing to the spread of data within and
between tumors (Wheeless et al, 1991; Haustermans et al., 1995). Concern has
been expressed by one group about the stoichiometry of antibody binding after
DNA denaturation (Gilliland et al, 1997; Williamson et al., 1994).

Heterogeneity of architecture and cell content confounds the interpre n
of data in solid tumors (Rew, 1996). Site to site variation for proliferation parame-
ters is highly significant in tumors. The labeling index can vary considerably from
region to region within a tumor. In any one local area of a tumor it may range
from less than 1% to more than 50%, and it may vary according to the technique
selected for measurement of the HP LI. For example, histochemical measures of
the labeling index derived by manual counting are usually higher than equivalent
FCM-derived indices (Bennett et al., 1992; Ashton-Key et al., 1993).

We are also presented with a complex problem in deciding which of the many
indices generated by a HP label is most representative of the proliferation of
the tumor. For example, the LI(max) and Tpot(max) of the maximally prolifera-
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tive clones may have the greatest relevance to tumor cell behavior. In the study
illustrated in Fig. 5, we have calculated the Tpot by the method of Begg for 60
colorectal tumors from our series using the same Ts values but with labeling
index data derived in one of three ways: by flow cytometry, by using average
counts from histochemically labeled sections, and by counting the maximally
proliferative zones on the tissue sections. The series displayed upward of twofold
variation in proliferation rates depending on the LI counting method chosen.

1. The S-Phase Duration

The S-phase duration (Ts) generally shows much less variation than the LI
within and between tumors and between tumors and normal tissues. Many studies
reveal that Ts in human cells appears to be relatively consistent, with most values
falling between 10 and 20 hr across a wide range of tissues and tumors. Given
the profound conservation of key biological processes in nature, it seems probable
that the time taken to duplicate DNA, the duration of S phase, is a species-
specific constant for a given number of chromosomes and volume of DNA. The
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Fig. 5 The problem of heterogeneity of potential doubling time calculations according to the
method of estimation of the labeling index in a series of 60 human colorectal tumors: FCM, flow
cytometric method; Average, average counts from histochemically labeled sections; Maximum, the
counts from maximally proliferative zones on the tissue sections (see text).
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variation observed in the Ts measurement may thus be due to experimental
artifact. Indeed, DNA duplication is such an evolutionarily conserved and power-
fully regulated process that it might be surprising if the duration of DN A synthesis
were significantly different between normal cells and viable tumor cells of similar
lineages and DNA content.

Measurement of the Ts becomes less reliable at low fractions of HP labeling,
because of the method by which the Ts is estimated from the absolute numbers
of labeled cells in each phase of the cell cycle. This may give rise to prolonged
estimates of the Tpot.

It thus seems likely that the S-phase duration is a species-specific constant in
cells with normal DNA content. If DNA duplication proceeds at a constant rate,
then one variable in the Ts duration might be the absolute quantity of abnormal
DNA in the tumor cells, reflected in the DNA index, or aneuploidy. We found
no significant difference in the Ts of cohorts of diploid and aneuploid colorectal
tumor samples to support this hypothesis (Rew er al., 1991a), althougi@ich
differences may be concealed within experimental error.

2. The Potential Doubling Time and the Cell Loss Factor

There are a number of interesting aspects to the Tpot data presented. One
feature of the data across the many series of tumors reported is the similarity
rather than the differences in calculated cell production rates between classes
of tumors of very different histology and behavior. Another is the high rate of
cell production in many tumors, with Tpots of the order of 5 days. The observed
volume doubling time of tumors in clinical practice is commonly of the order of
100 days or more. This provides strong corroborative evidence that the difference
between the calculated and the observed doubling times is due to a high cell
loss factor. This might be expected to be due principally to exfoliation and
necrosis, as is often observed in tumors in the GI and uropenital tract.

The cell loss factor has a major bearing on the clinical volume growth of a
tumor. Tissue and tumor growth is a dynamic disequilibrium between cell produc-
tion and cell loss. Proliferation measurements do not take into account tumor
and tissue cell loss during growth. There is a disparity between the actual volume
growth of tumors, as measured directly or by serial radiology, and the po’ial
doubling time. Cell loss from tumors is caused by processes that include exfolia-
tion, cell migration or metastasis, necrosis, and apoptosis. Thus, a highly prolifera-
tive tumor with a high cell loss factor may remain static in size or even regress,
whereas a slowly proliferative tumor with no cell loss will continue to enlarge.

The indication of high cell loss factors in nonluminal tumors such as of the
breast suggests that apoptosis may be playing a very major role in cell loss. This’
is to be expected where large numbers of abnormal cells are produced in these
proliferative neoplasms. These observations indicate that cell loss is a dominant
rather than a marginal factor in tumor growth. Apoptosis is most likely to account
for a large proportion of cell loss.
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3. The Labeling Index as a Surrogate Measure of Dynamic Proliferation

If the Ts is relatively constant from one cell population to another, then the
observed experimental variation Tpot is thus largely attributable to site to site
and intertumor variation in the LI. If we assume the Ts to be a species constant
and take the median value as representative, then we may use the LI as an index
of proliferation rate to a reasonable first order approximation. This would simplify
the approach to proliferation measurements, as static, in vitro, and histochemical
measurements of proliferative markers would be considerably simpler to obtain
in service laboratory practice than would be the results of dynamic in vivo studies.

4. Cell Production Rates in Normal Tissues

5. Proliferation

The concept of the Tpot is also applicable to normal tissues, where at maturity,
cell production is in a steady-state balance with cell loss. Where normal tissue
samples such as gastrointestinal mucosa have been studied, cell proliferation
rates’are similar to those of the tumors. This strengthens the theory that tumor
growth may be due not so much to an acceleration of cell production rates as
to a reduction in cell loss rates. One proviso to generalizations about normal
tissue proliferation rates is that much of the available data on clinical tissue
samples has been obtained from surgical tumor resection cases. This raises the
question as to whether the proliferation patterns in the normal tissues may have
been modified, for example, through exposure to tumor growth factors.

Data, Biological Aggressiveness, and Clinical Outcome

It is commonly assumed that a higher rate of tumor cell production increases
the biological aggressiveness of tumors. There is no absolute measure of “speed”
in tumor growth, and it is thus accepted practice to stratify data sets by the
median Tpot value in any one tumor series. In those series where survival
has been recorded, there has generally been little or no correlation between
proliferation parameters and time to death.

Proliferation measures must be regarded as an inadequate measure of tumor
growth and of biological aggressiveness. They do not measure cell loss, and they
are unable to predict invasive and metastatic potential. There may be differences
in proliferative behavior between primary and metastatic lesions, such that as-
sumptions cannot be made about the overall behavior of the tumor mass from
measurements on the primary tumor alone. Proliferative measurements are usu-
ally made on the primary tumor, and these may have little relevance to the
proliferative biology of metastatic or invasive clones.

Proliferative biology may also change with time. Tumor growth fractions and
proliferation rates may change with growth and time. A snapshot biopsy measure-
ment taken at any point in the life of the tumor may not be predictive either of
the past behavior or of future growth rates of that tumor.
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6. Cell Proliferation and Experimental Therapy

Cell proliferation research may help improve adjuvant chemotherapy (Tan-
nock, 1986; Van Putten, 1979) and radiotherapy (Denekamp, 1986; Kummermehr
and Trott, 1982; Terry, 1996) in a number of ways. HP labeling is now a standard
laboratory technique for measuring normal and perturbed cell proliferation in
experimental models. For example, it allows the point of action of drugs in the
cell cycle to be inferred from the cell cycle profiles of experimental cell popula-
tions. The block to the cell cycle by individual agents causes proliferating cells
to “pile up” in specific. phases of the cycle (Dolbeare, 1995b). The technique
also allows the assessment of the proliferative response of tissues to damage, _
such as induced by hypoxia, in tumor cell cultures and animal models (Webster
et al., 1998).

