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Door naast de EORTC-02 trial een trial met een identiek protocol
voor honden te laten verlopen, kan vroege informatie over het te
verwachten resultaat van de humane trial verkregen worden.

Het GQ-concept dient voor tumoren nader getoetst te worden.

Het gebruik van spierrelaxantia bij dieren dient aan wettelijke
voorschriften te worden gebonden.

Het verdient aanbeveling aan een toelating volgens artikel 9 van
de Wet op de Dierproeven gerichte vorming en een toets te doen
voorafgaan.

Heroineverslaving gedraagt zich epidemiologisch als een besmettelijke
ziekte met hoge mortaliteit en dient als zodanig benaderd te worden.
Verplichte behandeling van verslaafden is op die grond te rechtvaardigen.
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Tussen de Faculteit der Geneeskunde en de Faculteit der Diergeneeskunde
van de Rijksuniversiteit Utrecht dient een, bouwkundig vorm gegeven,
ontmoetingsgebied voor dierexperimenteel onderzoek te ontstaan.

Vroeg-diagnostiek van dierlijke tumoren dient door voorlichting aan
dier-eigenaren bevorderd te worden; televisieprogramma's zijn hiertoe
een geschikt middel.
8

De voorkeursbehandeling van een hernia nucleus pulposus bij ds hond
met beginnende neurologische uitval is chirurgische decompressie.

Diergeneeskundige studenten die weigeren deel te nemen aan een
chirurgisch practicum op proefdieren lopen het risico hun toekomstige
patiënten tot proefdier te maken.
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De discrepantie tussen de regelmatige intensieve kwaliteitscontrole
op geneesmiddelen en het ontbreken van een dergelijke kwaliteitscontrole
op hen die geneesmiddelen voorschrijven verdient nadere studie.

Voorkomen dient te worden dat het "Animalium-AMC" een animosium wordt.
12
The story of mice and men will continue but shortly it should be
raining cats and dogs in cancer literature.
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The (cancer) therapist - be he a chemotherapist, radiotherapist,
surgeon, immunoiogist, or some mixture - usually cannot be a purist in the
sense of total dedication to a single area of a single discipline,
including the "cell-cycle" and all that it implies. Therefore, the full
time kineticist or kineticist-cell biologist should be prepared, on
occasion, to see the cancer therapist misuse his terms and theories, or
perhaps use them in a context not intended. This can be disconcerting, but
it should be understandable and even forgivable because the cancer
therapist's problems and primary goals may be somewhat different, and
rarely is he afforded the luxury of choosing biological systems of optimal
homogeneity or systems which can be manipulated and quantitated with ease.
The cancer therapist needs all the help he can get from the cellular
kineticists, and needs to be criticized if he errs, but criticism will be
most useful when made with full realization of the problems and variables.
Howard E. Skipper
in "The cell-cycle and Cancer"
Ed. R. Baserga (1971)
Marcel Dekker New York 0-8247-1039-8.
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VOOR MARLIES EN ANOUK, DIE MET HUN AVONDLIJKE BELANGSTELLING
VOOR WINNIE-THE-POOH PAPPA'S MONOMANIE RELATIVEERDEN
EN VOOR DE MOTTO'S ZORGDEN.
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1 . INTRODUCTION
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1.1 Cancer and therapeutic modalities
Studies in dynamic histology are not an end in themselves but are one
step in understanding biological organization and homeostasis.
One of the most striking situations in the body where homeostasis is not
maintained, is the disease we call cancer. Cells do not behave as they
ought to and consequently tissues develop with aberrant properties. A
characteristic abnormal property is rapid and uncontrolled growth.
As the first cases in medical history were observed with the physical
means (vision, touch) that were available at the time, the abnormality was
named for its most easily detected property and called tumour.
Soon it was realized that some tumours could exist in the host for a
long time, maybe the normally to be expected lifespan of the individual,
while others led to serious symptoms and early death. A division was then
made and some tumours designated as benign, while others were called
malignant. The most basic property of a malignant tumour is that, if
untreated, it can be the cause of death of the host by unlimited growth.
Both malignant and benign tumours can lead to death by their capacity for
growth only; but most benign tumours grow only expansively without
infiltration. They can cause however mechanical interference with the
functioning of neighbouring normal organs to a degree that is incompatible
with life. Especially serious are circulatory disturbances; if the tumour
is not infiltrative, pressure on veins, thrombus formation and/or vena
caval obstruction can result.
Lymphedema can develop from lymphatic obstruction. Hollow organs can be
compressed and obstructed and acute signs can develop; the character of
these signs will be determined by the specific structure, e.g. trachea,
ureters or intestines, involved.
Morphological studies have shown that all malignant tumours that cause
the death of the host, are characterized by infiltrative growth. Much of
the morbidity associated with cancer results from this property, that leads
to local neoplastic infiltration and destruction of normal tissue.
The malignant tumour shows infiltrative growth and not only is pressure
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exerted on neighbouring tissue, but the abnormal cells invade these
structures. Interference with the function of vital organs can cause severe
suffering and finally death.
Growth into vessels and subsequent loosening of cells lead to the most
serious complication of tumour: metastases. If this happens the patient is
handicapped in several ways: not only is he carrying the primary tumour but
also secondary ones that show the same behaviour as the primary in unknown
and/or inaccessible places. This creates large and sometimes unsurmountable
problems in the treatment.
It will be obvious that one of the first treatments used for growths,
consisting of cells behaving abnormally was surgery. However the time has
long passed since one could think about cancer-treatment in purely
mechanistic terms. Although the adagium: early and radical removal still
holds, it has become clear that surgery alone is not capable of improving
survival results beyond a certain critical point. A controlled study (Misdorp and Hart, 1979) has shown that no difference in prognosis could be
detected between mammectomy and block-dissection in bitches with malignant
mammary carcinoma. However the fatalistic attitude that has sometimes
existed in veterinary medicine in the past should not revive on the basis
of false interpretation of such results; early removal when the tumourload
is still small must be advocated with strength, because clinical staging
(the tumour size, regional node involvement and existence of distant
metastasis) used in pre-treatment evaluation has shown that small tumours
without demonstrable node involvement or metastases have a very good
prognosis when treated surgically.
However sometimes metastases already exist upon first presentation of
the patient but they cannot be detected because they are still very small.
Amongst others metastases are very important because, although the primary
tumour may be accessible by surgical means, this often is not the case
with metastases. In these cases complete removal of the primary tumour will
therefore not lead to a cure of the patient.
Other means of removing cancerous cells from the patient must then be
applied. Soon after the discovery of X-rays by Röntgen in 1896 it was
realized that these rays were able to destroy tissues. The total dose
required to destroy tumours completely however could sometimes not be
tolerated by healthy tissue. Dividing this total dose into several
fractions improved the situation considerably (Coutard, 1930, 1932).
This opened possibilities for actual treatment of patients, especially
for those tumours that were not accessible by other forms of therapy
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(i.e. radical excision). The normal tissue had greater regenerative
capacity than the tumour and thus could recover to some extent in the
interval between fractions. Two properties of the tumour are, amongst
others, determining the results. The first is the- radiosensitivity. Fastgrowing tumours seem in general to respond well to irradiation. The growth
rate seems to be a parameter which "'s interesting from a point of view of
the therapist. In 1906 Bergonié (Bergonié and Tribondeau, 1906) had already
drawn attention to this fact; that knowledge was elaborated upon when Breur
(1965) measured lungmetastases and found the fastest growing ones to be
the most. radiosensitive.
The second is the total volume of the tumour: a malignant tumour grows
rapidly and the tendency to grow continues, not affected by the regulatory
mechanisms that influence the growth of normal tissues. The longer a tumour
has been growing the larger the volume and the greater the problems.
Regression of the tumourvolume during fractionated irradiation is an
exponential phenomenon. To reduce 10 cells to 10 demands the same amount
of therapy as 10 - 10 , and 10 -10
. So the question is: can the
healthy tissue tolerate the total dosage of radiation required to reduce
the volume at the starting point of therapy to a volume of 10" cell?
When this is possible 9 out of 10 cases can be cured.
Therapy of malignant growths must therefore be directed at two
objectives:
1. early and complete treatment of the primary tumour to prevent (further)
metastases.
2. if metastases already exist, early treatment of these lesions.
But even though the management of cancer by surgical intervention and/or
irradiation has reached a high level of sophistication and effectiveness,
the disease is not always cured by these localized forms of treatment.
In 1941 a breakthrough for the "medicinal approach" to cancers came when
some tumours of the prostate appeared to respond favourably to the administration of estrogens (Nesbit et al., 1946). Soon after this discovery
nitrogen-mustard, a cell-poison, was shown to influence lymphomas
(Wintrobe, 1948) and in 1954 the National Cancer Institute in the U.S.A.
started a national program for the study of chemotherapy. Anticancerdrugs
mainly affect cells that are actively cycling and generally do not
discriminate between normal and neoplastic cells. Cells of normal tissues
and those of tumours can show a variety of ways to move through the cellcycle however: some cells cycle continuously, while others retreat

temporarily to a resting phase or move out of the cell-cycle definitively
and die. The response of cells to drugs depends upon the action-mechanism
of the drug and the position of the cell in the cell-cycle (Bridget Hill
and R. Baserga, 1975). Dosage, fractionation and treatment schedules are
profoundly affected by this fact.
The last decades have seen a tremendous effort in the field of
immunology' and cancer. The basic idea is that if the body can recognize
cancer-cells as "foreign" material and if this mechanism could be
stimulated this property could be used to delay the disease process. In
test-models this has been worked out proving the presence of antigens on
the cell-surface of cancer-cells that distinguish them from normal cells.
The immune system can react to these antigens in different ways; B-cells
can produce cytotoxic antibodies, T-cells can release lymphokines and
initiate a non-specific response by macrophages, polymorphonuclear
leukocytes and lymphocytes and finally specific effector cells "dependent
upon specific antibody can bind to tumour cells and cause cell-lysis.
Stimulation of these systems has been tried and in some cases with remarkable success, with non-specific vaccines (R. Bomford and M. Olivotto, 1974)
and with chemical immunopotentiators (William K. Amery, 1978). Recently it
has become clear however that the impact of this therapeutic approach in
cancer-treatment is very small.
From recent physical means of attacking cancer two must be mentioned:
cryosurgery and hyperthermia.
In cryosurgery an attempt is made to kill tissue by repeatedly freezing
and thawing it. Different mechanisms are responsible for the destruction
of cells. In the cells closest to the source of the cold, large icecrystals
form that destroy the cells.
A little further away extracellular water freezes more slowly, the extracellular salt concentration increases and cellular dehydration by osmosis
results. Thrombosis of microcirculation is another reason for tissue death.
Cryosurgery has the advantage over surgery that it is non-invasive, usually
requires minimal anaesthesia and can be applied to localisations where
sharp dissection would lead to unmanagable tissue defects.
The disadvantage is that not all tumours are well-enough circumscribed
and it therefore may be impossible to destroy all cancer cells. That its
application is virtually limited to the surface of the body goes without
saying.
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In contrast, some tumours can be treated with heat. Hyperthermia is
applied clinically and has the advantage of having a large effect on anoxic
cells that are rather rasistant to radio- and some forms of chemo-therapy. .
The observation that some cells in a tumour are more sensitive to a
particular type of treatment and other cells to another has led to many
combinations of surgical, physical, chemical and biological means to try
and destroy all aberrant cells and thus cure the patient. It would lead too
far to describe all these approaches and for this study we focus our
attention on radiotherapy mainly.

i

- 10 -

1.2 Cancer and radiation-therapy
As we mentioned before, radiation can destroy living tissue and soon
after this was realized it turned out that some malignant growths are more
sensitive than their surrounding tissue. The exact mechanism by which
radiation kills cells is up till now not fully known. One of the endresults is disruption of DNA. This may be a direct effect or it may be due
to damage done to precursors of DNA or essential proteins.
It is clear that if the dose given is large enough any number of cells
can be destroyed. But as it is impossible to deliver X-rays to the tumourcells selectively, such a dose would do irrepairable harm to the
surrounding normal tissues as well and the patient would not benefit from
the treatment. Our approach should therefore be to deliver the optimum
dose, that is the maximum dose that can be tolerated by normal tissue. If
the volume is not too large and theoretically a reduction to less than one
cell can be aimed at without great danger to the healthy tissues, hope for
a cure exists.
The dose-response curves after 1 dose of irradiation have been
determined for many normal and cancerous cells and they all basically show
the same picture:
% surviving
(log.)

dose in Gy

Figure 1: Survival curve for mammalian c e l l s exposed to radiation. Gy is
Gray (= 100 rad).

