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S3 Text 

Literature Survey: Proliferation features of non-small cell lung cancer 
(NSCLC) 

 
A comprehensive literature survey on non-small cell lung cancer (NSCLC), has been 

performed, in order to define biologically-reasonable and cancer-specific value ranges for critical 
cancer cell proliferation features. The results will guide the selection of model parameter values 
for the sensitivity analysis and the cell kill rate (CKR) estimation of the real clinical cases. 

 

1. Literature survey methodology 

A literature survey on the growth kinetics of primary NSCLC has been performed using the 
‘Google Scholar’ search engine and the National Library of Medicine Medline database 
(http://www.ncbi.nlm.nih.gov/pubmed/). The survey has been primarily focused on studies 
attempting to assess the tumor volume doubling time, Td, based on volumetric methods, the Ki-
67 index (a marker of tumor growth fraction), hypoxia, the apoptotic index and the extend of 
tumor necrosis. Articles correlating tumor kinetics with histological subtype and articles with a 
considerable number of examined clinical cases have been preferred. No restriction on publication 
date and study methodology has been imposed. Relevant references in the reviewed papers have 
also been taken into account.  

The literature has also been reviewed on the growth characteristics of established cell lines 
derived from patients with NSCLC. Histological types of interest have been the squamous cell 
carcinoma, the adenocarcinoma and the mixed squamous and adenocarcinoma type, regardless of 
tumor source (lung, pleural effusion, lymph-node metastasis, etc.) 

Moreover, a literature search on lung cancer stem cells has been conducted. The search was 
guided by review papers in the relevant field. Studies attempting to isolate and evaluate cancer 
stem cells from both cell lines and primary tumors have been taken into account. 

The survey performed is not meant to be an exhaustive review of the literature but only to 
serve as a biologically-relevant and cancer-specific basis for the analysis performed in the present 
paper. 
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2. NSCLC proliferation features 
2.1 Growth rate 

Table A summarizes some of the largest studies on the growth rate of primary NSCLC found 
in literature [1-18]. Estimates of tumor volume doubling time, Td, are typically based on 2 or more 
tumor examinations obtained prior to treatment/surgical resection. An exponential model of 
tumor growth between the examinations has been consistently assumed. Several methodologies 
have been applied, differing in the imaging technique and the adopted formalism for the calculation 
of tumor volume. Early approaches assume spherical or ellipsoidal tumor shapes while growth 
rates are assessed based on tumor diameter measurements obtained from chest radiographs or CT 
scans. More sophisticated approaches utilize CT images of thin-slice thickness and three-
dimensional volumetric software allowing a more accurate estimation of tumor volume and, hence, 
growth rate. 
 

Table A. Tumor volume doubling times in days for NSCLC according to histological type. 
Study Number of 

cases 
Mean ±σ Median Range Modality/ Methodology for 

volume estimation 
Αdenocarcinoma 

Spratt et al., 1963 [1] 7 269 - Min:32 Radiograph/ tumor shadow 
diameter  

Steel, 1977 [2] 
 

64 148 - - - 

Geddes, 1979 [3] 
 

60 161 -  Radiograph 

Kerr and Lamb, 
1984 [4] 

4 72 - 23-110 Radiograph/ tumor shadow 
diameter 

Usuda et al.,1994 [5] 86 223.1±209.4 -  Radiograph/ max and perpendicular 
dimensions 

Hasegawa et al., 
2000 [6] 

49 533 -  CT scan/ max and perpendicular 
dimensions 

Winner-Muram et 
al., 2002 [7] 

15 Stage I - 157 64-(-26711) CT scan/ sum of cross-sectional areas  

Jennings  et al., 2006  
[8] 

51 166‡ 216‡ 32-(-52)‡ CT scan/ sum of cross-sectional areas  

Lindell et al., 2007 
[9] 

22 non-BAC 746 343  CT scan/ longest horizontal and 
max  perpendicular diameter  

 9 BAC 780 210   

Quint et al., 2008  
[10] 

15 127 181 58-2239 CT scan/ volumetric software  

Honda et al., 2009 
[11] 

40 248* 334*† 69 -18678,  
5 cases 

negative 

CT scan/ volumetric software 

Dhopeshwarkar  et 
al., 2011 [12] 

21 292 227  CT scan/ longest horizontal axis 
and the maximum diameter 
perpendicular to it. 