E. Concluding Comments on Cell Proliferation Studies .

In vivo proliferation data provide a sound, evidence-based framework for
modeling the growth of tumors and tissues, for studying chemotherapy and
radiotherapy in the laboratory, for understanding the importance of cell loss and
apoptosis in tumor progression, and for providing new hypotheses for clinical
trials of treatment of those many tumors whose behavior defies surgical excision.

Cell production rate measurements are yet to find useful clinical applications,
either in confident prognostication or in guiding therapeutic strategy. Neverthe-
less, they have taught us much about the proliferative biology of human tumors
(Rew and Wilson, 2000a,b). They have served to emphasize how cell production
is only one side of the equation of tumor growth. The other side, cell loss, continues
tobe aproblem of quantitative analysis. We now recognize the complexity of prolif-
erative behavior within and between tumors and normal tissues, along with the
challenge that it poses to the development of better adjuvant therapies. No single
or simple proliferation marker yet appears likely to be able to improve on the
clinical or histological detection of metastases as an index of clinical prognosis.

VI. Further Applications of Cytometry in Clinical Oncoloi

A. Laser Scanning Cytometry in Clinical Studies

The inability of flow cytometry to correlate fluorimetric data with cell morphol- ~
ogy on a precise, cell by cell basis renders it unsuitable for the study of many
aspects of solid tumor biology. It prevents the confident discrimination of cell
types in complex populations of cells with very variable morphology, scatter -
characteristics, lineage, and viability.

Laser scanning cytometry (Kamentsky and Kamentsky, 1991) creates a direct
link between cell morphology, laser excitation, and fluorochromatic quantitation.
The fixing of the cell and tissue in space and time beneath the familiar microscope
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Chapter 51, Fig. 6 The capabilities of laser scanning cytometry in clinical sample analysis. A Cytospin of human
has been stained with monoclonal anti-human major basic protein specific antibody (BMK13) and
secondary Oregon Green conjugated goat anti-mouse antibody and analyzed on the Compucyte LSC. Plotted are
peak green fluorescence signal against cell size of cells captured with propidium iodide nuclear counterstain (A, B).
Examples of relocation and still video image capture of cells within the region of interest under epifluorescence with
the IB excitation cube, wide band (C) and after chromatic restaining of the same slide under bright-field microscopy
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Chapter 53, Fig. 6 Flow cytometric analysis of B. anthracis spores incubated in polysaccharide media for 30 min at
37°C. A specific FITC-conjugated anti-cell wall polysaccharide MAb stained emerging vegetative B. anthracis cells
but did not stain encapsulated B. anthracis cells, dormant B. anthracis spores, or other Bacillus

(region 6) (viable cells)
species. Forward light scatter was used to identify vegetative cell population in the sample (region 1).
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objective of a laser scanning cytometer vastly increases the scope of analysis,
interpretation, and experimentation when compared with the flow cytometer
(Rew et al.,, 1999). It allows the corroboration of descriptive morphology with
qualitative and quantitative measures of light scatter and fluorescence, and their
spatial distribution within and around the cell. It allows study of dynamic patterns
of transport of fluorochromes, of subcellular concentration of dyes, and of normal
and abnormal cell physiology. The visualization capabilities of epifluorescence,
bright-field microscopy, and image processing are further enhanced by direct
linkage to an image processing system (Woltmann ez al., 1998).

Laser scanning cytometry replicates the range of assays on clinical material
available in flow cytometry, including DNA ploidy (Martin-Reay et al., 1994;
Luther and Kamentsky, 1996; Sasaki et al., 1996; Chapter 31 of this volume),
immunophenotyping (Clatch et al, 1998; Clatch and Forman, 1998; Chapter 46
of this volume), and cell proliferation (Rew et al, 1998). It also offers unique
capabilities in terms of sample presentation on a microscope slide, accommodat-
ing fine needle aspirates, smears, imprints, viable cells in irrigated chambers,
cells grown to confluence in situ (Yang et al., 1998), and complex samples such
as asthmatic sputum (Woltmann et al., 1999) (Fig. 6). It may also be used with
limited resolution for subcellular analyses such as fluorescence in situ hybridiza-
tion (Kamentsky et al., 1997) and genotoxicity testing using the mouse micronu-
cleus assay (Rew and Styles, 1998). Cell and tissue culture techniques on a
microscope chamber slide also provide for direct quantitative assay of processes
such as cell signaling, growth factor response, molecular translocation, and incor-
poration of viral vectors in contiguous cell samples (Musco et al., 1998). The
laser scanning cytometer can also analyze conventional tissue sections to a limited
degree, using discriminators such as nuclear staining. Measurement is still con-
strained by problems with cell overlap and sectioning and by boundary discrimi-
nation, but this may improve with better software algorithms and new staining
techniques.

B. Cytometric Assays in Cancer Therapy

The LSC offers considerable advantages in the cytometric analysis of complex
cell populations from solid tumors, whose variable light scatter characteristics
or DNA content do not allow simple classification of cell subtypes. Specific cell
types or assay results can be validated by direct inspection, whereas rare event
analysis and cell sorting on the slide can be undertaken in the course of nor-
mal routines.

Research using laser cytometry has opened up many new vistas on the cancer
cell and its behavior. However, none of the applications in solid tumor biology
have become a standard part of the clinicopathological assessment. Most cancer
treatments carry a significant morbidity, and the selection of prognostic groups
also helps to optimize treatments and to avoid unnecessary treatment for some
categories of patients. In cancer biology, the greatest immediate value would
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Fig. 6 The capabilities of laser scanning cytometry in clinical sample analysis. A Cytospin of
human asthmatic sputum has been stained with monoclonal anti-human major basic protein specific
antibody (BMK13) (Bradsure Biologicals, Loughborough, England) and secondary Oregon en
conjugated goat anti-mouse antibody (Molecular Probes, Europe, BV) and analyzed on the C u-
cyte LSC. Plotted are peak green fluorescence signal against cell size of cells captured with propidium
iodide nuclear counterstain (A, B). Examples of relocation and still video image capture of cells
within the region of interest under epifluorescence (C) and after chromatic restaining of the same
slide under bright-field microscopy with chromotrope 2R (D) (courtesy of Dr. G. Woltmann, Leicester,
England) (Woltmann et al., 1999).

derive from techniques that allow us to make better use of existing adjuvant
therapies on a case by case basis. Cytometric techniques which thus aided the
selection or rejection of specific cancer therapy might identify mechanisms for
the circumvention of drug resistance, the specific targeting of individual drugs
to tumors, or the optimum use of radiotherapy fractionation and radiosensitizers.
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C. Cytometric Assays of Fluorescent Cytotoxic Drugs

The decision to use adjuvant chemotherapy for primary, metastatic, or recur-
rent tumors, and the selection of particular cytotoxic agents thereafter, is much
influenced by empiricism and individual practice in clinical oncology. This may
be depriving many patients with cancers of real benefits from individually targeted
adjuvant chemotherapy. The absence of simple clinical assays of cytotoxic drug

. uptake by complex populations of viable, nonviable, drug-sensitive, and drug-
resistant tumor cells has been a serious handicap.

