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1.

1.1

[1].

[1]

,

[2]

,

[2, 3].

,

,

pack-years (

Adler [4]

[5],

Doll

Hill [6, 7]

-

, ,

[8, 9].
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[10].

[11].

- ,

.

3p, 8p,

9p, 11p, 15p, and 17p [12-16] Ras,

EGFR, Her-2, c-Met, Bcl-2, EML4-ALK [17-35],

p53 [36-40], Rb gene) [41-43]

P16INK4A p15INK4B [44, 45].

[46].

[46].

-
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in situ

- ,

[11, 47]. -

p Rb k-ras c-myc

c-raf -

[11]:

In situ 

EGFR (epidermal growth factor receptor HER- c-erB-

HER (human epidermal receptor

-

170 kDa

-

EGFR:
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EGFR

[27, 48, 49].

EGFR -

-

L858R

erlotinib gefitinib [50-52] EGFR k-

ras k-ras

[53].

1.2 screening

-

-

- [54].

[55, 56]

screening

[57-59]. I-

ELCAP (International Early Lung Cancer Action Program
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.

1.3

Non small cell lung cancer, NSCLC

Small cell lung cancer, SCLC

World Health Organization, WHO

[60] :

~ 38%

NSCLC SCLC WHO

.
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[61]

[62]

[63] -

EMA, CEA, CAM5.2, AEI/AE CK

CK

(TTF

TTF CK CK20 [63].

-
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p

[64].

[65, 66]

-

-

[67] WHO

IASLC ( International Association for the Study of Lung Cancer

SCLC NSCLC)
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.

 « »

.

.

.  (

)

, .

 [68-70],  [71-73]  [74, 75] 

.

-

. :

,

:

.  WHO  2004 
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[60]

1.4

[76, 77].

:

Horner 
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1.4.

:

PET/CT (positron

emission tomography MRI

:
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(

-guided biopsy)

EBUS-guided

[78]

-

PET CT

[79].

1/3 - [80].

IV

-100 ml

[80] .

[81]

[82-84].

1.5

Tumor,

Node, Metastasis

1.

.
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2.

.

3.

2010 .2

TNM -

VALSG (Veterans' Affairs Lung Study Group)

.

VALSG

-

-

-

1.6

TNM -

.

-
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IV)

performance status, PS

[85-89]

[90-95]

SUV (standardized uptake value PET CT

[96, 97].

EGFR L858R

erlotinib gefitinib) [98, 99]

ERCC1 (endonuclease of the nucleotide excision repair complex)

ERCC ERCC

[100-102]

k-ras

[18, 98, 103]

RRM1 (regulatory subunit of ribonucleotide reductase)

RRM

RRM

[102, 104-106]

-

-2%.
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1.7 -

-

,

sleeve

[107, 108]

(VATS (

[109-111]

.

[112, 113]

-

T PET CT
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[114, 115]. ab

[116].

- 1) 

[117-

119].

-

[120, 121]

[122].

-

[123]

.

-

45Gy)

-

[123, 124].

1.
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-

-

[125-127]. IALT 1867

[125]

JBR- [126, 127]

,

-

-

[128]. CALGB

[129].

-

[130-134].

-

.

[135-
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137].

[138]. ,

V PS, [139-141].

-40% 

[142, 

143].

[144-146].

-

[147, 148] ,

bevacizumab

VEGF ( Vascular Endothelial Growth Factor)

(ECOG 4599) [149] bevacizumab -

-

erlotinib gefitinib,

EGFR [150-152]. L858R

[50-52].

FLEX cetuximab

-

[153]

cetuximab

p=0.04).

-
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(continuous maintenance switch

maintenance bevacizumab

-

(continuous maintenance)[149]

continuous maintenance [153, 154]

switch maintenance

erlotinib, pemetrexed docetaxel -

[155].

1.8

PS

[156-158]

[159, 160]

(EP) [156, 158-160]

[161-164].

[165, 166]
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1.9

, .

(

PET/CT

PET/CT [167-169].

-

- [170, 171].

,

-

[172]

- [173] PET PET/CT

[174].
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4-

[175-177].

PET/CT

[170].

-
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[178].

- [179].  

