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influencc of the factors mcntioned varies and that interpretation of tumour responses is only
possible if all factors are adequatcly evaluated. For instance, a rat sarcomà, R-1, shows a
short growth delay of 15 days after 2000 rad of X-rays because hypoxic surviving cells
respond by an increused rate of cell proliferation, wheleas a mt squamous cell carcinoma,
RUC-2, experiences a delay of only l0 days after 2000 rad of X-ral,s because it consists of
cells which exhibit a high intrinsic resistance to radiation.

Tumour regression and radiatioo response

J. DENE(AIIP
Gray Laboratory of the Cancer Research Campaign,

Mount Vernon Hospital, Northwood, Middlesex, Englantl

'l'hc ratc of tumour rcgression after irradiation is a poor indicator of thc number of
tumour cells that havc been killerl- It may, hou'ever, be a useful pÍognostic indicator of thc
extent of re-oxygenation during frrctionated radiotherapy, which rvould affect the tumour
radiosensitivity.

Tumours of difierent histological tvpes regress at different rates aftcr irradiation.
Carcinomas often regtess quickly; satcomas often regress very slowly or not at all. This
relates to the proliferation characteristics in that carcinomàs have a high cell-Lrss factor
and a constant balance between cell production and cell loss. If cell production is halted
by irradiation, rapid shrinkage could result from the normal cell-loss processes. Re-oxygena-
tion is much more eí[ectivc in the three rapidly shrinking carcinomas that have been studied
than in the three slowly shrin-king sarcomàs.

Within one histological type oftumour, the C3H mammary carcinoma, regression during
fractionated treatments has been analysed in relation to the local control of each tumour at
150 days. A signilicant correlation was secn benveen shrinkage and cure rates for 3F/4
days,9F/10 days and 15F/18 days. A weaker correlation was seen for 9F/18 days and
within one *'eek after single doses. 'I'hus, even r»ithin one tumour typc, a high rute of
shrinkage may ieacl to an increase in the radiosensitivity of the tumour.

IÍnportance of Íecruitment of ,loD-pÍolifeÍating Q inÍo proliferating P cells for
the growth of an experimental rhabdomyosareoma before and aftet iradiation

with X-Íays

A. F. HERMENS and G. W. BÀRENDSEN

Radiobiological Institute TNO, Rijswijk, The Netherlands
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To improve radiation and chemotherapy regimens by enhancement of the selectíve

destruction of the clonogcnic tumour cells, it i3 important to obtain information on the
variation in thc iractions of clonogenic P and Q cells in tumours beforc and after thcrapy.
'fhc ccll kinetic factors invol,ed are: the net rates of production and k-rss of clonogenic and
non-clonogenic P and Q cells, their life-span and the rate of recÍuitment of Q into P cells.
'l'his latter factor and the significance of hypoxia »'ith respect to the P or Q status of the
cells have becn strdied for the R-1 rhabdomyosarcoma by employing the semicontinuous
labelling technique and autoradiography. Animals were injected with up to seven repeated
doses of sHTdR uithin 30 hours. Half of the labelled tumours recei,'cd an acute dose of
800 rad of 300kV X-rays 15 min before the animals were killed, in ordcr to inducc
reproductivc deàth in more than 99 per cent of the *,ell-ox.vgenated cells. A slicc of each
tumour -lvàs fixed and used for measuring the fràction of labelled tumour cells, Ll,rro,.;
from the remaining tissue of each tumour a single cell suspension was prepared for plating
in oitro. Frorn cultures incubated for periods of 12, 24, 48, and up to 120 h the fractions
of labelled cell foci, LIro, p€r culture weÍe measurcd,

Analysis of the variation in LIr,,-",,. as a function of time and of the number of injections
indicates that the rate of recruitmcnt of Q into P cells is less than 'l pcr cent per hout in
unirradiated tumourc.
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Comparison of data on LI lo measured íor irradiated and unirradiated tumou.s indiceted
thàt clonogenic Q cells were more abundant among the fraction of clonogcnic cells which
survived 800 rad of X-ra1-'s. These results may also be important in explaining the delay
of the rapid rcpopulation by clonogenic cells observed in R-1 tumours after acute irradiation
rvith 2000 rart of X-rays, naoely by assumi g that this repopulation rcsults from surviving
hvpoxic clonogenic Q cells.

Comparison of DNA histograms of cultured cells and correspoodiDg solid
tumouÍs and their Íelatio! to data froÍÍr autoradiographic analysis 
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J. B. A, KIpp and G, w. BARENDsEN ( kr o + Í1

Laboratory for Radiobiology, University of Àmsterdam,
Amsterdam, Thc Ncthcrlands

In the studies presentcd, a comparison is made betwccn Gr, S, Gr+M ftactions of a

R-l cell population in culture ss detived from DNA histograms and from pulse-labelled
mitosis curvcs. 'I'he same coorparison is madc for R-1 cells grown in solid sarcomas, x'hich
develop on injection of these cells into rats- ln addition to fractions of cells in the various
phases ol the cell-c-vcle, fractions of cycling (P) and non-cycling (Q) cclls are determined
by both methods and compared.

A good correlation cannot always be shotn betx'cen ccll pnrliferation parameters of the
solid rumour as dctcrmined by autoradiography and llou cytofluorimetry, Comparison
tvith in dtro mcasuremcnts does not satjsfactorily clarif-v these discrepancies. The use of
drugs, c.g. r'inblastine, ofiers perspectivcs for the analysis of cell proliferation kinetics.
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Tumour cell sutvival ln vivo and in yirro; implicatioas of recovery
from potentially lethal damage

N. J. McNAI-LY and P. W. Snsloox
Cra-v Laboratory of the Cancer Research Canrpaign,

N{ount Vernon Ilospital, Northu'ood, Middlesex, England

The response of a ttansplantablc mr:use tumouÍ to radiation haa been measured in tcrm§
of the probability of local tumour control and of tumour cell survir''al iz zilro after itadiation
ir r'ào. The two mcthods of assay lead to apparently contradictory conclu§ions as legards
the hypoxjc proportion of cells in the tumour and the TCD56, the do§e of Íadiation to cure
50 per cent of a population of mice of their tumours. 'I'he hypoxic fraction and TCD".
measured using tumour control probability as the cnd-poi[t were approximately 100 per cent
and 78 (iy, respectively, whereas the valucs deduced from the (à oirlo) cell survival cun'es
\À,ere 5 per cent and approximatcly 50 Gy. 'l'he naturally hypoxic cells of this tumour are

capable of recovery from potentially lethal damage (p.l.d.). This recovery reaches a

maximum by about four hours after irradiation, t}le effect being to increase the D6 of the
survilal curve for the hypoxic cells by a factor of 1 3 to l'4. lfhis recovery from p.l.d. can,
in part, explain the discrepancies in the estimates oí the hypoxic fraction and TCD50.

'['he implications of recovcry from p.l.d. on ia sJÍa assal's of tumour cell response to
racliation u,ere discusscd, v"ith particular teference to measurements of rc-oxygenation.

MeasuÍement of cell surviving fraction following chemotherapy of the
EMT6 mouse Íumour-the problem of ' poteÀtially lethal damage '

PETEE R. TWINTTMAN

M.R.C. Clinical Oncology Unit, Ilills Road, Cambridge, England

The rcsponse of the EMT6 mouse tumour to a range of cltotoxic drugs has been
determined using both serial measurements of tumour volume antl ra r:iÍro assay for
surr-iving fraction. For cyclophosphamide and BCNU, the cell survival measured 2 hours
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