The anthracycline/anthraquinone families of cytotoxic agents include Adria-

. mycin, daunorubicin, mitozantrone, epirubicin, and idarubicin. These agents have
a number of potent cytotoxic actions, which include intercalation of DNA and
interference with the topoisomerase proteins and other DNA repair enzymes.
These compounds possess intrinsic fluorescence; they absorb light around
470 nm and emit around 560 nm (Krishan and Ganapathi, 1980; Krishan et al.,
1987; Krishan and Sauerteig, 1992). They are expelled from the cell by the
p170 glycoprotein pump, which confers multidrug resistance (MDR), and this
mechanism may help limit their cytotoxicity (Herweijer et al., 1989; Gheuens et
al., 1991; Smith et al., 1992; Carpentier et al.,, 1992; Tiberghien and Loor, 1996;
Homolya et al., 1996; Haugland and Larison, 1996; Landon, 1997). Flow cytome-
tric studies of anthracycline uptake into tumor cells in suspension from hemato-
logical tumors, effusions, and ascites have been reported elsewhere in this book.
It is also possible to demonstrate fluorochromatic drug uptake into solid tumor
disaggregates, as with tumor cells in suspension in blood or effusions, using FCM.
However, efforts to assay these drugs are confounded by heterogeneity of cell
size, origin, and viability.

These drugs are potent anticancer agents, but their systemic toxicity has re-
stricted their clinical use. Laser cytometry may offer a variety of techniques to
circumvent systemic toxicity. The capabilities of the LSC in cell verification by
direct visualization suggested a feasible strategy for quantitation of drug uptake
and comparative studies of fluorochromatic drug uptake into tumor cells, as
validated in our early studies (Reeve, 2000). One way may be to study means
by which their target cell toxicity may be promoted at lower systemic doses
through the use of MDR blocking agents. Another may be to identify those
tumors that fail to concentrate the agents, and to spare these patients from
inappropriate therapy. A third way may be to identify from a panel of agents
the drug most reliably concentrated in tumor cells from surgical biopsies or fine
needle aspiration. Indeed, proof of specific drug uptake would be a considerable
advance over the current empiricism inherent in single agent, multiple agent,
and sequential adjuvant therapy. Fine needle aspirates and endoscopic biopsies
would be well suited to the monitoring of accessible tumors for changes in drug
resistance during a course of therapy. Better assays may encourage the earlier
use of these agents as prophylaxis against minimal residual disease after surgery
over a range of tumor types.

The assay of drug uptake is alone insufficient to indicate cell killing. For
example, fluorescent drug may be metabolized, sequestered, or otherwise ren-
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dered inert within target cells. Thus, additional assays of drug efficacy must be
developed. These might produce evidence of induced cell death (Furuya er al,
1997) or disruption of other vital functions, such as evidenced by the accumulation
of cell cycle phase specific markers or mitotic disruption.

More speculatively, cytometric assays may encourage drug designers to develop
“detectability,” by intrinsic fluorescence or monoclonal immunogenicity, in other
anticancer agents. For example, fluorescence techniques have also been used to
detect cis-platinum-rhodamin 123 conjugates (Assaraf et al,, 1989), and metho-
trexate (Teicher et al, 1986) in cell models. A more difficult step will be to
translate laboratory studies into practical randomized controlled clinical trials,
so as to evaluate current unselective, empirical chemotherapy with more selec-
tive strategies.

VII. Conclusions .

The complex morphology and behavior of human cells, tissues, and tumors
challenges the designers of cytometric instrumentation. The range of clinical
applications of flow cytometry is well defined, and the inherent constraints of
the technology limit its utility in the clinical laboratory. A cytometer must above
all provide useful information not otherwise readily obtainable by other means.
The new generation of instruments open new horizons in clinical diagnosis and
therapeutics, and we may expect further advances and insights in the next few
years. Early in the twentieth century, the pathologist.James Ewing (1919) hoped
that “The twentieth century . . . may, thereby prove to be the era of successful
therapeutics and prophylactics.” His speculation was not fully vindicated for the
solid tumors that preoccupy surgeons and oncologists. Nevertheless, technologies
that Ewing could not know, and at which we must still marvel, offer us much
excitement and optimism in the new century.

Acknowledgments

References

I thank Dr. George Wilson for support throughout these studies, and the late Dr. Nic McNally,
of the Gray Laboratory, Northwood, England. I thank the many scientists, surgeons, oncold 5,
and patients who have supported our studies. Elements of our work have been supported in turn
by the UK’s Cancer Research Campaign, Wessex Cancer Trust, and the NHS Research and Develop-
ment Executive.

Antognoni, P., Bignardi, M., Cazzaniga, L. F., Poli, A. M., Richetti, A., Bossi, A., Rampello, G.,
Barbera, F., Soatti, C., Bardelli, D., Giordano, M., and Danova, M. (1996). Accelerated radiation
therapy for locally advanced squamous cell carcinomas of the oral cavity and oropharynx selected
according to tumor cell kinetics—a phase II multicenter study. Int. J. Radiat. Oncol. Biol. Phys.
36, 1137-1145.



51. Human Tissues and Tumors: Clinical Perspective 479

Ashton-Key, M., Coddington, R., Rew, D. A., Campbell, I. D., and Taylor, I. (1993). Quantitative
indices of proliferation using bromodeoxyuridine: A study of sixty invasive breast carcinomas.
Breast 2, 42-47.

Assaraf, Y. G., Seamer, L. C., and Schimke, R. T. (1989). Characterisation by flow cytometry of
fluorescein-methotrexate transport in chinese hamster ovary cells. Cytometry 10, 50-55.

Barrett, J. C., Tsutsui, T., and Ts’o P. O. P. (1978). Neoplastic transformation induced by a direct
perturbation of DNA. Nature 274, 229-232.

Begg, A. C. (1989). Derivation of cell kinetic parameters from human tumors after labelling with

- bromodeoxyuridine or iododeoxyuridine. Br. Inst. Radiol. Rep. 19, 113-119.

Begg, A. C., McNally, N. J., Shrieve, D. C., and Karcher, H. (1985). A method to measure the
duration of DNA synthesis and the potential doubling time from a single sample. Cytometry
6, 620—626.

Begg, A. C., Moonen, L., Hofland, 1., Dessing, M., and Bartelink, H. (1988). Human tumor kinetics
using a monoclonal antibody against iododeoxyuridine. Intra-tumor sampling variations. Radiother.
Oncol. 11, 337-347.

Begg, A. C., Hofland, I., Moonen, L., Bartelink, H., Schraub, S., Bontempts, P., Le Fir, R., Van den
Bogaert, W., Caspers, R., van Glabbeke, M., and Horiot J.-C. (1990). The predictive value of cell
kinetic measurements in a European trial of accelerated fractionation in advanced head and neck
tumors: An interim report. Int. J. Radiat. Oncol. Biol. Phys. 19, 1449-1453.

Begg, A. C., Hofland, I., Van Glabbeke, M., Bartelink, H., and Horiot, J.-C. (1992). Predictive value
of potential doubling time for radiotherapy of head and neck tumor patients: Results from the
EORTC cooperative trial 22851. Semin. Radiat. Oncol. 2, 22-25.

Begg, A., Haustermans, K., and Wilson, G. D. (1998). The value of pretreatment cell kinetic parame-
ters as predictors for radiotherapy outcome in head and neck cancer: A multicentre analysis:
Radiother. Oncol. in press.