Henschke  et al., 
2012 [13] 

43 solid - 140 - CT scan/ the average of length and 
width on the largest cross-sectional 
area  

 11 subsolid  251   
Kanashiki et al., 
2012 [14] 

140 177 134  Radiograph 

Murai  et al., 2012 
[15] 

135 Stage I  170  CT scan/ max and perpendicular 
dimensions 
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Heuvelmans  et al., 
2013 [16] 

15  196  CT scan/ volumetric software 

Mackintosh et al., 
2014 [17] 

36 - 294‡ 54-2256,  
3 cases 

negative 

CT scan/ volumetric software 

Nakamura et al., 
2014 [18] 
 

69  305  CT scan 

Squamous cell carcinoma 

Spratt et al., 1963 [1] 6 93 - 14-(-325) Radiograph/ based on diameter of 
tumor shadow assuming spherical 
shape 

Steel, 1977 [2] 
 

85 85 -   

Geddes, 1979  [3] 
 

111 88 -  Radiograph 

Kerr and Lamb, 
1984  [4] 

7 146 - 20-382  

Usuda et al.,1994 [5] 67 104.7±105.6 -  Radiograph 
Hasegawa et al., 
2000  [6] 

8 129±97 -  CT scan 

Winner-Muram et 
al., 2002 [7] 

16 - 119 33-1004  

Jennings  et al., 2006 
[8] 

48 132‡ 142‡ 26-(-50)‡  

Lindell et al., 2007 
[9] 

8 103 88  CT scan 

Quint et al., 2008 
[10] 

11 128 139 79-901   

Honda et al., 2009  
[11] 

11 126±58 131 39-221 CT scan 

Dhopeshwarkar  et 
al., 2011 [12] 

4 73 63   

Henschke  et al., 
2012 [13] 

21  88  CT scan/ based on the average of 
length and width on the largest 
cross-sectional area of the cancerous 
nodule 

Kanashiki et al., 
2012 [14] 

44 133 99  Radiograph 

Murai  et al., 2012  
[15] 

66  93  CT scan, based on longest diameter 
and the diameter perpendicular to it 

Heuvelmans  et al., 
2013 [16] 

6  142   

Mackintosh et al., 
2014 [17] 

6 - 97 66-255 CT scan, semi-automated 
volumetric software 

Nakamura et al., 
2014 [18] 

  81  CT scan 

 
*Values re-calculated here after a meta-analysis of the published data, as the reciprocal of the mean and median growth 
rate, k, i.e.  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑑𝑑 = ln 2

   
∑ 𝑘𝑘𝑖𝑖
𝑁𝑁
𝑖𝑖=1
𝑁𝑁   

,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑑𝑑 = ln 2
  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑘𝑘𝑖𝑖  

 where 𝑘𝑘 = ln 2
𝑇𝑇𝑑𝑑

.  

†Negative values of Td are included. 
‡As derived from the reciprocal of the mean or median growth rate reported in the study. 
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The review reveals a very wide range of tumor Td spanning from ∼20 days to negative values. 
Regardless of method, the vast majority of studies have reported shorter Td for SCC than for ADC. 
Mean and median values for SCC are usually below 140 days, whereas slowly growing or stable 
tumors (with Td more than a year or negative) are more frequently reported for the ADC type. 
Notably, for cases with three or more tumor observations, the growth rate appears fairly constant 
on the log scale over the observation period [3, 10, 19]. In terms of tumor grade, undifferentiated 
or poorly differentiated tumors seem to grow at a faster pace than well-differentiated tumors [17]. 