f

a indicates the point where 37% (= 1/e) of the irradiated cells
survive. DQ is the dose required to achieve the reduction of
surviving c e l l s to 37%.
The initial part of the curve in the low-dose region is called the
shoulder; i t indicates that cells can absorb some radiation, suffer damage
r 11. r.
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and recover. However when more damage is accumulated, each additional
amount of radiation kills an equivalent amount of cells; the curve becomes
exponential and consequently rectilinear on semilogarithmic paper. The
recovery of non-lethal damage in the shoulder-region was described by
Elkind (Elkind, Alescio et al., 1964) and is named after him.
The slope of the rectilinear part is one of the measures for the sensitivity of the tissue studied and is expressed as D-. (the dose that leaves
37% (1/e) of the irradiated cells capable of unlimited proliferation).
Another factor is the width of the shoulder; when El kind-repair is great,
the total amount of radiation to control a tumour will of necessity be
larger than in a case where a tumours shows no or little El kind-repair.
It is therefore necessary to fractionate the irradiation; each time the
effect on the tumour is then repeated and the reduction in the number of
cells is exponential.
Clinical experience has shown that fast-growing tumours are frequently
more sensitive to irradiation than slower growing ones. This must be
related to their biological behaviour in some way; it can be explained by
either a small shoulder (very little repair) or a steep angle of the
rectilinear part (much damage per unit of radiation). A high proliferative
fraction for instance combined with a short cell-cycle time would lead to
such a small shoulder and a steep angle of the rectilinear part, while a
lot of quiescent cells and a long cell-cycle time would cause the opposite.
It is therefore of interest to study the mechanisms behind the growthpattern of the tumour. Cell-kinetics can contribute much to the knowledge
of these mechanisms and may thus be a valuable tool to increase our
understanding and consequently our therapeutic possibilities.
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1.3 Radiation-therapy and cell-kinetics
Radiation treatment requires information on the properties of the tumour
to determine a treatment-plan; the more we know about the tumour, the
better our prediction of the effect of the treatment can be. Radiobiology
can help us to get a better insight about the mechanisms behind the
therapeutic knowledge of today. Cell-kinetic studies are an important asset
for radiobiology; these studies are aimed at understanding and quantifying the dynamic events in the life history of a cell or a group of cells,
for instance proliferation, migration through the mitotic cycle, and death.
Cell-kinetics can be studied with the help of radio-active labeled
precursors of DNA: an insight into the activities of the cell-cycle and the
proliferation of cells in tumours can be gained.
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When mammalian cells proliferate the period of time from one mitotic
division to the next can be divided into three phases, because
DNA-synthesis can only be observed during a part of this period. First
described by Howard & Pelc (1951) using autoradiography of radioactively
labeled bean roots, this DNA synthetic period was called the S-phase and
the remainder of the interphase was divided into two other phases, G.
and Go, to describe the gaps in time before and after this S-phase.
Lajtha, Oliver & Ellis (1954) made a similar observation with human bone
marrow cells and these three phases have it rice been shown in every type of
mammalian cell which has been studied. The relative lengths of the phases
vary in different cell types however and G. may be very long or too short
to be measured. It must be emphasized that the positively measurable event
in the interphase is the S-phase, that derives its name from the fact that
this is the unique moment in which DNA is replicated identically, semiconservative via a template mechanism. This publication will use the
accepted term S-phase for the time during which this complicated process
takes place; the process will be described as DNA-synthesis.
Until recently the only other positively recognizable event in the cellcycle has been the relatively brief period of mitosis when condensed
chromosomes are visible and the nuclear membrane is absent just before
and after cell division. Evidence is now beginning to appear which indicates patterns of enzyme synthesis throughout the cell-cycle which may
provide additional markers (Mitchison, 1969; Braunschweiger et al., 1977).
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•'H-thymidine

Figure 2: Schematic drawing of the cell-cycle. M = mitosis, Gj = gap phase
one, S = DNA-synthasis-phase, G- = gap phase two. The arrows
indicate the area where thymidine is incorporated in the nucleus.
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If we assume that a single dose of H-thymidine, a DMA-precursor is
given to a population of cells, then only those cells that are synthesizing
DNA will incorporate this radioactive label.
They will take some time (part of the S-phase plus G-) to enter the
phase where mitosis is recognisable in the sections. These mitoses are now
labeled by H-thymidine, for some time these "labeled mitoses" will be
present. Then the cohort of cells will move into the G.-phase and from
there on into a new S-phase.
Quastler and Sherman (1959) have shown that with the data from a
curve (commonly called a percentage labeled mitoses curve) the cell-cycle
components can be determined (see page 20, fig. 7 and page 21, fig. 8).
The period from the tritiated thymidine injection ("flash label") to 50%
labeled mitoses is considered to equal G ? + H. The time between the 50%
point on the ascending limb and the 50% point on the descending limb of the
first peak is regarded to be equal to the synthesis-time (T s ).
The total cell-cycle time is defined as the interval between the 50%
point on the ascending limb of the first and second waves. The curve will
be explained in more detail in chapter 2.1 "Cell-kinetics".
This technique is used extensively in cell-kinetics by many workers.
With a radioactive marker (for instance H-thymidine) another phenomenon
in a cell-population can be studied as well. When the marker is not administered as a "flash"- or "pulse" -label, but continuously, every cycling
cell will absorb the label as it passes into the period of DNA-synthesis.

;

I
):
:
I

;'••_.
;•*
;'
r
;-i
•
c:'

It has been demonstrated many times that after such continuous labeling not
all the cells had incorporated the radio-active thymidine and the
conclusion from this is that some cells are not participating in the
division process (Mendelsohn, 1960, Mendelsohn, 1962). These cells are
called resting or quiescent cells (Q-cells), in contrast to the labeled
cells which are called proliferative cells (P-cells). The ratio of prol iferative cells to the total population is given as the labeling index (LI).
Another method to get information about the cell-cycle is the graincount halving technique (Taylor et al., 1957; Barendsen et al., 1973). This
autoradiographic method is used mainly when not enough mitotic figures are
available for counting, and consequently a PLM (percentage labeled mitoses)
curve cannot be constructed. With this technique, the assumption is that
the number of grains above a labeled individual cell is halved at mitosis,
so that the average or median grain-count indicates the duration of the
cell-cycle. There are several practical problems: weakly labeled cells may
after division, give rise to false negatives for instance; reutilization of
label in a long-term experiment is another pitfall. The most serious
objection against the technique is the possibility that cells migrate
continuously from the proliferating to the non-proliferating state; a
significant number of this labeled cells may move into a non-proliferative
state, and thus the grain-count halving is prolonged artificially. The
application of this technique is of limited use, and these limitations
should be realised continuously.

j,

A different technique, where the use of radio-isotopes is unnecessary,
is flowcytometry. Here a cell-suspension is prepared and the nuclear DNA is
stained with a fluorescent dye. This cell-suspension is then led through a
capillary tube of approximately 30u and a focussed bundle of monochromatic
laser light is directed at it. The fluorescence of each single cell is
recorded as a measure of DNA-content. As DNA-content can be used as a
measure of the location of the cell in the cycle, it is possible to
determine the relative distribution in a population of cells in G-, G-, S
and M.
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Many methods have been developed to extract mathematical data from the
measurements made with these techniques (Aherne, Cample John and Wright,
chapter 4, 1977). Among others van der Linden (1980) has published a
computer-program to derive cell-kinetic data from such measurements.
In summary we can differentiate a number of events in the cell-cycle of
which two can be visualised: mitosis and the S-phase.
With the use of isotopes and/or flowcytometry measurements can be

f
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cörried out of the percentage of cycling cells and the duration of mitosis,
G.-, S- and G2«phase.
Now, as was mentioned before, the clinical experience is that fast
growing tumours respond better to irradiation than slower growing ones. The
growth rate of the tumour is therefore determined by the cell-cycle, the
percentage of proliferating cells and the cell-loss. More detailed information about these phenomena is required and can possibly be related to
treatment-plans. Clinical and experimental work has demonstrated that early
treatment compares very favourably with treatment in a later stage of the
disease. As volume and radiosensitivity determine success or failure, we
must gain information on these two parameters. In the case of lung-metastases, volume can be derived from diameter-measurements on the radiograph
of the thorax. If the volume is small this will work in the advantage of
tha therapist in several ways. The total dose to reduce the total amount of
tumourcells to for instance 10 will be smaller for a small volume, as we
discussed before. But in this small volume a large percentage of cells will
be P-cells because there are few hypoxic areas; hypoxia is one of the
reasons for a cell to leave the cycle. P-cells are more radiosensitive than
Q-cells and pass through G« and M while cycling.
These two phases are "windows" where optimum sensitivity for radiationdamage exists during the cycle. A large percentage of the cells is thus
radiosensitive and we have an optimum effect of the dose given. The reason
for this effect was discussed on page 12.
The question now arises: are very early metastases more radiosensitive
than older ones? If one could prove that they indeed have a short doubling
time, indicating that close to 100% of the cells are cycling, and maybe
the cell-cycle time itself is short, then a theoretical cornerstone could
be laid for the clinical approach.
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1.4 Purpose of the investigation
As the treatment of metastases is a very important problem in human and
veterinary medicine (for instance osteosarcoma is notorious for its high
deathrate due to this problem), proof was sought for the hypothesis that
the doubling time of early metastases is shorter than that of tumour cells
of an older age. This is of fundamental importance for the therapeutic
problem: is a favourable effect to be expected from a limited dose of
radiation on the lungs when metastases are still very small or even
invisible? If the hypothesis holds true, it would be justified to treat
patients, even though a small group of patients will be treated
unnecessarily; clinical experience shows that some patients have not
developed metastases without adjuvant treatment. The interest was directed
at the very early (1-cell, 2-cell etc.) stages. Obviously these are not
detectable in patients and therefore an experimental study with tumourcells
in the lungs of mice was devised. The expectation is that the theoretical
approach may produce an additional basis for the radiotherapeutic and
chemotherapeutic treatment of patients, in whom the tumourload has been
diminished by treatment of the primary tumour but where metastases,
although frequently not detectable must be expected.
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2.1 Cell-kinetics
In the "introduction" the basic concept of the cell-cycle was described;
this concept is founded on the discovery that DNA-synthesis is limited to
a distinct portion of the interphase and is separated from mitosis by
temporal "gaps".
To get a better understanding of the processes involved, we will follow
the cell-cycle by describing the technique of "percentage labeled mitoses"
curve, because i t clarifies the different stages of the cycle very nicely.
The first studies were done with vegetable cells and their incorporation
Oil
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of P-compounds (Howard and Pelc, 1951). It was possible to demonstrate
in this model that there is a definitive, circumscript period of synthesis
of nuclear material in cells and that it falls between 2 periods of
relative non-activity, before and after mitosis.
This concept led to the introduction of the PLM - curve (Quastler and
Sherman, 1959). The method can resolve the cell-cycle into two interphase
gaps, Gj and G^, and the other two recognizable events M and S. If all
cells are synchronized and we view the theoretical model again:
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Figure 3: see figure 2; open circles represent labeled cells.
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it is clear that all cells will incorporate label during the S-phase and
consequently move as a cohort through G 2 .
If we then score labeled mitoses (a combination of two visible marking
events) and plot them graphically against time, the following will be seen.
First, cells will incorporate label but no labeled cells will go into
mitosis at that time, because they are moving through 62The score is 0 during the time required for G 2< Then labeled cells
arrive at M and start to show of the classical pattern of the prophase.
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Figure 4: A theoretical percentage labeled mitoses curve.
Explanation see text.
As all labeled cells gradually move into this part of the cycle, the
slope rises up to a point, where 100% of the labeled cells have gone into
mitosis.
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Figure 5: The theoretical percentage labeled mitoses curve in a later
stage. Explanation see text.
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When all cells have entered mitosis, a flat portion of the curve
follows; this represents the time corresponding to the S-phase. Some cells
were in late S and consequently arrived in M early, others were in early S
and arrived in M later. When all cells have passed through the plateau, the
curve falls rapidly to zero. A period then follows where no combinations of
label and mitosis can be detected.
100

50
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Ü
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Figure 6: The theoretical percentage labeled mitoses
completion of mitosis. Explanation see text.

curve

at the

A second rise is then expected after the cells have gone through G-, S
and G 2 (without incorporating label this time) and the process is repeated. In this theoretical model, where no loss of synchronisation occurs and
no cells move out of the cycle, the repetition is infinite.
100

50
Tg2+M

A\
Tg2+M+T<J

• 3H-thymidine

1

T

Figure 7: A completed theoretical percentage labeled mitoses curve.
Explanation see text.
-

20 -

Calculations can now be carried out, because from the explanation given
above, the following data follow.
Tg 2 + T Q ™ is the time from the injection of labeled thymidine till the
moment that 50% of the mitoses are labeled.
T s is ths time between the moment that 50% of the mitoses are labeled on
the rising leg of the curve till the same moment on the descending part.
T c is the time from the first moment that 50% of the mitoses are labeled
on the rising leg of the first curve till the same moment on the rising leg
of the second curve.
Tp minus T_ equals T G 2 Plus T» plus TV.,.
In reality the cells have a variable transit time; they obey Gaussian
distribution and there is zero correlation of transmit time from one phase
to the next. This now means that the theoretical trapezoids are replaced by
waves, flattening out gradually with time.