Benazzo, M., Mevio, E., Occhini, A., Franchini, G., and Danova, M. (1995). Proliferative characteris-
tics of head and neck tumors. In vivo evaluation by BrdUrd incorporation and flow cytometry
Orl. J. Oto-Rhino-Laryngol. 57, 39-43.

Bennett, M. H., Wilson, G. D., Dische, S., Saunders, M. 1., Martindale, C. A., Robinson, B. M.,
O’Halloran, A. E., Leslie, M. D., and Laing, J. H. E. (1992). Tumor proliferation assessed by
combined histological and flow cytometric analysis: Implications for therapy in squamous cell
carcinoma in the head and neck. Br. J. Cancer 65, 870-878.

Bergstrom, C., and Stenling, R. (1990). Proliferative heterogeneity in colorectal cancer, studied
using Iododeoxyuridine. Abstract to European Study Group for cell proliferation. ESPOO XVII,
Finland, September.

Bolger, B. S., Cooke, T. G., Symonds, R. P., MacLean, A. B., and Stanton, P. D. (1993). Measurement
of cell kinetics in cervical tumors using bromodeoxyuridine. Br. J. Cancer 68, 166—171.

Bolger, B. S., Cooke, T. G., Symonds, R. P., MacLean, A. B., and Stanton, P. D. (1996). Prediction
of radio-therapy response of cervical tumors through measurement of proliferation rate. Br. J.
Cancer 74, 1223-1226.

Bourhis, J., Wilson, G., Wibault, P., Bosq, J., Chavaudra, N., Janot, F., Luboinski, B., Eschwege, F.,
and Malaise, E. P. (1993). In vivo measurement of the potential doubling time by flow cytometry
in oropharyngeal cancer treated by conventional radiotherapy. Int. J. Radiat. Oncol. Biol. Phys.
26, 793-799.

Bourhis, J., Dendale, R., Hill, C., Bosq, J., Janot, F., Attal, P., Fortin, A., Marandas, P., Schwaab,
G., Wibault, P., Malaise, E. P., Bobin, S., Luboinski, B., Eschwege, F., and Wilson, G. (1996).
Potential doubling time and clinical outcome in head and neck squamous cell carcinoma treated

& with 70 GY in 7 weeks. Int. J. Radiat. Oncol. Biol. Phys. 35, 471-476.

Camplejohn, R. S. (1982). Cell Kinetics of colorectal tumors. Recent Results Cancer Res. 83, 21-30.

Carpentier, Y., Gorisse, M. C., and Desoize, B. (1992). Evaluation of a method for the detection of
cells with reduced drug retention in solid tumors. Cytometry 13, 630-637.

Christov, K., Chew, K. L., Ljung, B. M., Waldman, F. M., Goodson III, W. H., Smith, H. S., and
Mayall, B. H. (1994). Cell proliferation in hyperplastic and in situ carcinoma lesions of the breast
estimated by in vivo labeling with bromodeoxyuridine. J Cell. Biochem. 19 (Suppl.), 165-172.




480

David A. Rew

Clatch, R. J., and Foreman, J. R. (1998). Five color immunophenotyping plus DNA content by laser
scanning cytometry. Cytometry 34, 36-38.

Clatch, R. J., Foreman, J. R., and Walloch, J. L. (1998). Simplified immunophenotypic analysis by
laser scanning cytometry. Cytometry 34, 3-16.

Cooke, L. D., Cooke, T. G., Forster, G., Jones, A. S., and Stell, P. M. (1994). Prospective evaluation
of cell kinetics in head and neck squamous carcinoma: The relationship to tumor factors and
survival. Br. J. Cancer 69, 717-720.

Corvo, R., Giaretti, W., Sanguineti, G., Geido, E., Orecchia, R., Barra, S., Margarino, G., Bacigalupo,
A., and Vitale, V. (1993). Potential doubling time in head and neck tumors treated by primary
radiotherapy: Preliminary evidence for a prognostic significance in local control. Int. J. Radiat.
Oncol. Biol. Phys. 27, 1165-1172.

Corvo, R., Giaretti, W., Sanguineti, G., Geido, E., Orecchia, R., Guenzi, M., Margarino, G., Baciga-
lupo, A., Garaventa, G., Barbieri, M., and Vitale, V. (1995). In vivo cell kinetics in head and neck
squamous cell carcinomas predicts local control and helps guide radiotherapy regimen. J. Clin.
Oncol. 13, 1843-1850.

Corvo, R., Giaretti, W., Geido, E., Sanguineti, G., Orecchia, R., Scala, M., Garaventa, G., Mora,
E., and Vitale, V. (1996). Cell kinetics and tumor regression during radiotherapy in head and geck
squamous cell carcinomas. Int. J. Cancer 68, 151-155.

Danova, M., Gaetani, P.,Lombardi, D., Giordano, M., Riccardi, A., and Mazzini, G. (1991). Prognostic
value of DNA ploidy and proliferative activity in human malignant gliomas. Med. Sci. Res. 19,
613-615.

Darzynkiewicz, Z., Gong, J., Juan, G., Ardelt, B., and Traganos, F. (1996). Cytometry of cyclin
proteins. Cytometry 25, 1-13.

Denekamp, J. (1986). Cell kinetics and radiation biology. Int. J. Radiat. Biol. 49, 2, 357-380.

Dische, S., and Saunders, M. 1. (1989). Continuous, hyperfractionated, accelerated radiotherapy
(CHART). Br. J. Cancer 59, 325-326.

Dolbeare, F. (1995a). Bromodeoxyuridine: A diagnostic tool in biology and medicine, Part I: Historical
perspectives, histochemical methods and cell kinetics. [Review| Histochem. J. 27, 339-369.

Dolbeare, F. (1995b). Bromodeoxyuridine: A diagnostic tool in biology and medicine, Part II:
Oncology, chemotherapy and carcinogenesis. [Review] Histochem. J. 27, 923-964.

Dolbeare, F. (1996). Bromodeoxyuridine: A diagnostic tool in biology and medicine, Part II1. Prolifer-
ation in normal, injured and diseased tissue, growth factors, differentiation, DNA replication sites
and in situ hybridization. [Review] Histochem. J. 28, 531-575.

Dolbeare, F., Gratzner, H., Pallavicini, M., and Gray, J. W. (1983). Flow cytometric measurement
of total DNA content and incorporated bromodeoxyuridine. Proc. Natl. Acad. Sci. U.S.A. 80,5573~
5577.

Dolbeare, F., Beisker, W., Pallavicini, M. G., Vanderlaan, M., and Gray, J. W. (1985). Cyto-chemistry
for BrdUrd/DNA analysis. Stoichiometry and sensitivity. Cytometry 6, 521-530.

Erba, E., Giordano, M., Danova, M., Mazzini, G., Ubezio, P., Torri, V., Mangioni, C., Landoni, F.,
Bolis, P., Tenti, P., et al. (1994). Cell kinetics of human ovarian cancer with in vivo administ n
of bromodeoxyuridine. Ann. Oncol. 5, 627-634.

Ewing, J. (1919). “Neoplastic Diseases.” Saunders, Philadelphia.

Fine, J. D., and Breathnach, S. M. (1986). Distinctive eruption characterised by linear supravenous
papules and erythroderma following bromoxuridine therapy and radiotherapy. Arch. Dermatol.
122, 199-200.