[180-182]

(PCI) - RTOG 0214,

-

-

PCI

[183]

PCI

PCI

PCI [184, 185]

PCI

-

SEER ( Surveillance,

Epidemiology and End Results
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T2a

b

pancoast

-

-

-

M0

M1a

b

.1 M-IASLC, 7th edition)



31

 (7 )

 T1a,bN0M0 

 T2aN0M0 

 T1a,1b,2aN1M0 

T2bN0M0 

 T2bN1M0 

T3N0M0 

 T3N1M0 

T4N0,1M0 

 T4N2M0 

T1-4N3M0 

V , , 1

 1.5.2 T M (IASLC, 7th edition)  

45-50 Gy 1.8-2 Gy 4-5 

50 Gy 

55-60 Gy 

60-70 Gy 

1.8-2 Gy 

1.8-2 Gy 

1.8-2 Gy 

4-5 

5-6 

6-7 

60-75 Gy 

60-70 Gy 

2 Gy 

2 Gy 

6-7 

6-7 

     30-40 Gy 

8-30   Gy 

30      Gy 

3 Gy 

3 Gy 

3 Gy

2-3 

2-3 

2

 1.7.1                           
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2.

2.1

.

.

,  Henle, .

,

,

, .

 7-8 

,

. ,

.

,

. .

 2  55 .

 (  ‘ ’).

 von Brunn. 

.

,

 (cystitis cystica or cystitis glandularis). 

2.2

 Marshall  1945 

 (TCC, transitional 

cell carcinoma) [187].  1960 

,

.

,

,  [188, 189].
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[190-192] -

[193-195] follow up

[193]

(screening - [196-

198] screening

[199-201].

washing) 

washing

brushing

ml

[202]
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[203, 204]

artifacts

[205].

[206].

:
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.

-

[206].

-

[207] -

a, Tis T1).







O

[1].

,

.

EGFR

erlotinib gefitinib k-ras

cetuximab, panitumumab) .

control groups)

,

-

-Hodgkin s

performance status, PS
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1.

-

-

-

control groups

IV -Hodgkin s

1.2

-

extensive limited) O (n:

122 -

-

) - IV n:84).

1.2.1
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.

-

-

-

best supportive care

NSCLC SCLC

-

.
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1:

NSCLC SCLC

Ca Ca          NHL

N 122 28 15 15 15

82
40

20
8

0
15

7
8

7
8

PS)
0
1
2
3
4

78
28
13
3
0

20
7
1
0
0

50
41
9
22

I-III
IV

38
84

12
16

15 15 15
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NSCLC SCLC

Ca Ca              NHL

N 122 28 15 15 15

45
39

6
10

5
10

4
11

5
10

16
12
18
15
8
1

7
3
8
3
4
0

NSCLC SCLC

Ca Ca NHL

N 122 28 15 15 15

1
2
3

11
66
34
9
2

3
17
8

8
7

7
6
2

8
2
5
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2.
   2.1

. ,

.  20 ml, 

 (Cytolyt ®)  1:1. 

 24 

.

 ThinPrep (Cytyc Corpotation, Boxborough, MA, USA) 

 Thin-Prep 2000 Processor. 

 [208].

,

,  7  20 

(CK7  CK20)  1 (TTF-1, 

thyroid transcription factor-1). 

.  CK7 

(Biocare,USA,ready-to-use), CK20 (Dako, Denmark, ready-to-use)  TTF-1 

(Cellmarque, USA, ready-to-use). 

 BenchMark XT 

(Ventana, USA).  « »,

.

2.2

. ,

, , , SGOT, SGPT, LDH, Na, K, Ca, 

. ,

, , pH, ,

.
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2.3  ( )

 CXCR4 (chemokine receptor 4) 

SLC/CCL21 (secondary lymphoid tissue chemokine) 

.

.  4 m

-

/ in situ , BenchMark 

XT. : -

CXCR4  (Sigma-Aldrich, Inc, Missuri,USA)  1:100 

-CCL21  (Santa Cruz Biotechnology, Inc, Santa 

Cruz, CA)  1:70. ,

 (negative control). 

 (positive control) 

.

 « », .

:

0  = 

+1=

+2=

+3=

,

 20%  [209]. 

   2.4

,

-

.

.
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, ,

.

  2.5

 C57Bl/6  BALB/c. 

 « » .

,  Lewis Lung 

Carcinoma (LLC)  (DCTD, NCI, Frederick, 

MD,USA).  0 (d0) 

 (NCI) [210]. 

,  BALB/c 

 1x106  4 1,  ATCC 

(American Type Culture Collection, Rockville, MD, USA). 

 6-8  [211]. 

   2.6

 0 (d0) 

.  1, 

7, 14  28. , ,

.  14 (d14)

, .

-

.

 28 (d28). 

 x10, x20  x40. 