100

• 3H-thymidine

T

Figure 8: A completed percentage labeled mitoses curve in reality.
Explanation see text.
The calculations carried out before can still be used. If the peaks and
valleys are well above and below the 50% level, this level can still be
determined and related to T c . The second wave however is frequently very
flat in reality and then this type of calculation becomes unreliable.
Mendelsohn (in "Cellular Radiation Biology", 1965) therefore proposed a
method to determine the area under each wave of the PLM curve;
and T„
'G2 + 0.5M' T'Sc •'"*
'G2 +M + Gl can be calculated from these areas.
The same author (Mendelsohn and Takahashi in "The cell-cycle and cancer"
1971) has shown that the errors in the half-height level method turn out
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to be enormous.
Extremely complicated methods must be used to abolish these errors. The
basic concept of cell-cycling (that is, division into four discernible
periods) is however unaffected by the criticism focussed on the calculations. Many publications have provided statistical information on how to
extract reliable data from these curves; they are beyond the scope of this
study (Aherne, Camplejohn and Wright. 1977; Hermens, 1973).
Up till now we have talked about cells that move from one cycle into
another and continue to do so. In 1963, Lajtha and Gelfant introduced the
concept of G Q , where cells move out of the cycle in the beginning of the
Gj period and can either remain indefinitely in a resting state or, when
recalled by an appropriate stimulus, enter back into G.. and consequently
S after a delay.
In a later study Gelfant (1977) elaborated on this concept and proposed
a model where cells can arrest at three points in the cell-cycle: early Gj
(blocked by a GQ barrier), in late G, and in late G 2 . He proposes that
tumour growth could then depend on several subpopulations:
1) residual cycling cells that have not undergone the process of cellular
ageing or conversion to the non-cycling stage. In this system cells move
through the cycle without obstruction to give rise to 2 daughter cells
and the total volume is restricted by cell-loss. Amongst others, cellloss is one of the phenomena responsible for the fact that many tumours
grow at a much slower rate than calculations from the cell-cycle time
would predict. The biological mechanisms behind this term fall into
three categories: cell maturation, cell death and cell emigration
(Steel, 1977);
2) the three categories of non-cycling early Gj - ( = G Q ) , late Gj - and late
G 2 - blocked cells. It is assumed that over 90% of the cells in human
tumours may be in these non-cycling states;
3) released cycling cells, that continue cycling until homeostasis or
hypoxia causes their reverting to the non-cycling state.
The diagram, first depicted on page 14 can now be altered as follows:
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Figure 9: Schematic drawing of the cell-cycle, modified from figure 2.
G Q = restingphase (see text). The corrugated areas indicate
blocks in G, and G,,.
Reviewing the literature, Tannock (1980) has asked: "Cell-kinetics,
where to now?". He briefly discusses the descriptive and applied aspects of
the science and advocates the continued search for the mechanisms behind
the phenomena. He expects that the ultimate key to understanding cell
division and its controls will have to be elucidated at a molecular level.
However if these molecular controls can ever be dissected, an almost unlimited application of the field in understanding normal development and
cancer comes into view.
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2.2 Experimental systems
The behaviour and especially the cell-cycle phenomena of tumours has been
studied in v i t r o , in many animal models, and in patients.
Interesting models are tumours that grow in the ascites form.
Loewenthal (1932) described a transmissible tumour in mice, which grows :is
a single cell-suspension and causes ascites. Klein and Révész (1953) did
quantitative studies on the multiplication of neoplastic cells in vivo and
established a growth curve for the Ehrlich and the MC1M tumour. In these
models cell-counting in the collected peritoneal fluid was possible.
This type of tumour has many advantages over solid tumours in several
types of investigations in various branches of experimental oncology; one
of the advantages is the possibility to measure directly the increase of
the total number of free tumour cells in the entire peritoneal fluid and
then obtain quantitative growth curves. The finding that older tumours show
a slower growth-rate than younger ones (Reinhold, 1965) was proven again
with this tumour-system in mice (Lala, 1972).
This has been found to be associated with a prolongation of the mitotic
cell-cycle and i t s component including the period of DNA-synthesis
(S-phase) in the tumour cells (Lala and Patt, 1968) and by a greater
percentage of cells moving into GQ.
The finding by the same author that the same tumour cells in the solid
form do not exhibit significant changes in the cell-cycle duration with
increasing tumour size or age (Lala, 1970) is surprising.
However i f extrinsic factors (hypoproteinaemia, hypoglycaemia) are
responsible for this phenomenon, other cycling cells of the host should
be affected too. This was studied by measuring the DNA-synthesis times of
myelocytes and nucleated erythroid cells in the bone marrow of healthy
mice, as well as mice bearing advanced Ehrlich ascites tumours. Neither
the S-period nor the rate of proliferation of these cells were influenced
by the presence of tumours in these hosts. This finding discounts the
possibility that the marked retardation of DNA-synthesis and proliferation
rate observed in the tumour cells with advancing tumour-age is a non-specif i c effect of the nutritional deterioration in the host.
i.:

The possibility of "crowding", as we can see in tissue-cultures, must be
considered in such a situation.
Schiffer et al (1973) studied the S-180 mouse ascites tumour at day 2,
4, 6 and 9 of growth. Their mean values for the different cell-cycle data
indicated that the cell-cycle lengthens considerably with the ageing of
the tumour (Tc on day 2: 18.4 hrs, Tc on day 9: 75.0 hrs.), while the
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growth-fraction remained close to 1.
Calculations lead them to the conclusion that T c at day 0 must have been
4 hrs., almost all of which is spent in DNA-synthesis. A prolongation in
cell-cycle time is therefore regarded to be characteristic of advancing
tumour age.
Frindel et al (1969) studied the proliferation kinetics of another
experimental ascites tumour of the mouse, known as NCTC 2472. At day 2 of
growth in the ascites-form the T c was approximately 13 hrs., while at day
12 the cell-cycle had lengthened to approximately 40 hrs.
This phenomenon was not found however in the solid form of the tumour
or when the tumour was cultured in vitro.
An early approach to the problem was made by Baserga (1963). His pioneer
work showed that tin cell-cycles of Ehrlich's tumour, growing as metastatic
modules in the lung and in the ascites form, were comparable: 20 vs 18 hrs.
He found that the percentage of dividing tumour cells decreased progressively with time after inoculation and that mean grain-count also decreased.
The length of the mitotic cycle however did not seem to change appreciably.
One year before Mendelsohn (1962) had stimulated much thought and research with the following remarks in the "Discussion" of his papers on
autoradiographic analysis of cell-proliferation in spontaneous breast
cancer of C3H mouse:
"At present there are a number of relevant arguments involving tumour
therapy and the concepts of either non-growing cells or variation in time
constants between cells" and "If one believes that fractionation is based
on time constants of the mitotic cycle, the variations may become extremely
important".
Bichel (1971) demonstrated with an ascites-plasmacytoma that lengthening
of the cell-cycle occurred by a blockade in G, and G« phase. He used an
interesting technique whereby a cell-free ascites-fluid from mice bearing
JB-1 ascites tumours was injected intraperitoneally into tumour-bearing
mice.
For the first hour no change was observed, but from 1-5 hrs. after the
injection of ascites fluid the percentage of labeled tumour cells was constantly decreasing. No decrease of the mean grain-count was seen after injection of the ascites fluid, indicating (although it has to be taken with
great caution) that once the cell has entered the S-phase no inhibition of
DNA-synthesis is demonstrable in the single cell. The writer then points
out that the decreasing growth rate, ending in a plateau phase, of the
- 25 -

ageing tumour is not explained by low oxygen tension, hypoproteinaemia or
hypoglycaemia. His results would indicate a self-inhibitory mechanism on
the basis of a or several substance(s), transmitted with the cell-free
fluid, as was already described by Rose in 1958.
Blockade of cells in the G^-phase was demonstrated in JB-1 tumour by
studying it at days 4, 7 and 10 after transplantation. While 0% and 0.2%
blocked cells with G„-DNA content were found at days 4 and 7, the amount of
these cells increased to 8% at day 10 (Dombernowsky et al., 1973). Their
calculations led them to mean cell-cycle times of 14, 44 and 41 hrs.
respectively at 4, 7 and 10 days after inoculation.
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However the ascites-tumour model has certain drawbacks. All tumourcells
are single cells and they have little or no contact with other tumourcells.
This is quite unlike most clinical tumours and therefore the data from this
model were compared to those obtained from solid tumours.
The Ehrlich tumour is quite suitable to study this problem, as it can
grow both in the solid and the ascites form. Tannock (1969) studied the
ascites tumour at 2, 6 and 10 days and solid tumours growing subcutaneously. His results show the usual lengthening of the median cellcycle time in the ascites form (12 hrs., 44 hrs. and 83 hrs. at 2, 6 and
10 days after implantation), but he reports only one cell-cycle time for
solid tumours, namely 17 hrs. These tumours were studied after spontaneous
death of the host and thus at different times after implantation, However
it is striking that solid tumours still have a relatively short cell-cycle
after a period that must exceed 10 days by far. The time of death of the
hosts bearing the solid tumours can not be determined from his publication.
The study of other solid tumours created many difficulties when compared
with the analysis to cell-cycle phenomena in ascites tumours, but the
situation reflects the patient-problem in many more ways,
Lewis lung carcinoma for instance grows after intravenous injection in
the lungs and eventually kills the host when the tumours become excessively
large. Simpson-Herren (1974) reported on cell population kinetics of transplanted and metastatic Lewis lung carcinoma. In her experiment tumours
growing subcutaneously were compared to spontaneously occurring lung metastases. The problem with these spontaneous lung metastases is that the age
of the tumours is not known; they are harvested by killing mice 21 days
after the subcutaneous implantation and doing serial autopsies. However
cell-cycle times for the primary tumours of 24 hrs. at day 21 post-implant
are reported and about 14-16 hrs. for the lung nodules. It must be
- 26 -
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remembered that these lung nodules must, by virtue of their origin, be of a
younger age. The author concludes as follows:
"The problem concerning the relative kinetics of growth for primary and
metastatic lesions is important in view of the greater sensitivity of the
metastases to chemotherapy. Therapy whether surgical, drug or a combination,
should be designed to eradicate all diseased tissue, if possible. In the
Lewis lung tumour system the metastatic tumours have a shorter doubling
time than in the primary tumours except in those animals that survive well
past the median day of death. The cell-cycle and S-phase were shorter in
the metastatic tumours (measured at day 21) than in the primary tumours at
day 5 or later, and the labeling index is higher at any point in time where
both could be determined. Each of these factors would be consistent with
greater drug sensitivity. There is a possibility that during the metastatic
process cells are selected which have different biochemical characteristics
but it seems more likely that the greater sensitivity results from a combination of kinetic characteristics generally found in very small tumours".
From the many other solid tumours that have been studied regarding their
cell-cycle phenomena, M 8013 deserves to be mentioned. This tumour had
originated in 1950 after administration of estrone to a female C 57 B1 mouse
and was studied by several authors in the Netherlands. Van Dongen (1961)
and Kluft (1965) studied the behaviour of hematogenic metastases and the
influence of hyperbaric oxygen respectively; Van Peperzeel (1972) described
the influence of single doses of radiation on lung metastases.
The same author described the cell-kinetics of a subcutaneous tumour
on the 7th day after implantation and found a cell-cycle time of 14.5 hrs.
A review of the literature on cell-cycle data of tumours is given bij Steel
("Growth kinetics of tumours", 1977) who also did studies (Owen and Steel,
1969) on lung metastases of spontaneous osteosarcomas and primary mammary
carcinomas in dogs. These stimulate so much interest, because they are of
direct importance to the veterinary profession and resemble the clinical
situation in human medicine.
Jenkinson (1975) offered an interesting possibility to apply cell
kinetics methods to the clinical patient, which might bring us closer to
incorporating our knowledge in the therapy.
He pointed out the problem that very few tumours in very few patients
are suitable for tritiated thymidine injections and serial biopsies;
Tubiana (1971) selected only 5 out 3000 patients bearing solid tumours.
He found however, that interesting information on cell-production and
-loss could be derived from a single intra-tumoral injection of

•

'

- 27 -

125

I-iodo-deoxyuridine, followed by a single biopsy, or from in vitro
labeling of one biopsy specimen and consecutively measurement of labeling
index.
Other possibilities to get cell-kinetic information are intra-arterial
infusion of H-thymidine before surgical intervention, the perfusion of
amputated limbs with a heart-lung machine, or even total body perfusion
with a heart-lung machine in the case of euthanized dogs suffering from
incurable tumours.
With this type of approach we have come to the in vivo application of cell
kinetics in the patient, who is after all the object of all effort from
clinicians, be they human or animal doctors. The f u l l circle from a very
a r t i f i c i a l model in an experimental animal to patients has been made but
many questions are s t i l l unanswered. Among them is the problem of c e l l cycle data of tumour metastases at a very early age.

f
I

- 28 -

;

l
:

•\
•\
:

I
I
:

-'
I
y
|
I,
|v
I
I
t
[
!