Forster, G., Cooke, T. G., Cooke, L. D., Stanton, P. D., Bowie, G., and Stell, P. M. (1992). Tumor
growth rates in squamous carcinoma of the head and neck measured by in vivo bromodeoxyuridine.
Br. J. Cancer 65, 698-702.

Frankfurt, O. S., Slokum, H. K., and Rustum, Y. M. (1984). Flow cytometric analysis of DNA
aneuploidy in primary and metastatic human solid tumors. Cytometry 5, 71-80.

Frankfurt, O. S., Arbuck, S. G., Chin, J. L., and Greco, W. R. (1986). Prognostic applications of
DNA flow cytometry for human solid tumors. Ann. N.Y. Acad. Sci. 468, 276-290.



51. Human Tissues and Tumors: Clinical Perspective 481

Furuya, T., Kamada, T., Murakami, T., Kurose, A., and Sasaki, K. (1997). Laser scanning cytometry
allows detection of cell death with morphological features of apoptosis in cells stained with PIL.
Cytometry 29, 173-1717.

Gheuens, E. E., van Bockstaele, D. R., van der Keur, M., Tanke, H. J., van Oosterom, A. T., and
De Bruijn, E. A. (1991). Flow cytometric double labelling technique for screening of multidrug
resistance. Cytometry 12, 636—644.

Gilliland, R., Williamson, K. E., Hamilton, P., Crockard, A., and Spence, R. A. (1997). DNA
denaturation sensitivity may invalidate BrdUrd-DNA flow cytometric analysis of the potential

N doubling time in colorectal tumours. Br. J. Surg. 84, 242-247.

Giordano, M., Danova, M., Mazzini, G., Gobbi, P., and Riccardi, A. (1993). Cell kinetics with in
vivo bromodeoxyuridine assay, proliferating cell nuclear antigen expression, and flow cytometric

» analysis. Prognostic significance in acute non-lymphoblastic leukemia. Cancer 71, 2739-2745.

Gonchoroff, N. J., Greipp, P. R., Kyle, R. A, and Katzmann, J. A. (1985). A monoclonal antibody
reactive with 5-bromo-2-deoxyuridine that does not require DNA denaturation. Cytometry 6,
506-512.

Goodson, W. H., Ljung, B. M., Moore, D. H., Mayall, B., Waldman, F. M., Chew, K., Benz, C. C,,
and Smith, H. S. (1993). Tumor labeling indices of primary breast cancers and their regional lymph
node metastases. Cancer 71, 3914-3919.

Gratzner, H. G. (1982). Monoclonal antibody to 5-bromo and 5-iodo deoxyuridine: A new reagent
for detection of DNA replication. Science 218, 474-475.

Gray, J. W. (1985). Monoclonal antibodies against bromodeoxyuridine. Cytometry 6, 499-662.

Hall, P. A., Levison, D. A., Woods, A. L., Yu, C. C.-W., Kellock, D. B., Watkins, J. A., Barnes,
D. M., Gillett, C. E., Camplejohn, R. S., Dover, R., Waseem, N. H., and Lane, D. P. (1990).
Proliferating cell nuclear antigen localisation in paraffin sections: An index of cell proliferation
with evidence of deregulated expression in some neoplasms. J. Pathol. 162, 285-294.

Haugland, R. P., and Larison, K. D. (eds.) (1996). Probes for live cell function. /n ‘“Handbook of
Fluorescent Probes and Research Chemicals™ pp. 377-378. Molecular Probes, Eugene, Oregon.

Haustermans, K. (1995). In vivo growth kinetic measurements in human oesophageal cancer. Ph.D.
Thesis, University of Leiden, Holland.

Haustermans, K., Vanuytsel, L., Geboes, K., Lerut, T., Van Thillo, J., Leysen, J., Coosemans, W.,
and van der Schueren E. (1994). In vivo cell kinetic measurements in human oesophageal cancer:
What can be learned from multiple biopsies? Eur. J. Cancer 30A, 1787-1791.

Haustermans, K., Hofland, I., Pottie, G., Ramaekers, M., and Begg, A. C. (1995). Can measurements
of potential doubling time (Tpot) be compared between laboratories? A quality control study.
Cytometry 19, 154-163.

Haustermans, K., Fowler, E., Geboes, K., Lerut, T., and van der Schueren, E. (1997). Do cell kinetics
have prognostic and/or predictive value in oesophageal cancer treated by surgery? Eur. J. Surg.
Oncol. 23, 293-297.

Hedley, D. W. (1989). Flow cytometry using paraffin-embedded tissue. Five years on. Cytometry
10, 229-241.

Herweijer, H., Van den Engh, G., and Nooter, K. (1989). A rapid and sensitive flow cytometric
method for the detection of multi-drug resistant cells. Cytometry 10, 463—-468.

. Homolya, L., Hoolo, Z., Muller, M., Mechetner, E. B., and Sarkadi, B. (1996). A new method for
quantitative assessment of p-glycoprotein related multidrug resistance in tumor cells. Br. J. Cancer
73, 849-855.

Horiot, J. C., Bontemps, P., van den Bogaert, W., Le Fur, R., van den Weijngaert, D., Bolla, M.,
Bernier, J., Lusinchi, A., Stuschke, M., Lopez-Torrecilla, J., Begg, A. C., Pierart, M., and Collette,
L. (1997). Accelerated fractionation (AF) compared to conventional fractionation (CF) improves
loco-regional control in the radiotherapy of advanced head and neck cancers: Results of the
EORTC 22851 randomized trial. Radiother. Oncol. 44, 111-121.

Hoshino, T., Nagashima, T., Murovic, J., Levin, E., Levin, V., and Rupp, S. (1985). Cell kinetic
studies of in situ human brain tumors using bromodeoxyuridine. Cytometry 6, 627-633.




David A. Rew

Hoshino, T., Prados, M., Wilson, C. B., Cho, K. G, Lee, K. S., and Davis, R. L. (1989). Prognostic
implications of the bromodeoxyuridine labeling index of human gliomas. J. Neurosurg. 71, 335-41.

Howard, A., and Pelc, S. R. (1951). Nuclear incorporation of *P as demonstrated by autoradiographs.
Exp. Cell Res. 2, 178-187.

Jones, A. S., Roland, N. J., Caslin, A. W., Cooke, T. G., Cooke, L. D., and Forster, G. A. (1994).
comparison of cellular proliferation markers in squamous cell carcinoma of the head and neck.
J. Laryngol. Otol. 108, 859-864.

Kamentsky, L. A., and Kamentsky, L. D. (1991). Microscope based multiparameter laser scanning
cytometer which yields data comparable to flow cytometry data. Cytometry 12, 381-387.

Kamentsky, L. A., Kamentsky, L. D., Fletcher, J. A., Kurose, A., and Sasaki, K. (1997). Methods
for automatic multiparameter analysis of fluorescence in situ hybridised specimens with a laser
scanning cytometer. Cytometry 27, 117-125.

Kaufman, E. R. (1986). Altered CTP synthetase activity confers resistance to 5-bromodeoxyuridine
toxicity and mutagenesis. Mutat. Res. 161, 19-27.

Khan, S., Raza, A., Petrelli, N., and Mittleman, A. (1988). In vivo determinations of labelling index
of metastatic colorectal carcinoma and normal colonic mucosa using intravenous infusions of
bromodeoxyuridine. J. Surg. Oncol. 39, 114-118.

Kinsella, T. J., Mitchell, J. B., Russo, A., Aiken, M., Morstyn, G., Hsu, S. M., Rowland, J d
Glatstein, E. (1984). Continuous intravenous infusions of bromodeoxyuridine as a clinical radiosen-
sitizer. J. Clin. Oncol. 2, 1144-1150.