 

2.2 Growth fraction.  

Ki-67 is a nuclear protein, expressed in proliferating cells during G1, S, G2 and mitosis phases 
[20]. Despite scarce evidence for the existence of minor amounts in G0 cells [21], it is considered 
absent during quiescent state and, occasionally, in early G1 cells [20]. Due to its presence in all 
phases of the active cell cycle only, Ki-67 is widely accepted as a cellular marker of proliferation 
[22, 23] and, hence, an indicator of the proportion of living cells in a tumor population that are 
actively proliferating (termed growth fraction).  

In the vast majority of the reviewed studies [24-40] Ki-67 values derive from specimens of 
surgically resected tumors, without pre-operative systemic therapy or radiotherapy. A wide range 
of Ki-67 values has been observed for NSCLC, approximately from 0 up to 90%, whereas Ki-67 
index has consistently been reported to be lower in adenocarcinoma than in squamous cell 
carcinoma (Table B). Regarding prognosis, Ki-67 labeling index seems to be of significance in 
NSCLC with a high value indicating poor prognosis. 
 

Table B. Ki-67(%) labeling index for NSCLC. 
Study Stage No of patients Mean ±σ Median Range  Sample origin/ 

Method 
Soomro & 
Whimster, 
1990 [24] 

- 30 ADC 10.99±11.09 7.45 0-47.5 Immunocytochemist
ry, Ki-67 antibody 

  36 SCC 15.71±12.59 13.8 0-49.2  

Hayashi et al., 1993 
[25] 

- 34 ADC 15.2 ± 1.8  0-50‡ resected tumor/ Ki-
67 antibody 

  19 SCC 29.5±3.5  10-70‡  

O'Neill et al. 1996 
[26] 

T1, T2 22 ADC 21  5.2-56.2 resected tumor/ 
IHC, Ki-67 antibody 

  54 SCC 31.8  8.9-72  

Rudolph et al., 1998 
[27] 

- 23 38.3±17.8   resected tumor/ 
IHC, Ki-S5 antibody 

Hommura et al., 
2000 [28]  

(p) I-IV 215 (106 ADC, 91 
SCC, 10 Large, 8 
ADSCC) 

36.7 ± 27.3  0–93 resected tumor*/ 
IHC, MIB-1 
antibody 

Cagini et al., 2000 
[29] 

I, II 99 (28 ADC, 44 
SCC, 22 Large, 5 
Bronchioloalveolar) 

25.3±19.3 20  resected tumor*/ 
IHC, MIB-1 
antibody 

Demarchi et al., 
2000 [30] 

I-III 64 ADC 21.6±16.8 22.22 0-67 resected tumor*/ 
IHC, MIB-1 
antibody 
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van de Vaart et al. 
2000 [31] 

III 27 (6 ADC, 11 SCC, 
9 Large, 1 
Undifferentiated) 

59.6±19.3 60.3 22-94.3 biopsy*/ IHC, MIB1 
antibody 

Rigau et al., 2002 
[32] 

I-IV 86 (32 ADC, 42 
SCC, 12 Large) 

 37  resected tumor*/ 
IHC, MIB-1 
antibody 

Tsoli et al., 2001 [33] I-III 69 (33 ADC, 31 
SCC, 5 UCL) 

34.8±11.29 33.1  4.6 -
70.4 

resected tumor*/ 
IHC, MIB-1 
antibody 

  33 ADC 29.4±10.1 29.2   

  31 SCC 40.14±10.4 39.65   

Ferreira et al., 2001 
[34] 

I-IIIA 144 (40 ADC, 74 
SCC, 30 LCC) 

49.3±25.1   resected tumor/ 
IHC, MIB-1 
antibody 

Takahashi et al., 
2002 [35] 

pT1-pT4 62 (36 ADC, 26 
SCC) 

