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The  labeling index (incubation with thymidine-H 3) and the volume doubling t ime (repeated 
roentgenography)  were  com pa red  for  three  human lung tumors :  two squamous -ce l l  c a r -  
e inomas with different  levels  of di f ferent ia t ion,  and one h a m a r t o m a .  The  minimal  doubling 
Lime (178 days) was found fo r  the squamous -ce l l  c a r c inoma  with a lower  level of d i f fe ren-  
t iation and with the highest  labeling index (19.0%). The  h a m a r t o m a  (a benign lung tumor) 
had the longest  doubling t ime (1250 days) and the sma l l e s t  labeling index (3.8%). 
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Direct  de te rmina t ion  of the doubling t ime  of the volume of a t umor  is  poss ib le  only for  a few su p e r -  
ficial  neop lasms ,  but roenLgenograms can a lso  be  used  for  this pu rpose  [2, 3]. By invest igat ing the kinet ics  
of cell populations by autoradiography,  the durat ion of the mi to t ic  cycle of the p ro l i fe ra t ing  cell  f rac t ion  
can be de te rmined  and the volume doubling t ime of the t umor  calculated [5-8]. 

The s imples t  and mos t  convenient  method at the p r e s e n t  t ime  is  by autoradiogr~phic  invest igat ion 
of human t umor s  in v i t ro ,  by means  of which the f rac t ion  of DNA-synthesiz ing ce l l s ,  a p a r a m e t e r  of p r o -  
l i fe ra t ive  activity,  can be  de te rmined  (as the labeling index). In this connection it i s  v e r y  impor tan t  to 
inves t iga te  co r re l a t ion  between the labeling index and the volume doubling t ime of a tumor .  By establ ishing 
such cor re la t ion ,  it will be poss ib le  to e s t ima te  the volume doubling t ime  of the tumor  f r o m  the value of 
the labeling index. This  would be pa r t i cu l a r l y  impor tan t  in cases  when d i rec t  de te rmina t ion  of the doubling 
Lime is  imposs ib l e .  

In the invest igat ion desc r ibed  below the labeling index de te rmined  in v i t ro  was compared  with the 
actual volume ~doubling t ime of human lung t u m o r s .  

E X P E R I M E N T A L  M E T H O D  

Three  pat ients  admit ted for  observa t ion  or  opera t ion  to the Thorac ic  Depar tmen t ,  InstitUte of  Exper i -  
menta l  and Clinical  Oncology, Academy of Medical Sciences of the USSR, were  chosen for the invest igat ion.  
Two of the pa t i en t s  had a c a r c i n o m a  and the  other  a h a m a r t o m a  of the lung. 

Roentgenological  invest igat ion of the tumors  was repea ted  t h r e e  to f ive t imes  (in the course  of 10 
months for  c a r c i n o m a  and 6 y e a r s  for  hamar toma) ,  with different  in te rva ls  between the examinat ions .  

The mean d i a m e t e r  of  the t umor  was m e a s u r e d  on the roen tgenograms  as half the sum of two mutual ly 
pe rpend icu la r  d i a m e t e r s ,  one of which was max ima l .  The  volume of the tumor  was calculated on the a s -  
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Fig. 1. Kinetic growth curves  of lung tumors  
between no rma l  (a) and semilogar i thmic  co-  
ordinates {b): I) squamous ' ce l l  ca rc inoma  of 
the lung with kerat inizat ion (average level of 
differentiation) ; II) squamous-ce l l  ca rc inoma 
of the lung with kerat inizat ion (high level of 
differentiation); IH) hamar toma  of the lung. 

sumption that it was spherical .  Kinetic curves were 
plotted on normal  and semilogar i thmic  scales  f rom 
these data and used to calculate the volume doubling 
t ime of the tumor  by the method of least  squares  [2]. 

A piece fi 'om the per iphery  of the tumor was 
excized for autoradiographic investigation immediately 
af ter  its removal .  The t issue was cut into pieces mea-  
suring 2-3 mm and incubated in medium [1] containing 
thymidine-H ~ (1 #Ci /ml  medium) for 1 h at 37~ Sub- 
sequent t rea tment  of the mater ia l  was by the usual  
method. The index of labeled nuclei for  the whole pop-  
ulation of tumor  cells was determined in the autoradio-  
graphs.  