Kotelnikov, V. M., Coon, J. S., Taylor, S., Hutchinson, J., Panje, W., Caldarelli, D. D., LaFollette,
S., and Preisler, H. D. (1995a). In vivo labeling with halogenated pyrimidines of squamous cell
carcinomas and adjacent non-involved mucosa of head and neck region. Cell Prolif. 28, 497-509.

Kotelnikov, V. M., Coon, J. S., Haleem, A., Taylor, S., Hutchinson, J., Panje, W., Caldarelli, D. D.,
Griem, K., and Preisler, H. D. (1995b). Cell kinetics of head and neck cancers. Clin. Cancer Res.
1, 527-537.

Krishan, A., and Ganapathi, R. (1980). Laser flow studies on the intracellular fluorescence of anthracy-
clines. Cancer Res. 40, 3895-3900.

Krishan, A., and Sauerteig, A. (1992). Flow cytometric monitoring of cellular resistance to cancer
chemotherapy. /n “Flow Cytometry: Principles and Clinical Application” (K. D. Bauer, R. E.
Duque, and T. V. Shankey, eds.), pp. 459-467. Williams & Wilkins, New York.

Krishan, A., Shridar, K. S., Davila, E., Vogel, C., and Sternheim, W. (1987). Patterns of anthracycline
retention in human tumor cells. Cytometry 8, 306-314.

Kummermehr, J., and Trott, K. R. (1982). Rate of repopulation in a slow and fast growing mouse
tumor. In “Progress in Radio-oncology II”” (K. H. Karcher et al, eds.) pp. 299-308. Raven,
New York.

Laing, J. H. E., Rew, D. A., and Wilson, G. D. (1992). Cell kinetics of human solid tumors. Br. J.
Radiol. 24(Suppl.) 163-167.

Landon, T. M. (ed). (1997). Multidrug resistance assays. /n “Bioprobes,” Issue 25, p. 21. Molecular

Probes, Eugene, Oregon. 9

Langford, L. A., Cooksley, C. S., and DeMonte, F. (1996). Comparison of MIB-1 (Ki-67) ant®en
and bromodeoxyuridine proliferation indices in meningiomas. Hum. Pathol. 27, 350-4.

Larsson, P., Roos, G., Stenling, R., and Ljungberg, B. (1994). Proliferation of human renal cell
carcinoma studied with in vivo iododeoxyuridine labeling and immuno-histochemistry. Scand. J.
Urol. Nephrol. 28, 135-140.

Lloveras, B., Garin-Chesa, P., Myc, A., and Melamed, M. (1994). In vitro bromodeoxyuridine labelling
of malignant neoplasms. A comparative study with flow cytometry cell-cycle analysis. Am. J. Clin.
Pathol. 101, 703-707.

Luther, E., and Kamentsky, L. A. (1996). Resolution of mitotic cells using laser scanning cytometry.
Cytometry 23, 272-278.

Maas, R.A., Bruning, P. F., Breedijk, A. J. and Peterse, J. L. (1996). Iododeoxyuridine labeling of
S-phase fraction in fine needle aspirates from breast carcinomas. J. Clin. Patho. 49, 607-609.



51. Human Tissues and Tumors: Clinical Perspective 483

Martin-Reay, D. G., Kamentsky, L. A., Weinberg, D. S., Hollister, K. A., and Cibas, E. S. (1994).
Evaluation of a new slide based laser scanning cytometer for DNA Analysis of tumors. Anat.
Pathol. 102, 432-438.

Meyer, J. S., Koehm, S. L., Hughes, J. M., Higa, E., Wittliff, J. L., Lagos, J. A., and Manes,
J. L. (1993). Bromodeoxyuridine labeling for S-phase measurement in breast carcinoma. Cancer
71, 3531-3540.

Michel, P., Hermet, J., Paresy, M., Menard, J. F., Laquerriere, A., Scotte, M., Paillot, B., Peillon,
C.,and Ducrotte, P. (1997). Comparison between endoscopic and surgical sampling for the measure-

. ment of potential doubling time in colorectal cancer. Cytometry 29, 273-278.

Miwa, H., Wada, R., Abe, H., Ohkura, R., Yang, S. W., Watanabe, H., Ogihara, T., Hamada, T.,
Meyer, J. S., Nauert, J., Koehm, S., and Hughes, J. (1989). Cell kinetics of human tumors by in

» vitro bromodeoxyuridine labeling. J. Histochem. Cytochem. 37, 1449-1454.

Miwa, H., Wada, R., Abe, H., Ohkura, R., Yang, S. W., Watanabe, H., Ogihara, T., Hamada, T.,
and Sato, N. (1993). Diagnosis of gastric adenoma versus early gastric cancer by bromodeoxyuridine
immunohistochemistry from gastric biopsy specimen. J. Gastroenterol. Hepatol. 8, 133-137.

Musco, M. L., Cui, S., Small, D., Nodelman, M., Sugarman, B., and Grace, M. (1998). Comparison
of flow and laser scanning cytometry for the intracellular evaluation of adenoviral infectivity and
p53 protein expression in gene therapy. Cytometry 33, 290-296.

Nylander, K., Anneroth, G., Gustafsson, H., Roos, G., Stenling, R., and Zackrisson, B. (1994). Cell
kinetics of head and neck squamous cell carcinomas. Prognostic implications. Acta Oncol. 33,23-28.

Ohyama, S., Yonemura, Y., and Miyazaki, I. (1990). Prognostic value of S phase fraction and DNA
ploidy studied with in vivo administration of bromodeoxyuridine on human gastric cancers. Cancer
65, 116-121.

Patel, S., Rew, D. A., Taylor, I, Potten, C. S, and Roberts, S. (1993). Studies of proliferation in
human gastric mucosa following in vivo bromodeoxyuridine labeling. Gut 34, 893-896.

Popert,R.J.,Joyce, A.D., Thomas, D.J., Walmsley, B. H., and Coptcoat, M. J. (1993). Bromodeoxyur-
idine labeling of transitional cell carcinoma of the bladder—an index of recurrence?. Br. J. Urol.
71, 279-283.

Potten, C. S., Kellett, M., Roberts, S., Rew, D. A., and Wilson, G. D. (1992a). Measurement of in
vivo proliferation in human colorectal mucosa using bromodeoxyuridine. Gut 33, 71-78.

Potten, C. S., Kellett, M., Roberts, S., and Rew, D. A. (1992b). Proliferation in human gastrointestinal
epithelium using bromodeoxyuridine in vivo: Data for different sites, proximity to a tumor, and
polyposis coli. Gut 33, 524-529.

Quinn, C. M., and Wright, N. A. (1990). Review article: The clinical assessment of proliferation and
growth in human tumors: Evaluation of methods and applications as prognostic variables. J. Pathol.
160, 93-102.

Raffel, C., Deen, D. F., and Edwards, M. S. (1988). Bromodeoxyuridine: A comparison of its photo-
sensitizing and radiosensitizing properties. J. Neurosurg. 69, 410-415.

Raza, A., Ucar, K., and Preisler, H. D. (1985). Double labelling and in vitro versus in vivo incorporation
of BrdUrd in patients with acute nonlymphocytic leukemia. Cytometry 6, 633—641.