24.5   resected tumor*/ 
IHC, MIB-1 
antibody 

Haga et al. 2003 [36] I 187 19.3   resected tumor/ 
IHC, MIB-1 
antibody 

  122 ADC 10.7    

  65 SCC 35.4    

Tsubochi et al. 2006 
[37] 

I-III 219 (116 ADC, 97 
SCC, 5 ADSCC, 1 
Large) 

18.9   resected tumor*/ 
IHC, Ki-67 antibody 

  116 ADC 12.0    

  97 SCC 26.1    

Kaira et al., 2008 
[38] 

I-III 321 (200 ADC, 100 
SCC, 21 Large) 

35±24 32  5-92 resected tumor*/ 
IHC, MIB-1 antibody 

  200 ADC 23±20 18   

  100 SCC 54±17 56   

Warth et al. 2014 
[39] 

 1065  40.7    IHC 

  184 ADC 25.8     

  233 SCC 52.8    
Chen et al. 2014 [40] I-IV 191 (93 ADC, 98 

SCC) 
 31  resected tumor*/ 

IHC, Ki-67 antibody 
SCC: Squamous cell carcinoma, ADC: Αdenocarcinoma, ADSCC: mixed squamous and adenocarcinoma of the lung, 
NSCLC: Non-small cell lung cancer, IHC: immunohistochemistry 
*Explicitly stated that neither chemotherapy nor radiotherapy was performed before surgery or biopsy 
‡Approximately determined from relevant graph in the study 
 

2.3 Cell cycle time 

In the present study, the average cell cycle duration of human lung tumors, in vivo, is assumed 
to be reflected in the mean generation time (or population doubling time) of lung cancer cell lines. 
Cell lines grow in vitro (e.g. as an adherent monolayer or floating cultures) and the generation time 
is typically determined from the slope of the growth curve during exponential growth phase. The 
mean generation time of a cell population is comparable to its average cell cycle time when the 
vast majority of cells in the population are proliferative, cell loss is low, and cells are characterized 
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by fairly similar cell cycle kinetics [41-43]. The above conditions are generally met in established, 
immortal cell lines under typical culture conditions [42]. 

In the reviewed literature [44-53], population doubling times of established cell lines derived 
from patients with adenocarcinoma or squamous cell carcinoma range from 18 to 134 h (Table C). 
No significant statistical difference in generation time has been reported for the two 
aforementioned histological types. 
 

Table C. Population doubling time (in hours) for human NSCLC established cell lines. 

Study No of cell lines  Range (Median) Medium 

Lieber et al. 1976 [44] 1 ADC  48 DMEM plus 10% FBS  

Kimura et al. 1979 [45] 1 SCC 46 α-MEM plus 10% FBS  

Loh et al. 1984 [46] 3 ADC, 1 ADSCC 34.5, 36.1, 55.8, 
102.8  

enriched CMRL-1066 plus 10% 
FBS  

Olsson et al. 1984 [47] 1 SCC ~ 30 to 40  RPMI-1640 plus FBS  

Brower et al. 1986 [48] 7 ADC, 1 SCC 18-58 (38.5) RPMI 1640 plus 10% FBS 

Masuda et al. 1991 [49] 15 ADC, 1 SCC 21-65.5 (38.65) RPMI 1640 plus 10% FBS  

Campling et al.  1992 [50] 1 ADC 41.4 HITES plus 2.5% FBS 

Liu & Tsao, 1993 [51] 4 ADC, 1 SCC, 1ADSCC 53-134 (79.5) R-10 or ACL-4 

Giaccone et al. 1992 [52] 2 ADC 24, 72 RPMI 1640 plus 10% FBS 

Li et al. 2012 [53] 1 ADC, 2SCC 25, 38, 42 DMEM plus 10%FBS  

SCC: Squamous cell carcinoma, ADC: Αdenocarcinoma, NSCLC: Non-small cell lung cancer, ADSCC: mixed 
squamous and adenocarcinoma of the lung, MEM: minimum essential medium, DMEM: Dulbecco's modified 
Eagle's medium, FBS: fetal bovine serum 