E X P E R I M E N T A L  R E S U L T S  

Kinetic growth curves  of the tumors  between nor -  
mal and semilogar i thmic coordinates are  shown in Fig. 1. 
The l inea r  cha rac t e r  of the semi logar i thmic  curves  

shows that growth of these tumors  can be descr ibed by an exponential function of the form:  

V = V o,2 t/*'  

where V 0 is the volume of the tumor at the f i rs t  observat ion and Ir the volume doubling time of the tumor.  
The volume doubling time of  these tumors  was 178 days (case 1}, 278 days (case 2), and 1250 days (case 3). 

Histological investigation of the t issue f rom both cases  of lung cancer  revealed a squamous-cel l  ca r -  
cinoma with kerat inizat ion (Fig. 2a, b), but in the second case the features  were more  c lear ly  defined. The 
s t roma  in this tumor waswe l l  developed. In the f i rs t  case the tumor had a lower level of differentiation. 
Besides  a reas  of squamous-ce l t  ca rc inoma with keratinization and of solid s t ruc ture ,  there was an a rea  
situated actually among the connective t issue in which the cells were l a rge r  and elongated (Fig. 2d)o 

The autoradiographie investigation revealed some corre la t ion  between the labeling index and the 
degree of differentiation of the tumor  t issue.  The fraction of DNA-synthesizing cells (19.0%) was highest 
in tumor  1, where a reas  of squamous-cel t  ca rc inoma with different levels of differentiation were found, 
parenehyma was predominant,  and the cells were  large and exhibited considerable polymorphism (Fig. 2d). 
The mean labeling index in tumor 2 was 11.3%. Cells in areas  of keratinization and solid s t ruc ture  were 
labeled (Fig. 2c). 

Hamar toma of the lung is a benign tumor  which ar ises  through dysembryogenes is .  The autoradio-  
graphic investigation showed that the labeled cells in the hamar toma were single. In the very  ra re  small  
nodules consisting of pale, large cel ls ,  the labeling index reached 10% (Fig. 2d). On the average the labeling 
index of the hamar toma  of the lung was 3.8%. The doubling time, according to calculations,  was 1250 days.  

Comparison of the resul ts  for the value of the labeling index determined in vi t ro ,  the level of t issue 
differentiation, and the volume doubling time of the tumor  indicates corre la t ion  between these pa r ame te r s .  
Tumor  1, with the highest rate of  growth, also had the highest labeling index and a lower level of differentia-  
tion. The hamar toma  of the lung grew slowly and this was reflected in the longest doubling t ime and a low 
labeling index. 

Hirai and co-workers  [4] investigated one case of squamouslce-i l  ca rc inoma of the lung by the same 
method. The volume doubling time of the tumor in this patient was 50 days and the labeling index 23%, in 
agreement  with the present  resul ts .  With respect  to the volume doubling time of the tumor,  the two cases  
of lung cancer  in the present  se r i e s  can be classed as tumors  with a low rate of growth, and their mean 
labeling index also was low. 

Malaise and co-workers  [5] descr ibe  the resul ts  of their  own investigations and data in the l i terature  
on correla t ion between the rate of growth, labeling index, and histological type of human solid tumors .  They 
found that the doubling time depends on the labeling index: the g r e a t e r  the doubling time, the lower the 
labeling index. 
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Fig. 2. Labeled cel ls  in human lung tumors:  a) squamous-ce l l  ca rc inoma with 
kerat inizat ion(260 x ); b) a r ea  of solid s t ruc tu re  (130 x ); c) a rea  with low level 
of different iat ion (200 x );d) hamar toma:  group of labeled ceils  and dust infil-  
t rat ion (200 x ). 

Consequently, a definite cor re la t ion  can be  assumed be tween  the labeling index de te rmined  in v i t ro  
and the volume doubling t ime of the tumor .  To  es tabl ish  s t r i c t e r  cor re la t ions  capable of quantitative desc r ip -  
tion, much more  factual evidence must  be gathered.  
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