Raza, A., Yousuf, N., Bokhari, S. A., et al. (1992). In situ cell cycle kinetics in bone marrow biospies
following sequential infusions of IUdR/BrdUrd. Leuk. Res. 16, 299-306.

a Raza, A., Alvi, S., Broady-Robinson, L., Showel, M., Cartlidge, J., Mundle, S. D., Gregory, S. A.,
et al. (1997). Cell cycle kinetic studies in 68 patients with myelodysplastic syndromes following
intravenous iodo- and/or bromodeoxyuridine. Exp. Hematol. 25, 530-535.

Reeve, L. (2000). The development of tumor specific assays for cellular response to anthracycline
drugs using laser cytometry. Ph.D. Thesis, University of Leicester, United Kingdom.

Rew, D. A. (1991). The in vivo proliferation kinetics of human solid tumors. M. Chir. Thesis,
University of Cambridge, England.

Rew, D. A. (1993). Cell proliferation, tumor growth and clinical outcome: Gains and losses in
intestinal cancer. Ann. R. College Surgeons Engl. 75, 397-404.

Rew, D. A. (1994). The significance of aneuploidy. Br. J. Surg. 81, 1416-1422.




484

David A. Rew

Rew, D. A. (1996). Heterogeneity, biodiversity and bioperversity in human solid tumors. Eur. J.
Surg. Oncol. 22, 469-473.

Rew, D. A,, and Styles, J. A. (1998). Automation of the mouse micronucleus genotoxicity assay by
laser scanning cytometry. Cytometry ISAC IX Meeting Suppl. 9.

Rew, D. A., and Wilson, G. D. (1991). Advances in cell kinetics: A leading article. Br. Med. J.
303, 532-533.

Rew, D. A., and Wilson, G. D. (2000a). Cell proliferation rates in human tissues and tumors Part
I: Methods, techniques and limitations. Eur. J. Surg. Oncol. 26(2), 227-238.

Rew, D. A., and Wilson, G. D. (2000b). Cell proliferation rates in human tissues and tumors Part
II: Clinical data. Eur. J. Surg. Oncol. 26(2), 405-417.

Rew, D. A., Wilson, G. D., Taylor, I., and Weaver, P. C. (1991a). Proliferation characteristics of
100 colorectal tumors measured in vivo. Br. J. Surg. 78, 60-66.

Rew, D. A., Taylor, 1., Watson, J. V., and Wilson, G. D. (1991b). The c-myc protein product is a
marker of DNA synthesis but not of malignancy in intestinal tissues and tumors. Br. J. Surg.
78, 1080-1083.

Rew, D. A., Thomas, D. J., Coptcoat, M. J., and Wilson, G. D. (1991c). In vivo measurement of
urothelial tumor kinetics. Br. J. Urol. 68, 44-48.

Rew, D. A., Campbell, I, Taylor, I., and Wilson, G. D. (1992). The in vivo proliferation kinet f
invasive carcinoma of the breast. Br. J. Surg. 79, 335-3309.

Rew, D. A., Karkera, R., Stradling, R., Mullee, M., Julious, S., and Wilson, G. D. (1996). The flow
cytometric analysis of total p53 protein content and proliferation indices in colorectal cancer, in
relation to clinical outcome. Eur. J. Surg. Oncol. 22, 508-515.

Rew, D. A, Reeve, L., and Wilson, G. D. (1998). A comparison of flow and laser scanning cytometry
for the measurement of cell proliferation in human solid tumors. Cytometry 33, 355-361.

Rew, D. A., Woltmann, G., and Wardlaw, A. J. (1999) Laser scanning cytometry. Lancet 353,255-256.

Riccardi, A., Danova, M., Wilson, G. D., Ucci, G., Dormer, P., Mazzini, G., Brugnatelli, S., Girino,
M., McNally, N., and Ascari, E. (1988). Cell kinetics in human malignancies studied with in vivo
administration of bromodeoxyuridine and flow cytometry. Cancer Res. 48, 6238—6245.

Risio, M., Coverlizza, S., Ferrari, A., Candelaresi, G. L., and Rossiniy F. P. (1988). Immunohistochemi-
cal study of epithelial cell proliferation in hyperplastic polyps, adenomas, and adenocarcinomas
of the large bowel. Gastroenterology 94, 899-906.

Sasaki, K., Ogino, T., and Takahashi, M. (1986). Immunological determination of labeling index on
human tumor tissue sections using monoclonal anti-BrdUrd antibody. Stain Technol. 61, 155-161.

Sasaki, K., Murakami, T., and Takahashi, M. (1987). A rapid and simple estimation of cell cycle
parameters by continuous labelling with BrdUrd. Cytometry 8, 526-528.

Sasaki, K., Kurose, A., Miura, Y., Sato, T., and Ikeda, E. (1996). DNA ploidy analysis by laser scanning
cytometry in colorectal cancers, and comparison with flow cytometry. Cytometry 23, 106—109.

Saunders, M. 1., Dische, S., Grosch, E., Fermont, D. C., Ashford, R., Maher, J., and Makepeace,
A. R. (1991). Experience with CHART. Int. J. Radiat. Oncol. Biol. Phys. 21, 871-878.

Sawtell, R. M., Rew, D. A., Stradling, R., and Wilson, G. D. (1995). The pan cycle expre’l
of proliferating cell nuclear antigen (PCNA) in human colorectal cancer, and its proliferd®ve
correlations. Commun. Clin. Cytometry 22, 190-199.

Shackney, S. E., and Shankey, T. V. (1995). Genetic and phenotypic heterogeneity of human malignan-
cies: Finding order in chaos. [Review]. Cytometry 21, 2-5.

Shackney, S. E., Smith, C. A., Pollice, A. A., et al. (1995). Preferred genetic evolutionary sequences
in human breast cancer: A case study. Cytometry 21, 6-13.

Shibuya, M., Ito, S., Davis, R. L., Wilson, C., and Hoshino, T. (1993). A new method for analyzing
the cell kinetics of human brain tumors by double labeling with bromodeoxy-uridine in situ and
with iododeoxyuridine in vitro. Cancer 71, 3109-3113.

Smith, P.J., Sykes, H. R., Fox, M. E., and Furlong, I. J. (1992). Subcellular distribution of mitoxantrone
in human and drug resistant murine cells analysed by flow cytometry and confocal microscopy.
Cancer Res. 52, 4000-4008.



51. Human Tissues and Tumors: Clinical Perspective 485

Speth, P. A., Kinsella, T., Chang, A., Klecker, R., Belanger, K., Smith, R., Rowland, J., Cupp, J.,
and Collins, J. M. (1989). Iododeoxyuridine incorporation into human haematopoeitic cells, normal
liver and hepatic metastases in man as a radiosensitiser and a marker for cell kinetic studies. Int.
J. Radiat. Oncol. Biol. Phys. 16, 1247-1250.

Stanton, P. D. (1996). Ph.D. Thesis, University of Glasgow, Scotland.

Stanton, P. D., Cooke, T. G., Forster, G., Smith, D., and Going, J. J. (1996). Cell kinetics in vivo
of human breast cancer. Br. J. Surg. 83, 98-102.

Steel, G. G. (1977). “Growth Kinetics of Tumors.” Oxford Univ. Press (Clarendon), Oxford.

Struikmans, H., Rutgers, D. H., Jansen, G. H., Tulleken, C. A. F., Van der Tweel, I., and Batterman,
J. J. (1997). S phase fraction, bromodeoxyuridine labelling index, duration of S phase, potential
doubling time and DNA index in benign and malignant brain tumors. Radiat. Oncol. Invest.
5, 170-179.