 

2.4 Apoptosis and Necrosis  

For solid tumors, apoptosis and necrosis are two morphologically distinct modes of cell death 
that may both occur in a tumor at the same time. In normal tissues, spontaneous apoptosis is a 
fundamental homeostatic mechanism for the preservation of a constant cell population. Regarding 
cancer cells, their ability to escape apoptosis favors the malignancy outgrowth. Several publications 
have attempted to quantify the presence of apoptosis in tumor tissue specimens at diagnosis and 
correlate it with treatment prognosis [26, 31, 33, 34, 54-61]. Consistent with most solid tumor types 
[62], the frequency of apoptosis in NSCLC appears to be very low (Table D), most likely due to 
the rapid formation and phagocytic clearance of apoptotic debris in vivo [63-65]. In the reviewed 
studies, the mean apoptotic index (AI - expressed as the number of apoptotic cells and/or bodies 
per 100 malignant cells) spans from 0 to 12%, with a mean and median value ranging between 0.3-
4.3 and 0.8–4, respectively.  Higher levels of apoptosis have been reported in literature for SCC 
than ADC; however, the difference is not characterized as statistically significant [60]. Apoptotic 
cells are evenly distributed throughout a tumor, without preferential sites of accumulation [54]. 
Regarding the prognostic significance of AI, published data point toward contradictory 
conclusions.   
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Table D. Apoptotic Index (number of apoptotic cells and apoptotic bodies per 100 tumor cells) for NSCLC. 

Study Stage/ 
Classification 

No of patients Mean ±σ Median Range Sample origin/ Method 

Törmänen et al. 
1995 [54] 

T1-3N0-2 24 ADC 1.24±0.24‡ 

 
  resected tumor/ TUNEL 

  47 SCC 1.20±0.19 ‡    

O'Neill et al. 
1996 [26] 

T1-2 22 ADC 1.1  0.1-5.4  resected tumor/ H&E 
staining 

  54 SCC 2.3  0.1-9.6  

Komaki et al. 
1996 [55] 

Nl 173 (73 ADC, 86 
SCC, 3 LCC, 6 
ADSCC, 8 Others) 

 1.0  0.2-2.8 resected tumor*/ H&E 
staining 

Stammler & 
Volm, 1996 
[56] 

I-III 178 0.37±0.29‡ 0.25 ‡ 0-1.7 ‡ resected tumor*/ TUNEL  

Tanaka et al. 
1999 [57] 

I-IIIa 236 (130 ADC, 85 
SCC, 13 LCC, 8 
Others) 

1.88±0.14 1.1  resected tumor*/ TUNEL 

  130 ADC 1.97±0.23    

  85 SCC 1.96±0.19    

van de Vaart et 
al. 2000 [31] 

III 27 1.8 2 0-8 biopsy*/ TUNEL assay 

Langendijk et 
al. 2000 [58] 

III 75 0.9  0-10 bronchoscopy* 

Tsoli et al., 
2001** [33] 

I-III 60 (29 ADC, 28 
SCC, 3 ULC) 

2 ±1.97 1.35 0.1-10.6  resected tumor*/ TUNEL 
assay 

  29 ADC 2.35±2.5 1.4   

  28 SCC 1.46±1.09 1.15   
Ferreira et al., 
2001 [34] 

I-IIIA 144 (40 ADC, 74 
SCC, 30 LCC) 

0.65±0.41   resected tumor/ H&E 
staining 

Ghosh et al., 
2001 [59] 

 134 SCC 0.3029±0.24
75 

0.223 0.024-
1.455 

resected tumor/ H&E 
staining 

Hwang et al., 
2001 [60] 