2,3 The clinical problem
In animals as in man tumours can, if left untreated, lead to unbearable
suffering. The veterinary surgeon has a different ethical problem regarding
euthanasia compared to his human counterpart and with cases that have a
poor prognosis this will often be the chosen way. In the last decades
however our knowledge of tumours has improved and thereby the possibility
of acceptable treatment. Surgery alone has led to more cures when the
histology of tumours was studied in depth; the concept of radical excision
and block-dissection has developed from these studies. However, the incidence of tumour recurrence and metastases after surgery alone can bs high
and it is not always a curative procedure (Harvey, 1976), depending on the
type of tumour. In addition the biological behaviour of some types of
tumour, for example oral melanoma and osteosarcoma, is such that surgery
is frequently unable to control the spread of the disease.
There is nowadays an increased interest in other forms of cancer-therapy
(chemotherapy, immunotherapy and radiationtherapy) which can be used in
combination with surgery. A multitherapeutic approach to the treatment of
cancer has developed.
An example of a very serious problem in dogs and man is osteosarcoma.
Less than 20% of the tumours in both man and dog have not metastasized at
the time they are brought to therapy (Owen, 1969).
This explains the very low success rate of amputation alone and makes it
essential that methods be developed to control the metastatic lesion. To
determine an approach to osteosarcoma-bearing patients, the characteristics
related to prognosis should be known.
In man, the histologic subtype is an important factor. Simon (1978)
describes the confusion in nomenclature and proposes to include all
tumours, described as "osteogenic sarcoma", in the group of osteosarcomas.
He also draws attention to the fact that some authors have combined
chondrosarcoma, fibrosarcoma and parosteal osteogenic sarcoma in their
studies, which confuses statistics in regard to prognosis considerably.
The histologic subtype is also a prognostic factor in dogs (Hisdorp and
Hart, 1979).
A question that immediately arises when dealing with osteosarcoma is:
what is the extent of the disease, viz. are recognizable pulmonary
metastases present? Sweetnam et al. (1971) reported on average timeinterval of 6 months between "the recognition of metastases in the lung and
death; those patients that came to treatment without recognizable lung
disease, did develop metastases after an average interval of 10 months.
•
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The appearance of metastases in the lung after amputation proves that these
tumour-cells were present in the lung at the time of diagnosis of the
primary, although still invisible on X-ray pictures of the chest and
consequently smaller than 7 mm?j.
If we now consider the greater radiosensitivity of these small metastatic tumours (Haveman et al., in press), a better understanding of their
biological behaviour will possibly support the elective lung irradiation,
and hopefully at the same time improve the therapeutical approach to these
patients. The most common cause of therapeutic failure in man (Taylor et
al., 1978) and in dogs (Brodey, 1965) is pulmonary metastasis.
The thought to treat these metastases at a very early stage because the
volume of the metastases is then small and the amount of radiation or
chemotherapy can be relatively small to obtain maximum cell-kill, is now
obvious.
Not only the volume of the tumour is of importance, but also the growthrate. As was mentioned in the introduction, fastgrowing tumours are in
general more radiosensitive than slower growing ones (Breur, 1965).
Van Peperzeel (1970) elaborated on his work and showed in man and dogs
with lung-metastases of spontaneous tumours that the reduction in volume
after single-dose irradiation was greater for the tumour with the fastest
growth-rate.
The growth-rate of lung-metastases can be expressed in an exponential
formula during the time they can be observed. When cell-proliferation is
faster in the early stages, this could be due to two different phenomena:
either all cells cycle and none are in G n , or the cell-cycle itself was
very short, or a combination of the two.
We already mentioned that approximately 80% of the primary osteosarcomas
have metastasized at the time of presentation, although these metastases
are usually smaller than 7 mm ^ and thus not visible on radiographs of the
lungs at the time. As these tumours have a fast growth-rate, they might be
radiosensitive in the early stages and it might be possible to cure some
of the patients by treating them with irradiation on the lungs with doses
that cun be tolerated by healthy tissue due to this greater radiosensitivity and their small size.
A very peculiar problem for human and veterinary medicine now appears:
these patients are going to be treated with major treatments without a
diagnosis of metastases, but on the assumption that the problem exists;
20 percent of the patients however will be treated for a condition that
they don't suffer from.
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This can only be accepted if the treatment does not harm the patient and
is based on as much as theoretical evidence as possible. Recent experience
with this technique has been stimulating.
In 1970 a controlled clinical trial was started by the European
Organisation for Research on Treatment of Cancer. The aim was to evaluate
the effect on the development of lung metastases of an adjuvant irradiation
of the lungs after radical treatment of primary osteosarcoma of the limb.
As has been mentioned in the introduction, our study was initiated to
add to the theoretical basis of possible adjuvant treatments and acquire
information on the behaviour of very early metastases in the Tung.

1
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3. CHOICE OF THE MODEL
"So I shall have to look for the special
Plaae first. I wonder where it is."
A.A. Milne, The house at Pooh Corner,
1928

3.1 Introduction
The basic intention of work with experimental animals is that findings in
one species will be relevant in another species. In human medicine animal
studies will always be done in the hope to be able to draw conclusions,
valid for man; in veterinary medicine research will be carried out in one
speciss and transmitted to another, or within one species with one individual to apply the knowledge gained to another individual. Experimental data
derived from laboratory animals can serve as a support for a clinical
approach.
Van Putten has asked the question "are cell-kinetics data relevant?"
in 1374 and one year later Griswold discussed the potential for murine
tumour models in surgical adjuvant chemotherapy.
He examined his own tumour-lines in several animal species and concluded
that to validate the animal tumour as a model it would at least have to be
comparable to the disease in humans as growth- and metastases-patterns are
concerned and in his specific interest, in chemotherapeutic response.
Tumour volume doubling times, based on measurements made in the later
stages of growth are not especially relevant in his view.
In our study we used Lewis lung carcinoma, mouse osteosarcoma and mouse
mammary adenocarcinoma (M 8013) as a model for growth in spontaneous
tumours in men and animals. We are not assuming that results from our
studies can be applied directly to the clinical situation, but trends may
be found that can be useful in understanding behaviour of spontaneous
tumours and adding therefore to a better therapy in the clinical situation.
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3.2 Lewis lung carcinoma
Lewis lung carcinoma arose spontaneously in 1951 as a carcinoma of the lung
in a C 57 Bl/6 mouse (Sugiura and Stock, 1955) and is maintained at several
institutes by serial passage of small tumour fragments or cell suspensions
into mice of the same strain. Morphologically it is a poorly differentiated
epidermoid carcinoma. Simpson-Herren and Lloyd (1970) studied this tumour
in BDF-1 (C 57 B1 x DBA/2) mice, after subcutaneous implants of + 25 mg of
tumourtissue. The implantation site was the subaxiliary space and
measurements of labeled mitotic waves were made from a single group of
animals with tumours implanted simultaneously. For her study only animals
bearing tumours which approximately fitted the undisturbed usual growth
curve were selected from a large group for each experiment. The dissected
tumour weights usually fell within a range of ± 50% of the value, obtained
from the growth curve for tumours of a given age.
The percentage of labeled mitoses curve was used to determine cellcycle parameters, and the following results were obtained on day 8 after
the implantation of the tumour:
TMM = ca. 1.0 TGl
TSc = 8.5 TG2
ri =7.5
r, = 1 . 8
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which means that total T- = 18.8 hrs.
In 1974 the same authors described an interesting experiment, where
growth rate and cell-cycles parameters of primary and metastatic tumours
were compared. In this study the Lewis lung carcinoma was implanted subcutaneously in the subaxillary region of BDF-1 mice. From this site the
tumour metastasizes amongst other to the lungs.
DeWys (1972) has pointed out that there is a relation between tumourdoubling time and sensitivity to cyclophosphamide and an attempt to understand more about the cell-kinetics of primary and metastatic disease was
launched.
Tumour growth of the primaries was followed by caliper measurements of
two perpendicular diameters. The data were f i t t e d by a Gompertz equation.
Tumour growth of lung-metastases was followed comparing the mean normal
lung-weight of 10 mice on day 0 of the experiment with the lung-weights
of 5 mice, selected at random three times weekly. The data of the diffeences were fitted to a curve by the Gompertz-equation.
The cell-cycle parameters were studied by injection H-thymidine and
carrying out autoradiogi'aphy of both primaries and lung metastases.
Labeling index and percent labeled mitoses curve were determined by counting 25 mitotic figures; increasing the sample size to 100 did not improve
results considerably. The PLM-curve for the lung metastases was made on
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day 21 after the implant; as the author dealt with spontaneous metastases,
the age of these tumours is unknown. The lung nodules are then microscopic
in size. When T r is determined for the primary and the metastasis at day 21
post implant of the primary (and unknown age of the metastasis), approximately 24 hrs. is calculated for the primary and approximately 16 hrs. for
the metastasis; the calculated distributions indicate that maximum T c for
the primary would exceed 50 hrs., while it would be approximately 25-26
hrs. for the lung nodules.
Further data on young tumours of Lewis lung carcinoma are found in an
article published a year later (Simpson-Herren, 1975). Here the cellkinetics of 5 day old subcutaneous tumours were determined and a T c of 18.3
was found; data from more advanced tumours point out that the cell-cycle
lengthens with increasing mass, at least in Lewis lung carcinoma. Steel et
al., (1975) described the immunogenicity of Lewis lung carcinoma by measuring the TD[-n for intramuscular implantation after attempted immunization.
60

Cell suspensions of tumours were irradiated with 100 Gy of Co-Yrays and
next injected close to axillary and inguinal lymphnodes, and intraperitoneally. The intra-muscular TDgg of mice, thus treated, for viable
Lewis lung carcinoma cells was then raised from 3 cells to 26 - 99 cells.
Another type of immunization was to allow a tumour to grow for 7 - 1 0 days
in the hind leg and then to eradicate this tumour with 30 - 40 Gy of
Co- virradiation; a single dose of cyclo-phosphamide was given to control
existing metastases. At 7 and 83 days the intramuscular TD 5 g was indistinquishable from controls.
Shipley, Stanley and Steel (1975), working with the same tumour, demon3
strated that 0.5 mm pulmonary tumours were markedly more sensitive to y irradiation (DQ = 0.06 Gy) than 500 mm ones (DQ = 3.15 Gy). Their
conclusion is that this is due mainly to the relatively large proportion
of hypoxic cells in the larger nodules.
When all cells are made severely hypoxic by asphyxiating the mice in
nitrogen, the D Q of all tumours is approximately 3 Gy. However, the oxygenated cells from small tumours were more radiosensitive (DQ = 0.89 Gy)
then those from the large s.c. tumours (D Q = 1.11 Gy). Fogel et al., (1977,
1979) demonstrated that there is a difference in immunogenicity of local
(primary) Lewis lung carcinoma cells, as compared to those from lung
metastases. The cells from the metastases are also more resistant, in an
in vitro test, to natural killercells (lymphocytes, also occurring in
healthy people and animals, that are considered to play a role in removing
abnormal mutants from tissues) than their counterparts from the local
•3