Tannock, I. (1986). Experimental chemotherapy and concepts related to the cell cycle. Int. J. Radiat.
Biol. 49, 335-355.

Teicher, B. A., Holden, S. A., Jacobs, J. L., Abrams, M. J., and Jones, A. G. (1986). Intracellular
distribution of a platinum rhodamine 123 complex in cis-platinum sensititive and resistant human
squamous carcinoma cell lines. Biochem. Pharmacol. 35, 3365-33609.

Terry, N. H. A. (1996). Predictive assays for radiotherapy: The role of tumor proliferation (Tpot)
measurements. Onkologie 19, 322-327.

Terry, N. H., White, R. A., Meistrich, M. I, and Calkins, D. P. (1991). Evaluation of flow cytometric
methods for determining population potential doubling times using cultured cells. Cytometry
12, 234-241.

Terry, N. H., Meistrich, M. L., Roubein, L. D., Lynch, P. M., Dubrow, R. A., and Rich, T. A. (1995).
Cellular kinetics in rectal cancer. Br. J. Cancer 72, 435-441.

Tiberghien, F., and Loor, F. (1996). Ranking of P-glycoprotein substrates and inhibitors by a calcein
AM fluorimetry screening assay. Anticancer Drugs 7, 568-578.

Tinnemans, M. M., Schutte, B., Lenders, M. H., Ten Velde, G. P., Ramaekers, F. C., and Blijham,
G. H. (1993). Cytokinetic analysis of lung cancer by in vivo bromodeoxyuridine labelling. Br J.
Cancer 67, 1217-1222.

Tinnemans, M. M., Lenders, M. H., ten Velde, G. P., Wagenaar, S. S., Blijham, G. H., Ramaekers,
F. C, and Schutte, B. (1995). Evaluation of proliferation parameters in in vivo BrdUrd labeled
lung cancers. Virchows Arch.427, 295-301.

Tsang, R. W., Fyles, A. W., Kirkbride, P., Levin, W., Manchul, L. A., Milosevic, M. F., Rawlings,
G. A., Banerjee, D., Pintilie, M., and Wilson, G. D. (1995). Proliferation measurements with flow
cytometry Tpotin cancer of the uterine cervix, correlation between two laboratories and preliminary
clinical results. Int. J. Radiat. Oncol. Biol. Phys. 32, 1319-1329.

Tubiana, M., and Courdi, A. (1989). Cell proliferation kinetics in human solid tumors; relation to
probability of metastatic dissemination and long term survival. Radiother. Oncol. 15, 1-18.

Vanderlaan, M., and Thomas, C. B. (1985). Characterization of monoclonal antibodies to bromodeox-
yuridine. Cytometry 6, 501-505.

Van Erp, P. E., Boezeman, J. B., and Brons, P. P. (1996). Cell cycle kinetics in normal human skin
by in vivo administration of iododeoxyuridine and application of a differentiation marker
implications for cell cycle kinetics in psoriatic skin. Anal. Cell. Pathol. 11, 43-54.

Van Putten, L. M. (1979). “Cell Kinetics, a Guide for Chemotherapy? Controversies in Cancer” pp.
117-119. Masson Publ., NY.

Waldman, F. M., Dolbeare, F., and Gray, J. (1988). Clinical applications of the Bromodeoxyuridine/
DNA assay. Cytometry 5(Suppl. 3), 65-72.

Watson, J. V. (1992). “An Introduction to Flow Cytometry.” Cambridge Univ. Press, Cambridge.

Webster, L., Hodgkiss, R. J., and Wilson, G. D. (1998). Cell cycle distribution of hypoxia and
progression of hypoxic tumor cells in vivo. Br. J. Cancer 77, 227-234.

Wheeless, L. L., Coon, J. S., Cox, C., et al. (1991). Precision of DNA flow cytometry in inter-
institutional analyses. Cytometry 12, 405-412.




486

David A. Rew

Williamson, K. E., Gilliland, R., Weir, H., Grimes, J., Hamilton, P., Anderson, N., Crockard, A.,
and Rowlands, B. (1994). Hydrochloric acid denaturation of colorectal tumour tissue infiltrated
with bromodeoxyuridine. Cytometry 15, 162-168.

Wilson, G. D. (1991). Assessment of human tumor proliferation using bromodeoxyuridine—current
status. Acta Oncol. 30, 903-910.

Wilson, G. D. (1993). Limitations of the BUdR technique for measurement of tumor proliferation.
In “Current Topics in Clinical Radiobiology of Tumors: Medical Radiology” (H. P. Beck-
Bornholdt, ed.). Springer-Verlag, Berlin.

Wilson, G. D., McNally, N. J., Dunphy, E., Karcher, H., and Pfragner, R. (1985). The labelling index
of human and mouse tumors assessed by BrdUrd staining in vitro and in vivo and flow cytometry.
Cytometry 6, 641-647.

Wilson, G. D., McNally, N. J., Dische, S., Saunders, M. L., Des Rochers, C., Lewis, A. A., and
Bennett, M. H. (1988). Measurement of cell kinetics in human tumors in vivo using bromodeoxy-
uridine incorporation and flow cytometry. Br. J. Cancer 58, 423-431.

Wilson, G. D., Dische, S., and Saunders, M. L. (1995). Studies with bromodeoxyuridine in head and
neck cancer and accelerated radiotherapy. Radiother. Oncol. 36, 189-197.

Wilson, G. D., Grover, R., Richman, P. L., Daley, F. M., Saunders, M. I, and Dische, S. (1996). BCL2
expression correlates with favourable outcome in head and neck cancer treated by accelléd
radiotherapy. Anticancer Res. 16, 2403-2408.

Wilson, M. S., West, C. M., Wilson, G. D., Roberts, S. A., James, R. D., and Schofield, P. F. (1993a).
An assessment of the reliability and reproducibility of measurement of potential doubling times
in human colorectal cancers. Br. J. Cancer 67, 754-759.

Wilson, M. S., West, C. M., Wilson, G. D., Roberts, S. A., James R. D., and Schofield, P. F. (1993b).
Intratumoral heterogeneity of tumor potential doubling times in colorectal cancers. Br. J. Cancer
68, 501-506.

Withers, H. R., Taylor, J. M. G., and Maciejewski, B. (1988). The hazard of accelerated tumor
clonogen repopulation during radiotherapy. Acta Oncol 27, 131-146.

Woltmann, G., Wardlaw, A., and Rew, D. A. (1998). Image analysis enhancement of the laser
scanning cytometer. Cytometry 33(3), 362-365.

Woltmann, G., Ward, R. J., Symon, F. A., Rew, D. A., Pavord, L., and Wardlaw, A. J. (1999).
Objective quantitative analysis of eosinophils and bronchial epithelial cells in induced sputum by
laser scanning cytometry. Thorax 54, 124-130.

Wright, W. E. (1986). Bromodeoxyuridine, probability and cell variants. Towards a molecular under-
standing of the decision to differentiate. BioEssays 3, 245-241.

Yang, W.-D., De Bono, D., and Rew, D. A. (1998). Accelerated endothelial cell senescence studied
by laser scanning cytometry. Abstract CB18: Cytometry ISAC IX Meeting Suppl. 9.

Zackrisson, B., Gustafsson, H., Stenling, R., Flygare, P., and Wilson, G. D. (1997). Predictive value
of potential doubling time in head and neck cancer patients treated by conventional radiotherapy.
Int. J. Radiat. Oncol. Biol. Phys. 38, 677-683.