I-III 68 (6 ADC, 62 
SCC) 

4.3±2.6  4  0.2-12  biopsy*/H&E staining 

  6 ADC 5.9±3.54     

  62 SCC 4.1±2.5    

Dworakowska 
et al., 2009 [61] 

I-IV 170 (43 ADC, 101 
SCC, 14 LCC, 12 
ADSCC) 

1.2±1.0 (of 
168 patients),  
2 patients 
had 0% 

0.8 (of 
168 
patients) 
 

 resected tumor/ TUNEL, 
H&E staining 

SCC: Squamous cell carcinoma, ADC: Αdenocarcinoma, NSCLC: Non-small cell lung cancer, ULC: undifferentiated lung 
cancer, ADSCC: mixed squamous and adenocarcinoma of the lung 
large cell carcinomas, H&E: haematoxylin and eosin 
TUNEL: terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling 
‡ Explicitly stated that apoptotic index is expressed per 100 viable tumor cells 
*Explicitly stated that no treatment was performed before surgery or biopsy 
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In contrast, necrosis, either at macroscopic or microscopic level, is more frequently observed 
in NSCLC (Table E) [54, 66-69] and in solid tumors, in general. During tumor growth, cell necrosis 
is believed to be the result of oxygen supply deprivation (hypoxia) caused by an insufficient tumor 
vascular network. A positive correlation of necrosis extent with increased tumor size [70, 71], high-
grade (poorly differentiated) disease and poor prognosis (especially for stage I and II disease) has 
been demonstrated [72, 73]. The above findings suggest that extensive tumor necrosis reflects a 
fast growing tumor that outstrips its blood supply and, hence, is associated with a more aggressive 
tumor phenotype [72, 73]. Necrosis appears more often in SCC than in ADC (Table E) indicating 
the more aggressive nature of the former type [54, 71]. 
 

Table E. Percent (%) of tumor necrosis for NSCLC. 

Study Stage No of patients Mean ±σ Median Distribution Sample 
origin/Method 

Kessler et al. 
1996 [66] 

I-III 593 (124 ADC, 
394 SCC, 46 Large, 
29 
Bronchoalveolar) 

15.7 ± 
0.9 

5  resected tumor*/ 
H&E staining 

Pataer et al., 
2012‡ [67] 

 192   11–30% (6);  
31–50% (27); 
 51–70% (64);  
71–100% (69) 

resected tumor*/ 
H&E staining 

Khan et al., 
2004 [68] 

 98 (26 ADC, 70 
SCC, 1 
Undifferentiated, 1 
Bronchoalveolar) 

  <1/3 (87);  
>1/3 (11) 

- 

Törmänen et al. 
1995 [54] 

I-IIIa 24 ADC   0% (17);  
1-20% (2);  
21-50% (2);  
51-70% (2);  
>71% (1) 

resected tumor 

  47 SCC   0% (3);  
1-20% (24);  
21-50% (13);  
51-70% (6);  
>71% (1) 

 

Lee et al. 1989 
[69] 

III 30 (8 ADC, 18 
SCC, 4 LCC) 

  ≤25%: 26;  
≥26%:4 

Biopsy or resected 
tumor*/ H&E 
staining 

SCC: Squamous cell carcinoma, ADC: Αdenocarcinoma, NSCLC: Non-small cell lung cancer, H&E: haematoxylin and 
eosin 
*Explicitly stated that neither chemotherapy nor radiotherapy was performed before surgery or biopsy 
‡The percentages refer to viable tumor 

 