tumour. The differences can be explained by the assumption that cells with
high metastatic capacity and distinct antigenic properties exist within the
tumour cell population and that immuno-selection might be involved in the
production of lung metastases.
Mulder (1980) showed that Lewis lung carcinoma n C57Bl/ka mice is immunogenic and advocated the use of sensitive methods: otherwise the conclusion about immunogencity may be false.
In comparative studies, where identical tumours are compared in identical mice this factor is not a complicating one; therefore it does not
effect this study.
Samuel and Gray (1979) reported on a comparison of in vivo and in vitro
cell-cycle kinetic studies; conventional PLM curves, determined in vivo,
resulted in TQ, = 2.3, T s = 9.0 and T Q 2 + M = 1 - 1 hrs., so T c would be
12.4 hrs.
In cell-cultures the results were obtained with flowcytometer analysis
and the respective figures were T G 1 = 2.0 T $ = 7.0 and T G 2 + M = 1.8 hrs.,
which results in T c = 10.8 hrs.
On the grounds that: the tumour metastasizes to the lung and data about
the cell-cycle times of primary and metastatic nodules can be compared,
this tumour was selected for our study.
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3.3 Mouse osteosarcoma
This tumour originated in 1973 in the tibia of a mouse of the Balb/c
strain. The cells of this primary tumour were cultured and upon injection
into mice of the same strain gave rise to pleomorphic sarcomas (Deys and
Barendsen, 1976). Volume doubling times in vivo appeared to be 10 + 2 days,
and cell-number doubling times in vitro 15 hrs. (Barendsen et al. 1977) The
tumour has been maintained for several years at the Department for Experimental Radiotherapy of the Wil hel mina Gasthuis, Amsterdam. Haveman
(personal communication) has measured doubling times in vitro of approximately 12 hrs.
The fact that this is originally an osteosarcoma is probably no reason
for a special place in the problem of human or canine osteosarcoma. Until
further studies have been made, it must be assumed that the biological
behaviour is not readily compared to this spontaneous disease. The model
is thus only used to study the behaviour of very young tumours in lung
tissue in general.
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3.4 Mammary adenocarcinoma
This tumour, known as M 8013, occurred in a C^yBl mouse after the administration of estrone. It was maintained in F, hybrids of C g7 Bl and CBAmice for some time at the Netherlands Cancer Institute and used for the
study of spontaneous metastases by van Dongen (1961) and by Kluft (1965) to
study the influence of hyperbaric oxygen. It was removed from the stocks of
of the Netherlands Cancer Institute, but retrieved from the department of
experimental surgery of the Wil helmina Gasthuis in Amsterdam.
Van Peperzeel (1970) transplanted it into BCBA-mice and found its
morphological characteristics in accordance with the descriptions by van
Dongen and Kluft. It is a poorly differentiated adenocarcinoma with cells
of a cuboid structure, sometimes arranged in cords. Tube-formation can be
seen and mitotic activity is high. There was no evidence of imiliunogenity
at the time.
The cell-cycle kinetics of the subcutaneous tumour were determined at
the 7 day post-implant by the same author and the following data were
obtained:
T

G1 = 2'7* T S = 9#2 and T G2 + H = 2*6' hrs' thus r e s u l t i n 9 ™ T c = 14*5 nrsAfter irradiation with 2.1 Gy, the cell-cycle was shortened in all its
components, resulting in a T c = 11.1 hrs.
The tumour has been maintained ever since at the radiobiological
laboratory of the department of radiotherapy, Wil hel mina Gasthuis, Amsterdam and sublines have been developed. In this study M 8013^ was used, for
the same reasons as the other two models: data could be compared to primary
tumours in a system where metastases are known to develop in the lungs.
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4 . EXPERIMENTAL RESULTS
"It's

a very funny thing",

there

seem to be two animals now. This

whatever it

was - has been joined

- whatever it

is

now proceeding
A.A.

said Bear,

"but
-

by another

- and the two of them are

in company."

Milne,

Winnie-The-Pooh, 1926

4.1 Material and methods
A p i l o t experiment, to gain an insight in the technique that had been
decided upon, was done with tumourcells, but without radioactivity. Small
pieces of Lewis lung carcinoma were implanted subcutaneously on the l e f t
and right thoracic wall of 5 o o C57B1/Ka mice, 6 weeks old. After 12
days the tumours had grown considerably and the mice were euthanized in
C0?. The tumours were dissected from the donor-mice and minced with fine
scissors in a sterile Petri-dish. The minced tissues were transferred to a
receiver vessel and 150 ml of Hank's tissue-culture medium, 7.5 ml of a
1% trypsi ne-sol uti on and a small amount of DNA-ase were added. The total
mixture was then subjected to a treatment known as "spinning": an electrical motor drives via a flexible cable a shaft with a razor blade attached
to i t . This razorblade spins in the mixture a t ± 1000 rpm's. In this way
the tissue is minced s t i l l further and cells are freed from their attachments by mechanical and enzymatic action (Reinhoid, 1965).
After 10 minutes of this treatment, the mixture is poured through a
sieve (mesh 70 v) into 4 large centrifuge-vessels, each containing 0.5 ml
calf-serum; this neutralises the trypsine to prevent damage to the cells
by uncontrolled action of the enzyme. The pieces, lying on the sieve,
are rinsed into the receiver with another 150 ml Hank's medium, again
supplemented with 7.5 ml. 1% trypsine-solution and a small amount of
DNA-ase. The mixture is spun for another 10 minutes, and poured through the
sieve into the centrifuge-tubes. The suspensions are now centrifuged in a
cooled centrifuge (4°C) for 10 minutes at 1500 rpm's. The supernatant is
poured o f f and the cells are resuspended with Hank's solution, supplemented
with 5% calf-serum.
The cells in the suspension are now mixed 1 : 1 with a 1% eosin-solution
in physiological saline and counted in a Bürker-Türk counting chamber for
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blood cells. The eosin is added to be able to discriminate viable from
non-viable cells; only those cells that do not incorporate eosin are
considered to be viable and probably capable of unlimited proliferation.
The suspensions were then diluted on the basis of the outcome of counting to a concentration of 10 viable cells/ml and 0.5 ml of the suspension
was injected per mice intravenously in 10 CC,B1/Ka mice of 7 weeks old.
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Each mouse therefore received 5 x 10 viable cells. These cells travel via
the vena cava caudalis to the right heart and from there via the pulmonic
artery to the lungs. As they are larger than the capillaries, they will
wedge in these vessels and thus simulate the situation where tumourcells
are released from a malignant tumour into the bloodstream, travel to the
lungs and cause "natural" metastases. The massive dose of cells that is
given at one time in the experiment must be injected slowly, as the hemodynamics in the lungs and consequently the right heart will change
dramatically and the risk of acute decompensation of the right heart and
consequently acute death is a real one. This unfortunate accident happended
in one of the mice; the lungs of this animal were dissected out and fixed
in buffered formalin 43» to serve as a control at time 0 after injection.
Two other mice were anaesthetized with ether and killed by cervical
dislocation immediately after the injection to serve as controls. On each
following day one mouse was anaesthetized with ether and killed by cervical
dislocation; the lungs were dissected and fixed in buffered formalin 435.
At the end of this experiment 11 lungs could be studied and the tumourcellmorphology followed for 8 consecutive days.
The lungs were imbedded in Paraplast, and sectioned at 3 v . The sections
were stained with routine Mayers hematoxylin/eosin stain and examined with
a light microscope. The optical system consisted of a lOOx planapo oil
immersion objective lens and a lOx wide-angle ocular.
The sections made from the animals, euthanized at time 0 after the
injection contained cells in the septa, that could be assumed to be single
tumourcells. The nuclei were large and stained slightly more blue than the
cells in the surrounding; the nucleoli seemed a little more dense.
Without label, however, it was impossible to diagnose them definitely
as tumour cells on cytological criteria alone. This remains the case in the
next 24 hrs. On the second day after injection, the pleura begins to
thicken slightly in some places, and smal) groups of cells, looking like
tumourcells are detectable. The picture than changes gradually and resembles tumour more and on day 8 we clearly find much tumourtissue, mainly
concentrated around vessels, close to the pleural covering and in the apex
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of the lung. Sometimes mitoses are found; the impression however is that
there are relatively few mitoses compared to the total amount of tumourcells. This can be due to a very short mitosis-transit time, or to
relatively few cell-divisions in relation to the total population of cells.
Clearly i t can be seen that growth is invasive, growth into vessels is
observed f a i r l y frequently.
On the basis of this pi lotexperiment i t was decided that a reasonable
chance could be expected for the experimental set-up to produce results
and the next experiment was carried out with radioactive label.
Again 5 C,-7B1/Ka o o mice, 6 weeks o l d , were used and Lewis lung
carcinoma implanted s.c. on the left and right side of the thoracic wall.
After 10 days, the mice were carrying large tumours. They were injected
intraperitioneally with H-thymidine at a dose rate of 0.5 pC H-thymidine/
gram, which means an average total dose of 10 y C/mouse/injection.
The injections were repeated every three hours; the total number of in-
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jections was six.
This regime is carried out on the assumption, that the total cell-cycle
time is 21 hrs. or less, so that all cells w i l l have passed through the
S-phase between the f i r s t injection and the l a s t , and have consequently had
3
the opportunity to incorporate H-thymidine. Thus the maximum amount of
tumour-cells (the whole P-fraction) was labeled at the end of the procedure.
Eight hours later, the five donor-mice were euthanized with etheranaesthesia, followed by cervical dislocation. Four tumours were harvested and
fixed in buffered formalin 4% for the determination of the labeling index.
The six remaining tumours were dissected and a cell-suspension was prepared
in the way described above.
24 mice were then injected with 0.5 ml of the suspension, containing 10
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viable cells per m i l l i l i t e r . At time intervals of 3 hours, 5 mice were
euthanized, up t i l l 12 hrs. after the injection; the remaining 4 mice were
euthanized after 20 hours.
Every time mice were euthanized the lungs were dissected and fixed in
buffered formalin 4%.
After fixation during a period of 1 week minimal, the lungs were imbedded and sectioned at 3 urn. Sections were then stretched on d i s t i l l e d water
and floated onto gelatin-coated slides. Serum was not used in the
waterbath, as i t tends to increase the background grain-level in autoradiography. The slides were prepared by coating them with a solution of
0.5% gelatin and 0.05% chrome-alum. Paraffin was now removed from the
\
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sections and the slides are covered with AR-1O stripping film. This film
has a fine-grain emulsion for recording 3- and Y - emitters and is therefore suitable for our purpose, as tritium emits weak Y -radiation with a
mean particle energy of 0.018 MEV and an approximate range of 7 micron.
The mean grain diameter (undeveloped) of the film is 0.15 - 0.20 ym.
The slides were then stored in light-tight boxes, with silicagel to
absorb excess moisture, for exposure to take place. After three weeks exposure a good quality image was obtained. The whole batch was then developed
during 5 minutes in Kodak developer D 19 at 18°C, fixed in a solution of
of 10% sodium-thiosulfate and 1% potassium-disulfite for 5 minutes, rinsed
in tapwater for 10 minutes and dried. The sections were then stained with
Mayer's haematoxylin for 5 minutes, rinsed in tapwater for 5-10 minutes,
dried and covered with coverslips and Eukitt.
When we examine these sections with the aid of a microscope, tumourcells
that have incorporated H-thymidine can be recognized by l i t t l e black
grains in the photographic emulsion above the sections. These grains serve
as markers for the tumourcells and can be counted as well. A nucleus with
more than 3 grains lying above i t was regarded as labeled, as the background was very low.
Background was estimated by counting grains in an area without underlying tissue with a comparable surface to that of the nucleus of the average tumourcell. Although background was not evenly distributed, i t was
found to be less then 1 grain per nucleus-surface area.
The individual counts of a l l nuclei were l i s t e d ; 20 cells per time-unit
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were counted.
The next series of experiments was done with mouse osteosarcoma. The
cells of this tumour were available in tissue-culture, which facilitated
their labeling to a great extent. The cells are maintained in sterile
Petridishes in Eagle's minimal essential medium (MEM), supplemented with
10% fetal calf-serum, at 37°C and in 2% C02 in air. Twenty-four hours after
the dishes have been seeded with cells, 15 ml 3H-thymidine (0,5 pC/ml) is
added to the medium and the cells are incubated for another six hours. The
culture is then trypsinized with a solution containing 500 mg/1 trypsine
during 15 min. at 37°C; 5.5 ml minimal essential medium, supplemented with
10% fetal calf-serum is then added to bring the cells in suspension. All
cell suspensions are then mixed and a cell-count is done to determine the
concentration. Here we used lyssamine-green to determine viable c e l l s ; the
ease of discriminating stained and none-stained cells with eosin versus
lyssamine-green is a matter of personal taste.
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The cell-suspension was then centrifuged for 10 min. at 1000 rpm's and
5
the pellet of cells resuspended to give a final concentration of 3.75 x 10
cells/ml. This concentration is not critical, but was determined by the
cell-yield.
1.875 x 10 cells in 0.5 ml were injctted intravenously in
Balb/C d o mice of 8 weeks and mice were killed at times 0, 4, 8, 15 and
24 hrs. after injection.
The lungs were dissected out and sections prepared, following the
technique described above. AR-10 autoradiographic stripping film was
applied, and exposure was 2 weeks at 4°C. After developping and fixing,
the slides were stained with Mayers hematoxylin only.
The reason for this is, that the gelatin of the stripping stains deepred with the eosin normally used in HE-stains; this deep-red stain makes
evaluation of the morphology and grain-counting very difficult. As we were
interested in the nuclei of the cells only, hematoxylin staining only was
quite sufficient. The sections were covered with cover-slips. Nuclei with
more than 3 grains were regarded as labeled, as background was very low
( <1 grain per nucleus-surface area). The individual counts of all cells
were listed; 40 cells per time-unit were counted.
The final experiments were carried out with a mammary adenocarcinoma,
known as M 8013.
5 C 5? B1/1O mice cfcf, 8 weeks old were injected with M 8013 x ; little
pieces of tumour of approximately 1 mm diameter were implanted subcutaneously. When the tumours had grown to an acceptable size 10 days
later, labeling was started with intraperitoneal injections of
H-thymidine at a dose of 10 yC/mouse every three hours. A series of 6
injections was given in total. Eight hours later the tumours were dissected
after the mice had been anaesthetized with ether, followed by cervical
dislocation. A cell suspension was prepared in a purely mechanical way
without the addition of trypsine; we adhered to the method of the
laboratory where this tumour is maintained. The method consists of the
following steps: when the tumour has been dissected out, it is placed in a
sterile Petridish. The hemorrhagic and/or necrotic pieces are removed and
the remaining tissue is minced with sterile, fine curved scissors.
Approximately 10 ml of MEM is added with a pi pet, and the mixture is drawn
up repeatedly to loosen as many cells as possible. After a short period to
let pieces of tissue settle, the supernatant is pipetted off at the edge of
the Petridish, and brought into a 30 ml centrifuge-tube.

The procedure is repeated with the remaining tissue. The total volume
is allowed to rest for approximately 10 minutes to allow larger pieces to
settle and again the supernatant is transferred to a 30 ml centrifuge-tube.
1 ml of the suspension is then mixed with 1 ml lyssamine-green solution,
the Biirker-Tiirk counting chamber is filled and the viable cells are
counted. The suspension is centrifuged for 10 minutes at 1000 rpm's and the
pellet resuspended to the wanted concentration. Consecutively,
10 CgyBl/10 0 0 mice of 8 weeks were injected with 5 x 10 cells and
euthanized at times 0, 3, 6, 9 and 12 hrs. after intravenous injection.
The lungs were dissected and fixed in buffered formalin ^%. Serial sections
were cut at 3 y and mounted on specially prepared slides. These were then
covered with AK-10 stripping film, exposed for 3 weeks at 4°C and developed
in Kodak developer D-19
for 5 minutes at 18°C. Fixing and drying was
carried out as described before.
After drying the slides were stained with Mayers hematoxylin. Cells
with >3 grains were regarded as labeled and the individual grains counted
and listed.
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4.2 Grain-count halving time
After the slides were developed and stained, individual tumour-cells
could be identified and their grains counted. An example is shown on the
cover.
This picture shows that the tumour-cell can clearly be defined as such,
that it is a single cell, that the individual ^grains can be counted, that
the background is indeed very low, and that this background can be estimated to be below 1 per nucleus-surface area. A hundred fields were evaluated
for background; cells were counted in the areas where the background per
nucleus-surface area was one or zero.
It is not representative of the visual image obtained however because
the nucleus (being in the plane of the section) and the grains (in the
plane of the photographic emulsion, above the section) cannot be properly
focussed at the same time, and the quality of a picture is consequently
inferior to the image, retained in the brain of the observer while focussing up and down.
In the first experiment, it was found to be very difficult to count
sufficient cells that were labeled. Especially in the sections, later than
+3 hrs. after, injection, many cells were regarded as non-viable. Two
explanations can be offered: either the cells were damaged while preparing
the cell-suspension, or they were attacked by the defensemechanisms of the
mouse. Both possibilities are in order, as we know from the counting procedure that many non-viable cells are injected, but we also know that Lewis
lung carcinoma is immunogenic.
Nuclei that could clearly be defined as labeled were counted and the
mean (x), standard deviation (s) and standard error of the mean (sem) were
listed (see table 1).
The results for Lewis lung carcinoma are shown in tabel 1.:
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t

n

X

3
3
6
12
20

20
20
20
20
20

11.9
13.8
12.5
8.4
6.4

s
2.29
5.50
6.19
3.14
2.18

sem
0.51
1.13
1.38
0.70
0.49

Tabel 1. Grain-counts of Lewis lung carcinoma cells in lungtissue, t = time
in hours after injection, n = number of labeled cells counted, x = mean
grain-count, s = standard deviation, sem = standard error of the mean.
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Graphically these points can be shown in a diagram and i f the data are
analyzed with the help of a curve-fitting program for the Hewlett Packard
97 calculator an exponential curve of the form y = ae (a> 0) follows with
2
the following regression coefficients: a = 15.2 and b = - 0.042, while r
(coefficient of determination) = 0.92.
Now, i f x = 0 this is the point where the curve originates from the
y-coordinate and in this system that obviously coincides with y = 15.2.
I f we now divide this theoretical grain-count at time 0 by 2, we can
estimate the grain-count halving time. Calculations show us that this would
be 16.5 hours.
The results are reproduced in graph 1:

X GRAIN COUNTS
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C57BL
A»15.2
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R2«0'.92
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Graph 1 Mean grain-count of Lewis lung carcinoma cells in lungtissue.
x = mean grain-count, t = time in hours after injection; the curve
is f i t t e d with the formula x = ae (a >0). Vertical bars indicate
2 x setn.
The same procedure was followed for mouse osteosarcoma. Information,
obtained from the Lewis lung carcinoma experiments had shown that the
standard deviation of the measurements was large (this is mainly due to the
big difference in grain-counts par cell) and that consequently the 95% confidence limits of grain-count halving time would be wide.
Maximal effort was therefore made to count 40 cells per time-unit, and
the following results were obtained (see table 2).

t

n

0
4
8
15

40
40
40
40

s

35.98
32.28
20.65
9.46

sem

9. 18 1.45
9. 13 1.44
7. 04 1.11
4. 37 ,0.69

of mouse osteosarcoma cells in lungtissue
t = time in hours after injection, n = number of labeled c e l l s counted,
x = mean grain-count, s = standard deviation, sem = standard error of the
mean.
Table 2 . Mean

IIr?.

X

grain-count

If these data are analyzed with the same HP-97 curve fitting program and
an exponential curve i s tested, the results are:
r 2 « 0.96 a = 40.9 and y = -0.093.
Again, the theoretical grain-count at time 0 i s 40.9; when this i s divided
by 2, a grain-count halving time of 7.45 hrs. results.
The results are reproduced in graph 2.
'
X
40

GRAIN COUNTS
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A-40.9
B=-0.093
R2-0.96

30
20
10
1

1

10
Graph 2 Mean

grain-count

15
of

mouse

20 HRS T
osteosarcoma

cells

in

lungtissue.

x = mean grain-count, t = time in hours after i n j e c t i o n ; the curve
i s f i t t e d with the formula x = ae

( a > 0 ) . Vertical bars indicate

2 x sem.
The same procedure i s repeated for mammary adenocarcinoma M 8013 and the
data are represented in table 3:

t

n

0
3
6
9
12

40
40
40
40
20

X

s

20. 20
14. 18
11. 37
8. 55
6. 30

8.32
4.24
4.02
3.34
3.44

sem
1.32
0.67
0.64
0.53
0.77

Table 3: Mean grain-count of mouse mammary adenocarcinoma cells in lungtissue; t = time in hours after injection, n = number of labeled cells
counted, x = mean grain-count, s = standard deviation, sem = standard error
of the mean.
Here a particular difficulty was encountered. In the sections made from
lungs 12 hrs. after the injection only 20 c e l l s could be counted reliably.
Frequently cell-debris was encountered and radioactive label was seen outside pycnotic nuclei. Only those nuclei that showed the normal picture for
this tumourtype were counted.
Again these data were tested in a HP 97-curve fitting program for a
exponential curve and the following resulted:
r 2 = 0.99
a = 19.7 and b = - 0.095

Assuming x = 0 leads to y = 19.7 then % y = 9.85 and grain-count halving
time = 7 . 3 hrs.
The results are reproduced in graph 3 :
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Graph 3 Mean grain-count of mouse adenocarcinoma (M 8013) in lungtissue.
x = mean grain-count, t = time in hours after injection; the curve is fitted with the formula : x = ae (a>0). Vertical bars indicate 2 x sem.
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4.3 Statistical analysis
To facilitate statistical analysis, especially the determination of 95%
confidence limits, the individual cell counts were converted to their
logarithms, and mean (log x ) , standard deviations (s) and standard error of
the meam (sem) were calculated. For the first experiment this resulted in
the following data.
t
3
3
6
9
12
20

n
20
20
20
20
20
20

log x
1.0672
1.1153
1.0571
1.0080
0.8992
0.7676

s
0.0886
0.1462
0.1840
0.2197
0.1474
0.1272

sem
0.0198
0.0327
0.0411
0.0491
0.0330
0.0285

Table 4: grain-count of Lewis lung carcinoma in lungtissue.
t = time in hours after injection, n = number of labeled cells counted,
Tog x = mean of logarithms of individual grain-counts, s = standard
deviation, sem = standard error of the mean.
This exponential phenomenon can now be expressed graphically as a
straight line and Tj, calculated from it (see graph 4).
The straight line W s the characteristics a = 1.1592 and b = 0.0196;
calculated T, = 15.3 hrs. There is no evidence of non-linearity (P= 0,68).
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Graph 4: x = mean of logarithms of individual grain-counts; t = time in
hours after injection; the curve is fitted with the formula
log x = a + bT. Vertical bars indicate 2 x sem.

The same procedure i s followed for the mouse osteosarcoma experiments.

t
0

4
8
15

n log x
40
40
40
40

1.541
1.491
1.289
0.922

s

sem

0,1169
0.1270
0.1537
0.1131

0.0184
0.0201
0.0243
0.0305

Table 5: grain-count of mouse osteosarcoma in lungtissue. t = time in
hours after injection, n = number of labeled cells counted, log x = mean
of logarithms of individual grain-counts, s = standard deviation,
sem = standard of the mean.
A straight line is f i t t e d through the measuring points for log x, but
evidence of non-linearity is obtained (P = 0.0016). The f i t can be improved
considerably by drawing a straight line through the last three measuring
points; the characteristics for this line are a = 1.601 and b = -0.043.
Here no evidence of non-linearity is obtained (P = 0.25). From the
assumption of a plateau followed by such a curve results a T, of 5.8 hrs.

\)\
CN COUNTS
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A«1.601
B«-0.043
P-0.2S

15

2 0 HRS T

Graph 5: x = mean of logarithms of individual cell counts; t = time in
hours after injection; the curve is fitted to the data of the last
three points with the formula log x = a + bT. Vertical bars
indicate 2 x sem.
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For M 8013, conversion of the original data results in table 6.

t
0
3
6
9
12

log x
40 1.271
40 1.135
40 1.043
40 0.900
20 0.744

n

s
0,1719
0.1303
0.1528
0.1692
0.2213

sem
0.0272
0.0206
0.0242
0.0267
0.0459

Table 6: grain-count of mouse mammary adenocarcinoma in lingtissue.
t = time in hours after injection, n = number of labeled cells counted,
Tog x = mean of logarithms of individual grain-counts, s = standard
deviation, sem = standard of the mean.
I t w i l l be noted however, that n in the twelve-hour period is only 20. This
is due to the fact that i t was extremely d i f f i c u l t to find enough viable
cells for counting. The resulting difference in precision of log x has been
accounted for in the statistical analysis. A line then results with the
characteristics a = 1.274 and b = -0.042. For Tj, we now find 7.1 hrs. No
evidence of non-linearity was found (P = 0.29).
GRAIN COUNTS

5

10

MAC
C57BL
A-1.274
B—0.342
P-0.29

15

20 HRS T

Graph 6: x = mean of logarithms of individual grain-counts; t = time in
hours after injection; the curve i s f i t t e d with the formula:
log x = a + bT. Vertical bars indicate 2 x sem.
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To compare the results of the two approaches, they are summarized in
table 7.
\

LLC
MOS
M 8013

original
16.5
7.5
7.3

logarithmic
15.3
5.8
7.1

Table 7: Comparison of \ from two ways of calculation.
The outcome of this comparison leads to the conclusion that the difference
in the two methods is not very large but it also raises a question. If
there is a difference, however small, how reliable are the results?
Statistically, it is difficult to determine exact 95% confidence-limits
from the original data and their concomitant exponential curves; the procedure can be carried out however, in the logaritmic data and straight lines.
log T %

LLC
MOS
M 8013

lower limit
12.3
5.0
6.2

mean
15.3
5.8
7.1

upper limit
20. 4
7. 0
8. 4

Table 8 : mean T^ and 95%-confidence limits.
:
r
:
\
;'

These confidence limits are very important as can be read at a glance
from the table; their meaning, expressed in words is that in 95 out of 100
experiments the calculated interval will cover the "true" T^,.
In this way the point is stressed that giving one particular value for T^
suggests a false sense of accuracy.