2.5 Cellular Quiescence-Hypoxia 

 It can be easily observed (see Table B) that in most tumors the majority of cells are non-
dividing. Three major types of non-dividing cells can be distinguished, namely terminally 
differentiated cells with no mitotic capacity, cells out of the cell cycle due to hypoxia and nutrient 
deficiency, and cells out of the cell cycle due to lack of growth promoting signals. In the last two 
cases cells retain their capacity to proliferate and cellular quiescence is reversible under appropriate 
conditions/stimuli.  
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The literature search did not reveal any study attempting to distinguish or quantify these three 
types of non-dividing cells in NSCLC. On the other hand, attempts to quantify the extent of 
hypoxia in NSCLC have been documented in literature. More specifically, in 21 NSCLCs studied 
with [18F] FMISO PET imaging, the fractional hypoxic volume (FHV), ranged between 1.3 and 
94.7% (median 47.6%), when a tumor:blood [18F] activity ratio ≥ 1.4 was taken as a cutoff for 
hypoxic voxels [74]. Similar results have been reported in [75], where the FHV of 1.4 in 11 stage 
III or stage IV NSCLC ranged between 5 and 91% (median 48%). The response and viability of 
hypoxic cells depends on tumor microenvironment, energy levels and the ability of the cell to adapt 
[76]. Hypoxic cells have been reported to live for a few (4-10) days [77]. However, it has been 
hypothesized that cells under nutrient deficiency may stay viable in a quiescent state for even longer 
periods of time, after shrinking through autophagy [78]. 

 

2.6 Cancer stem cells  

The cancer stem cell (CSC) hypothesis has been proposed to explain the intratumor population 
heterogeneity, in terms of multipontency, long-term proliferation and tumorigenic potential. 
Regardless of the maturation level of the cell of origin, CSCs is a subpopulation of cancer cells 
that has acquired features similar to normal somatic stem cells and is thought to be responsible for 
tumor initiation, maintenance and propagation. Unlimited mitotic capacity, self-renewal and ability 
to differentiate and produce the heterogeneous cell lineages that make up a tumor are fundamental 
characteristics attributed to CSCs. 

Criteria used for the isolation of CSC enriched tumor cell populations include increased ALDH 
activity, low Hoechst 33342 dye staining (‘side population’), sphere formation in serum free 
conditions, expression of stem cell markers (e.g. CD133) and chemo-resistance [79]. Other 
markers of stemness associated with either adenocarcinoma and/or SCC are CD24, CD44, Oct-
4, nestin, SOX2 and CD166 [79-81]; however, a universal marker or combination of markers for 
the accurate identification of pure CSCs populations are lacking [79, 80].  

It has been initially thought that CSCs is a rare population with a frequency well below 0.1% 
of the total tumor cells (0.1–0.0001%)[82]. In the majority of the reviewed publications [83-88], 
the reported frequencies for lung cancer ADC and SCC, either in primary tumors or established 
cell lines, is well below 0.01%. The method used is based on the tumor formation incidence 
following inoculation of varied quantities of tumor cells in immunocompromised mice. However, 
over the last years, this hypothesis has been strongly debated based on the findings of [89] and 
[82]. The high proportion of CSCs in lymphoma, AML and melanoma, has led some investigators 
to argue that the observed low frequencies of CSCs is the result of microenvironment limitations 
of the immunocompromised mice used for xenotransplantation and the short observation window 
(<20 weeks)[90]. Ishizawa et al. [85] compared the tumorigenic capacity using both typical and 
highly permissive xenotransplantation conditions, the latter based on NSG mice. Although 
elevated, the study failed to demonstrate high proportions of CSCs using highly permissive 
xenotransplantation conditions, in all of the primary tumors examined. More specifically, the 
estimated frequency of CSCs was of the order of 10-5 in non-small cell lung adenocarcinoma and 
10-5-10-4 in squamous cell carcinoma (Table F).  