:

In summary, these experiments show that the mean grain-count halving
time for single, labeled cells of the tumours tested, in lung tissue of
mice are:

I
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Lewis lung carcinoma
Mouse osteosarcoma
M 8013

15.3 (12.3 - 20.4) hrs.
5.8 ( 5.0 - 7.0) hrs.
7.1 ( 6.2 - 8.4) hrs.

For discussion see chapter 1.3 and chapter 5.1.
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5 . DISCUSSION
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5.1 Comparison of findings with data in the literature
Lewis lung carcinoma has been used extensively as a model in cancer
research ( a computer-search under the heading Lewis lung carcinoma gives
1154 references), but the main amount of the work has been directed at
different treatment-modalities and their relative comparisons. Much basic
work on cell-kinetics was performed (Simpson-Herren and Lloyd, 1970) and
the cell-cycle parameters of this tumour were described. The auteurs
concluded that subcutaneous tumours on day 8 post-implantation had a mean
length of the cell-cycle of 18.8 hrs.
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In a later publication (Simpson-Herren, Sanford and Holmquist, 1974)
cell-cycle times for 5 day old primaries of 25.9 hrs., for micro-metastases
of unknown age of 15.2 hrs. and for metastases of unknown age but up to
2 mm diameter of 16.1 hrs. were reported.
Our results show that in the very early phase of growth of this tumour
in lung tissue the grain-count halving time must l i e between 12.3 en 20.4
h r s . , with a mean of 15.3 hrs. This grain-count halving time can be
considered to reflect the cell-cycle time, although some remarks must be
considered. If we are to assume that grain-count halving time equals c e l l cycle time, we must suppose that all cells are cycling. This i s a reasonable assumption in our model, as we have only considered very early processes at the stage where one must assume that hypoxia i s not a reason for
cells to move into the G« phase. If we assume that this hypothesis i s
wrong, and some cells are not dividing, then the grain-count will remain
higher, and this will seem to prolong the grain-count halving time and the
cell-cycle time. A theoretical example will show this.
If we consider 40 c e l l s , each with a grain-count of 40 grains and we
assume that all cells are cycling with a cell-cycle time of 6 hrs, then
after 6 hrs the average grain-count will be 20. If we now assume that 10
out of 40 cells are not cycling, these 10 cells will s t i l l contain 40
grains after 6 hrs, while 60 cells contain 20 grains. The average graincount a t 6 hrs will then be 23. Never will the cell-cycle time seem to
become shorter by non-cycling c e l l s . Consequently our data are valid for a .
- 52 -

situation where all cells are cycling, or, should some cells not be cycling
the cell-cycle time of dividing cells must be shorter s t i l l to make up for
the GQ c e l l s . Another factor affecting our calculations is the background
problem. Autoradiographic f i l m , i f unexposed in the propor sense and
developed, shows a certain number of silvergrains per surface-unit. This
is partly due to inherent background in the stock-emulsion, partly to
environmental radioactivity such as cosmic radiation. In our set-up background was extremely low as can be seen from the picture on the cover, but
to be on the safe side only cells with a grain-count of 3 and higher were
counted. This means that a theoretical cell with 5 grains w i l l not be
counted any more after division and some dividing cells are thus lost in
the calculations.
Our results of a mean grain-count halving time of 15.3 hrs. are therefore truly indicating a short cell-cycling time or possibly even a shorter
one. This is compatible with the findings of Simpson-Herren for the early
metastases in her model, but a definitive conclusion is d i f f i c u l t due to
the fact that no confidence-limits can be deducted from her work, and ours
show a wide range (12.3 - 20.4 hrs.).
Comparison of the findings with mouse osteosarcoma produces the following results. Barendsen, Janse, Oeijs and Hollander (1977) described their
measurements and give a volume doubling time of 10 + 2 days at a volume
of 3.000 mm3; in tissue culture the doubling time was 15 hrs. This doubling
time does not necessarily reflect the cell-cycle time, because cell-loss
was not measured. I f an appreciable amount of cell-loss did occur, the
total amount of cells would have been reached by approximately 15 hrs. by
less then 100% of the dividing cells and the cell-cycle time would have
been shorter. This is compatible with the finding of a cell-cycle time in
cultured cells of 12.0 hrs. (Haveman, personal communication) and our own
results. Our results indicate a shorter T- of 5.8 hrs..
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The M 8013 experiments in our model result in a grain-count halving
time of 7.1 hrs. Cell-kinetics data on mouse adenocarcinoma M 8013 were
published by Van Peperzeel (thesis University of Amsterdam, 1970) under 2
conditions, both at the 7th day after subcutaneous implantation. The
tumours that had developed without disturbance showed a cell-cycle time of
14.5 hrs, while tumours irradiated with 2.1 Gy had a cell-cycle time of

11.1 hrs.
The fact that our estimated doubling time at the earliest stages
(Tc = 6.2 < 7.1 < 8.4) is well below the figures found by other authors is
in accordance with the working hypothesis.
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5.2 Conclusions
With all three experimental tumours, the findings from grain-counts after
single-cell suspension injections indicate a very short doubling time; for
one tumour (Lewis lung carcinoma) the finding is inconclusive in comparison
to the data in literature; for the other two tumours, a very strong indication exists that the differences are real.
A drawback however, is that behaviour in the lungs is the only way of
studying single cells of solid tumours in vivo; and thus the data are compared to either subcutaneous tumours at a later age, or ascites-studies, or
tissue-culture findings. This has to be accepted as a complicating factor
and carried over into practical implications derived from this artificial
model.
The doubling time of these very young tumours is dependent, as always,
on two phenomena. The first is the question if all cells are cycling, or
some are in G Q ? After all, we are following a certain population of cells
and if some of them are not cycling, this would influence the cell-doubling
time as measured in our experiments. If on the contrary 100% of the cells
are cycling and this should not be the case in older tumours (even if older
in this case means from a few days onwards), our doubling time must consequently be shorter.
Another factor could be that the cell-cycle itself is very short. This
would not be impossible, as mention has been made of cells that have virtually no G 1 in their earliest stages and thus a very short cell-cycle
(Baserga, 1963).
The fact remains, that strong evidence is gained from this study that
the doubling time of very early metastases is shorter than that of tumours
of an older age. The study of this very early stage was outlined as the
purpose of the investigation. It is very tempting of course to try to
obtain information about these metastases over a longer period of time.
If they could be followed for days or even weeks, a more complete picture
of the cell-cycle in the growing metastases could emerge. Unfortunately is
not possible with the grain-count technique to achieve this goal. To count
the grains in the nuclei over an extended period one would have to label
the cells more heavily so that after repeated divisions a grain-count
discernible from the background would persist. This leads to very heavy
labeling in the early phases resulting in two problems:
Firstly the seperate grains cannot be detected any more and counting them
becomes impossible and secondly the danger of cell-damage or cell-kill by
the tritiated thymidine threatens (Schultze and Maurer, 1981).
- 54 -

The percentage labeled mitoses curve after a flash label could provide
the required information; in view of the fact that very few mitoses are
found in the sections studied for this publication this would create almost
unsurmountabie problems, even if a laboratory devoted all its available
staff and time to study this question.
The problem could be approached by studying larger animals (dogs for
instance) at a moment where early metastases could be detected
radiographically. If these animals were given a flash label, anaesthetized
and consecutively a thoracotomy was performed, metastases could be
dissected over an extended period with one-hour intervals and one could
hope to be able to construct a percentage labeled mitoses curve (Owen and
Steel, 1969).
If anaesthesia over such a prolonged period would create difficulties or
introduce uncontrollable variables, extra-corporeal perfusion of such
animals or of surgically resected tumours could be considered (Rabes and
Rattenhuber, 1981).

ft.
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5.3 Consequences for treatment
Whatever the explanation for the findings in this study, the fact remains
that microscopical ^etastases have a remarkably short doubling time and
consequently are eminently suitable for adjuvant therapy.
If the explanation of the short doubling time is that all or most of the
cells are cycling (P-cells) and none or few are out of cycle (Q-cells),
then the greater sensitivity to therapy can be expected by the fact that
P-cells pass through sensitive "windows" in the cycle, while Q-cells do
not. The most sensitive windows are assumed to be in late Gg and in mitosis
(Westra et al., 1971).
If however, the cell-cycle itself is short then more cells will pass
through these "windows" in a given time; every time cells are in this
vulnerable period, they can be damaged and maybe even killed by radiation
or chemotherapy.
On the basis of considerations described above, one can justify adjuvant
irradiation or chemotherapy in cases where experience has shown that
metastases develop in high percentages in specific organs or areas.
One could think of, for instance, mammary carcinoma in humans with
positive axillary lymphnodes, where in more than 60% of all the cases
hematogeneous metastases are already present without clinical evidence.
A comparable situation could come into view in the case of canine mammary
carcinoma with positive inguinal lymphnodes, where positive deep inguinal
lymphnodes are sometimes found at post-mortem.
Adjuvant chemotherapy might be a chance to improve prognosis when micrometastases can be destroyed with a relative short course of chemotherapeutic treatment, due to a more rapid growth rate and greater sensitivity.
A very obvious disease is osteosarcoma with its high failure rate of
surgery alone, where metastases cannot yet be diagnosed. Although 15 Gy
combined with oxygen-breathing and actinomycin - D intravenously did not
give better results in one trial when compared with a control-group
receiving standard treatment (Rab et al., 1976), the outcome of a trial
designated as EORTC-02 showed a completely different picture. In a controlled clinical trial, patients are randomized, one half functioning as
a control group with no adjuvant therapy after treatment of the primary.
The other group is given radiotherapy (20 Gy in 2 weeks time on both lungs)
and the results are encouraging. Basic treatment of the primary consisted
of either direct ablative surgery, or radiotherapy and delayed surgery
(Cade's principle), or radiotherapy with no surgery planned. If after the
treatment metastases became manifest, the participating clinicians were
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free in their choice of further treatment. In the five-year follow-up the
trial group, treated with 20 Gy whole lung irradiation had 43% metastasesfree surviving patients, as compared to 28% in the group that did not receive this adjuvant therapy (Breur et al., 1978). A continued study of the
patients in the trial has to show if there is only delay of the appearance
of the metastases, or that in the cases without metastases after five years
one can assume that all tumour-cells have been killed and consequently a
cure has been archieved.
How does this relate to cell-kinetics and possibly the findings in the
experimental model used? If we accept that metastases to be detectable on
chest X-rays must have a diameter of approximately 10 mm and will therefore
contain 10 or more tumour-cells, we can predict the X-ray dose needed to
reduce the total number of cells to 10" , meaning a chance of a cure. If
the DJQ (the dose that reduces the number of viable cells in the tumour to
10%) for osteosarcoma is 4 Gy, then a chance of a cure would require 36 Gy
(9 x 4 Gy = 36 Gy), which is not acceptable in view of radiation damage to
the lungs. If however, the metastases are less than 1 mm in diameter and
5
thus radiographically undetectable, they would contain less than 10 cells
and consequently need only 24 Gy (6 x 4 Gy = 24 Gy) for a chance of a cure,
all other circumstances unchanged. Should the radiosensitivity be higher
(and data from these experiments support such a hypothesis) a further
reduction in the dose required for a cure can be reached.
A situation now comes into view, where 20 Gy should be sufficient. The
same situation could exist in micro-metastases in lymph-nodes and prophylactic treatment (either chemotherapy or radiotherapy) can be tested in
patients with cancers that have a great potency to metastatic spread like
Ewing's sarcoma and some head and neck tumours in human patients.
The veterinary profession should be involved in this problem in two
ways. First of all it should fulfill its primary obligation to alleviate
the suffering of animal patients and their owners, by applying the current
knowledge of therapeutic possibilities and testing them in controlled
clinical trials. But secondly it should contribute to the biomedical
sciences by participating actively in further research into the diseases
known as cancers. The traditional models used are found mostly in mice
and rats and they have furthered our knowledge immensely. This study is an
example how a basic problem can be tested with the help of these species
as experimental animals. It would obviously have been impossible to study
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the problem with the same experimental protocol in dogs. It is however,
well known that the behaviour of tumours in mice differs enormously from
the behaviour of human tumours. Application of knowledge gained in
laboratory experiments in the clinical situation can be permitted, when
several experimental approaches point in the direction of a trend that is
not conflicting with clinical findings. Therefore application of the
knowledge gained to the cancers of companion animals is now justified, both
from a therapeutical and a research point of view. In this way data can be
obtained from animal tumours that occur spontaneously in animals of a size
comparable to that of man, with a biological behaviour that is sometimes
practically identical. It is reasonable to assume that both animal and
human patients will benefit from the analysis of these data.
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6. SUMMARY
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1. The basic concept of cancer-treatment is an effort to remove all cells
from the body that are behaving abnormally and threatening the health
or well-being of the patient. This may be achieved in some cases when
we focus our attention on the primary tumour, but frequently the goal is
defeated by metastases. The first chapter describes this problem and
gives a short overview of the different therapeutic means at our
disposal. Attention is focussed on radiation-therapy and the effect of
radiation-damage is related to the behaviour of cells. The common
characteristics of cell-cycles are described and a short expose is given
how information on the different stages of the cell-cycle could influence
our discussions on therapy of certain cancers. The purpose of the
investigation is then described: to examine the cell-cycle times of very
early metastases with a number of tumour-models and to compare the data
with findings reported in the literature. In this way, support for
adjuvant-treatment schedules may be gained.
2. This chapter reviews the literature; it starts with an overview of the
techniques used to determine cell-cycle parameters. The method known
as percentage-labeled mitoses curve is described in more detail to
elucidate the different stages in the cell-cycle and to familiarize the
reader with the concepts of mitosis, G,, (DNA)-synthesis, G 2 , cell-cycle
time and GQ.
In 2 sub 2 a number of experimental systems are described that have
been used to gain basic information on tumour-cells and their growth
patterns. This part of the study starts with ascites-tumours where cells
are single and not influenced by stroma or differences in oxygenation
and/or nutrition; it describes work with Ehrlich tumour in the ascitesand solid-form and goes on to discuss studies with solid tumours in
mice, to end with a brief discussion of information to be gained from
tumours in animal and human patients.
Chapter 2 sub 3 then describes the clinical problem in these animal
and human patients, focusses attention on diseases, notorious for their
metastatic spread and osteosarcoma in particular. The reasoning is indicated that in these diseases major treatments could be advocated, if
enough theoretical support can be built up, even if the condition proper
to be treated is not diagnosed. A clinical trial in human osteosarcomapatients is indicated and this will return in chapter 5 in the part
"consequences for treatment".

I
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3. The choice of the model describes the three tumour-lines for this study
and reviews the relevant data for Lewis lung carcinoma, mouse osteosarcoma and mouse mammary adenocarcinoma in more detail. Lewis lung
carcinoma has been studied extensively and especially the work of
Simpson-Herren and others relates to the study described in this thesis;
the cell cycle parameters of primary tumours and metastases were determined. The metastases, of necessity the "younger" tumours showed shorter
cell-cycles than the primaries. Shipley and co-workers determined the
radiosensitivity of small and of larger tumours and found a marked
difference.
Considerably less is known about mouse osteosarcoma; this tumour was
studied by Deys and by Haveman, amongst others. Doubling times in vivo
and in vitro have been determined and are found to be in the range of
12-15 hrs.
Mouse mammary adenocarcinoma has been used for several studies. The work
of Van Peperzeel showed that T Q on the seventh day after subcutaneous
implantation was 14.5 hrs.; this figure was shortened to 11.1 hrs. after
irradiation with 2.1 Gy.
4. The pilot experiments without radioactive label and the following experiments with tritiated-thymidine are described in this chapter. An
account is given of the techniques used to label the cells, to prepare
the cell-suspensions and the way the lungs were worked up to get information on grain-counts of the labeled cells. Grain-count halving time
was determined from curves fitted to the data with an exponential
formula. A conversion from the counts to logarithmic data makes it
possible to determine 95% confidence limits; the results from these
calculations are presented in graphs and tables.
5. The discussion compares our findings with data reported in the literature. For Lewis lung carcinoma a grain-count halving time of 15.3 hrs.
(range 12.3 - 20.4 hrs.) compares well with the data of Simpson-Herren
for "young" metastases (15.2 and 16.1 hrs. respectively). Due to the
wide range in our results and the fact that no confidence limits are
reported in her work, a definitive conclusion cannot be drawn. The fact
is brought to attention, that peculiarities in the grain-count halving
technique will tend to indicate a longer T-, rather then a shorter one.
Our results for mouse-osteosarcoma (5.8 hrs.), are definitely shorter
than the data reported for solid, subcutaneous tumours or tissuecultures. Here the working hypothesis is confirmed. The same outcome can
be deducted from the experiments with mouse mammary adenocarcinoma
M 8013.
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A mean "L, of 7.1 hrs. is shorter than the cell-cycle time of undisturbed subcutaneous tumours on the 7th day after implantation (14.5
hrs.) and also shorter than tumours on the 7th day and after irradiation
(11.1 hrs.). Again, the data are in accordance with the working hypothesis.
In conclusion, it can be said that for two of the three tumoursystems used the working hypothesis is confirmed: in the very early
stages the grain-count halving time indicates shorter cell-cycles then
the data that can be derived from studies with "older" tumours indicate.
A consequence for treatment can be derived from this study when it is
combined with other findings, both experimental and clinical: adjuvant
therapy can be advocated for conditions, where metastases must be expected in a large percentage of patients, even when these metastases
cannot be detected at the time when the decision for this adjuvant
treatment must be made.
The veterinary profession has an obligation to fulfill in this
field, both form an experimental and a clinical point of view.
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7. Samenvatting
1. Het principe van de behandeling van kanker is een poging om alle cellen
die zich abnormaal gedragen en de gezondheid of het welzijn van de
patient bedreigen uit het lichaam te verwijderen. Dit kan, als we de
aandacht richten op de primaire tumor, in sommige gevallen bereikt worden maar vaak wordt het doel verijdeld door het optreden van mestastasen.
Het eerste hoofdstuk beschrijft dit probleem en geeft een kort overzicht
over de verschillende therapeutische mogelijkheden die ter beschikking
staan. De aandacht wordt speciaal gericht op stralen-therapie en het
effect van stralen-schade wordt gekoppeld aan het gedrag van cellen.
De gemeenschappelijke kenmerken van cel-cycli worden beschreven en een
kort overzicht wordt gegeven hoe informatie over de verschillende stadia
van de cel-cyclus onze discussie over de therapie van sommige vormen van
kanker kan beinvloeden. Het doel van het onderzoek wordt dan beschreven:
onderzoek naar de cel-cyclustijd van zeer vroege metastasen in een aantal tumormodellen en de vergelijking van de resultaten met gegevens uit
de literatuur. Op deze wijze kan theoretische steun worden verleend aan
adjuvant-therapie schema's.
2. Dit hoofdstuk geeft een overzicht van de literatuur; het begint met een
uiteenzetting over de technieken die gebruikt worden om gegevens over
de cel-cyclus te bepalen.
De methode, bekend als de "percentage labeled mitoses" curve, wordt
uitgebreider besproken om de verschillende stadia van de cel-cyclus te
verhelderen en de lezer vertrouwd te maken met de begrippen mitose, G,,
(DNA)-synthese, G„, cel-cyclustijd en G Q .
In 2 sub 2 worden een aantal experimentele systemen beschreven die
gebruikt zijn om basis-informatie over tumorcellen en hun groeipatronen
te verkrijgen. Dit onderdeel van de studie begint met ascites-tumoren,
bestaand uit losse cellen die niet gehinderd worden door stroma of verschillen in oxygenatie en/of voeding; het beschrijft werk met Ehrlich's
tumor in de ascites- en de solide vorm en bespreekt vervolgens onderzoek
met solide tumoren bij muizen, om te eindigen in een korte discussie
over informatie, te verkrijgen van tumoren van dierlijke en menselijke
patiënten.
Hoofdstuk 2 sub 3 beschrijft het klinische probleem bij deze dierlijke en menselijke patiënten, vestigt de aandacht op ziekten berucht
om hun metastasering en wel osteosarcoom in het bijzonder.
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De reden wordt aangegeven waarom bij deze ziektebeelden ingrijpende
behandeling kan worden aanbevolen, als voldoende theoretische ondersteuning kan worden aangedragen, zelfs als de aandoening zelf die behandeld moet worden niet kan worden gediagnosticeerd.
Een "clinical trial" bij menselijke osteosarcoom-patienten wordt kort
aangeduid en dit zal terugkeren in hoofdstuk 5 "gevolgen voor de behandeling".
3. De keuze van het model beschrijft de drie tumorlijnen gebruikt in deze
studie en geeft een gedetailleerder overzicht van de relevante gegevens
van Lewis longcarcinoom, muizen osteosarcoom en muizen mamma-adenocarcinoom.
Lewis longcarcinoom is uitgebreid bestudeerd en in het bijzonder het
werk van Simpson-Herren en medewerkers heeft betrekking op het onderzoek
beschreven in dit proefschrift; de gegevens van de cel-cyclus van primaire tumoren en van metastasen werden door haar bepaald.
De metastasen, noodzakelijkerwijs de "jongere" tumoren, vertoonden
kortere cel-cyclus tijden dan de primaire tumoren. Shipley en medewerkers bepaalden de stralengevoeligheid van kleine en van grotere tumoren
en vonden een opvallend verschil.
Aanmerkelijk minder is bekend over het muizen osteosarcoom; deze
tumor werd o.a. bestudeerd door Deys en door Haveman. Verdubbelingstijden in vivo en in vitro zijn bepaald; zij liggen in de grootte-orde van
12-15 uren.
Muizen mamma-adenocarcinoom is voor verschillende onderzoeken gebruikt.
Het werk van Van Peperzeel leverde een cel-cyclustijd op de zevende dag
na subcutane implantatie van 14,5 uur op; deze tijd werd verkort tot
11,1 uur na bestraling met 2,1 Gy.
4. De pilot-experimenten zonder radioactieve label en de volgende proeven
met getritieerd thymidine worden beschreven in dit hoofdstuk. Verslag
wordt gedaan van de technieken die gebruikt zijn om cellen te labellen,
om cel-suspensies te maken van de manier waarop de longen verwerkt zijn
om informatie te verkrijgen over de korrel-tellingen van de gelabelde
cellen. De halveringstijd van het getelde aantal korrels werd bepaald
uit curves, aangepast aan de gegevens met een exponentiele formule. Omzetten van de tellingen in logarithmes maakt het mogelijk 95%-betrouwbaarheids intervallen te bepalen. De resultaten van deze berekeningen
worden weergegeven in grafieken en tabellen.
5. De discussie vergelijkt onze bevindingen met gegevens, weergegeven in de
literatuur. Voor het Lewis longcarcinoom komt een halveringstijd van de
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getelde korrels van 15,3 uur (spreiding 12,3 - 20,4 uur) goed overeen
met de gegevens van Simpson-Herren voor "jonge" metastasen (15,2 respectievelijk 16,1 uur). Ten gevolge van de grote spreiding in onze resultaten en het feit dat geen betrou^baarheids-intervallen in haar
publicatie vermeld worden, kan geen uiteindelijke conclusie getrokken
worden. Het feit wordt hier onder de aandacht gebracht, dat bijzondere
eigenschappen van de bepaling van de halveringstijd de neiging hebben
eerder een langere T c op te leveren, dan een kortere.
Onze resultaten voor het muizen osteosarcoom (5,8 uren) zijn beslist
korter dan de gegevens, vermeld voor vaste subcutane tumoren of weefselkweken. De werk-hypothese wordt hier bevestigd. Dezelfde uitkomst kan
afgeleid worden uit de experimenten met muizen mamma-adenocareinoom
M 8013» Een gemiddelde T- van 7,1 uren is korter dan de cel-cyclus tijd
van ongestoorde subcutane tumoren op de 7e dag na implantatie (14,5
uren) en ook korter dan die van tumoren op de 7e dag en na bestraling
(11,1 uren). Opnieuw zijn de gegevens in overeenstemming met de werkhypothese.
Concluderend kan worden gezegd dat voor twee van de drie tumor-systemen die gebruikt zijn de werk-hypothese bevestigd is: voor de zeer
vroege stadia geeft de halveringstijd van korrel tellingen kortere celcycli aan dan de gegevens die kunnen worden verkregen uit studies met
"oudere" tumoren opleveren.
Een gevolg voor de behandeling kan uit deze studie worden verkregen,
als zij gecombineerd wordt met andere bevindingen, experimentele zowel
als klinische: adjuvant therapie 'kan worden aanbevolen voor die aandoeningen, waar metastasen moeten worden verwacht bij een groot percentage
van de patiënten, zelfs wanneer deze metastasen niet kunnen worden aangetoond op het tijdstip dat de beslissing over deze adjuvant therapie moet
worden genomen.
Het diergeneeskundig beroep heeft een verplichting te vervullen bij
dit probleem, zowel van experimenteel als van klinisch standpunt.
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But Pooh went back to his
feeling

own house and

very proud of what he had done,
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A.A.
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to revive

himself.

Winnie-The-Pooh, 1926
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