CSC theory has also been used to explain resistance to chemotherapy and recurrence. Drug 
surviving cells following in vitro exposure to conventional chemotherapeutic drugs (e.g. cisplatin, 
docetaxel etc.), exhibit elevated levels of stem-related markers, as well as, all typical stemcellness 
properties [84]. Likewise, drug resistance is utilized as one of the experimental validation checks 
for CSC enriched populations [79]. The ability of CSCs to escape therapy has been attributed to a 
quiescent, slow cycling nature [87], more efficient DNA repair and drug efflux mechanisms, and 
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an elevated metabolic activity in respect to bulk tumor cells [91]. In the reviewed publications [83, 
92] the resistance of CSC enriched populations seems to range considerably depending on drug, 
dosage, method of CSC isolation and the original sample itself (Table F). 

 
Table F. CSCs in NSCLC. 

Study Cell line/ 
Primary Sample 

Value Methods 

Frequency (% of total alive cells)  
Ho et al., 2007 [83] H460 cell line 0.00041*† Marker: SP, NOD/SCID mice sacrificed at 

day 60 or when tumor measured ~1000 mm3 

 H441 cell line 0.0054*†  

 A549 cell line 0.0044*†  

Levina et al., 2008 [84] H460 cell line 0.0026* SCID mice sacrificed when tumor measured 
~2cm in diameter 

Ishizawa et al., 2010 
[85] 

3 ADC patients 0.0033-0.0.0063 NSG mice monitored for at least 20 weeks 

  0.0023,<0.001 NOD/SCID mice monitored for at least 20 
weeks 

 3 SCC patients 0.0063-0.024 NSG mice monitored for at least 20 weeks 

  0.0080-0.0023 NOD/SCID mice monitored for at least 20 
weeks 

Zhang et al., 2012 [86] H460 cell line 0.00026* NU/NU mice monitored maximum for 16 
weeks 

Singh et al., 2013 [87] H1650 cell line 0.0073* SCID-beige mice monitored maximum for 19 
weeks 

Xu et al., 2014 [88] A549 cell line 0.00019* NOD/SCID mice sacrificed after 12 weeks 
or when tumors measured >1 cm in diameter 

 H460 cell line 0.00025*  

 SK-MES-1 cell 
line 

0.00022*  

Resistance‡ 

Ho et al., 2007 [83] H460, HTB-58, 
H441, H2170 
cell lines 

CIS: 0.74-1.0a, 
GEM: 0.65-1.0a, 
VINO: 0.61- 1.1a, 
DOC:0.77-1.2a 

SP vs. non-SP, 24h exposure at IC50 of 
unsorted cell lines 

Jiang et al., 2009 [92] H460, H322, 
H358, H125 cell 
lines 

CIS: 0.67-0.74a, 
GEM: 0.56-0.85a, 
VINO: 0.27- 0.84a, 
DOC:0.40-0.80a 

ALDH1+ vs. ALDH1, 24h exposure at IC50  

SCC: Squamous cell carcinoma, ADC: Αdenocarcinoma, NSCLC: Non-small cell lung cancer, CSCs: Cancer stem 
cells, SP: side population, NSG: NOD/SCID/Gamma, NOD: Non-obese diabetic, SCID: Severe combined 
immune deficiency, IC50: half maximal inhibitory concentration 
All values have been rounded to two significant figures. 
*Value calculated, following a meta-analysis of published data based on extreme limiting dilution analysis [93].  
†Value calculated as the mean CSC frequency of marker positive and marker negative cells by the formula:  
(CSC % in marker+ cells)×(marker+ fraction of total cells)+ (CSC % in marker- cells)×(marker- fraction of total 
cells) 
‡Approximately determined from relevant graph in the study. Expressed as the ratio of the CKR (=1-percentage 
viability/100) for marker positive cells to the CKR for marker negative cellsa or parental tumorb 
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	2.2 Growth fraction.
	Ki-67 is a nuclear protein, expressed in proliferating cells during G1, S, G2 and mitosis phases [20]. Despite scarce evidence for the existence of minor amounts in G0 cells [21], it is considered absent during quiescent state and, occasionally, in ea...