 2.6.1. 
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3.

3.1 -

-

,

PS 0-1) 

(PS 2-4). 

).

BSC
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-

3.1.

: - -

NSCLC

N 13/122 (11%)

10/82 (12%)
3/40 (7.5%)                        

0-1
2-4

12/106 (11%)
1/16   (6%)                            

5/50 (10%)
5/41 (12%)
2/9   (22%)
1/22 (4.5%)                           

0/38
13/84 (15%)                            

7/45 (15.5%)
6/39 (15.3%)                            

0/8                                               
0/1                                               

1
2
3

0/11
5/66 (7.5%)
6/34 (17%)
2/9   (22%) 
0/2                                             

8/40 (20%)
5/56 (9%)                                   

11/98 (11%)
2/24 (8%)                                  

13/104 (12.5%)
0/18                                           
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3.2

PS 0-

-

.
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SCLC

N 2/28 (7%)

2/20 (10%)
0/8                                                    

0-1
2-4

2/27 (7%)
0/1                                                    

0/12
2/16 (12.5%)                                  

1/6 (16.6%)
1/10(10%)                                          

1/4 (25%)                                            

1
2
3

0/3
2/17 (12%)                                           
0/8

0/8
2/17 (12%)                                            

1/24 (4%)
1/4 (25%)                                               

2/19 (10.5%)
0/9                                                           

: - -
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IV -Hodgkin s

).

Ca Ca -

Hodgkin s

0/15 0/15 0/15

:

- ml

.

CK7), CK

Thyroid transcription factor 1, TTF-

CK7 CK20 4.1.1, 4.1.2

4.1.3
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   4.2

CXCR4  CCL21 .

-

.

 ( - )

.

 CXCR4 

 (100%) 

 ( 2 p=0.0068). 

(+2)  (+3). 

CXCR4  4.2.1 

CCL21

 (100%)  ( 2  p=0.33). 

 CCL21 ,

.  CCL21  4.2.1  4.2.2. 

 4.2.3.
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CXCR CCL

Lewis lung cancer

cells)

5.1.2) 

, ,

1.3.

NSCLC SCLC
CXCR

5/5 (100%)

4/5
1/5
0/5 (p=0.008)

1/1 (100%)

1/1

0/2 (p=0.33)

CCL21
5/5 (100%)
1/5
2/5
2/5
0/5

1/1 (100%)
1/1

0/2 (p=0.33)
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Lewis Lung
Carcinoma

-) -) -)                 (+)

4T1 -) -) -)       -)

LLC
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6.

-

p

p=

0.02).

-



62

                            

                  SCLC                                                 SCLC

10/82 (12%)
3/40 (7.5%) (p=0.5)                       

2/20 (10%)
0/8       (p=0.35)                                       

0-1
2-4

12/106 (11%)
1/16   (6%)   (p=0.86)                  

2/27 (7%)
0/1                (p=0.77)                             

5/50 (10%)
5/41 (12%)
2/9   (22%)
1/22 (4.5%)    (p=0.53)                  

0/38
13/84 (15%)    (p=0.01)                      

0/12
2/16 (12.5%)   (p=0.2)                            

7/45 (15.5%)
6/39 (15.3%)   (p=0.98)                       

1/6 (16.6%)
1/10(10%)         (p=0.02)                         

0/8                   (p=0.9)                             
0/1                   (p=0.9)                             

1/4 (25%)          (p=0.44)                         

1
2
3

0/11
5/66 (7.5%)
6/34 (17%)
2/9   (22%) 
0/2                   (p=0.09)                          

0/3
2/17 (12%)         (p=0.5)                          
0/8

8/40 (20%)
5/56 (9%)        (p=0.29)                          

0/8
2/17 (12%)         (p=0.5)                         

11/98 (11%)
2/24 (8%)      (p=0.96)                         

13/104 (12.5%)
0/18               (p=0.112)                         

1/24 (4%)
1/4 (25%)           (p=0.27)                        

2/19 (10.5%)
0/9                       (p=0.312)                     

-
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7.

-

(Pearson Chi-Square x p follow up

x p=0.8). 

-

.

(p

(Logrank p

7.2.





(single center series [212]

-

-

case reports)

[213-224].

[225]

[226].

[227, 228].

[222]

[227]. Onuigbo

pH
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[215]

[229-231]

[232, 233]

-
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[212] ,

,

Reinke

[234]

[235, 236]

CXCR CCL

CXCR CCL
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- Stephen Paget

Paget

[237, 238].

[239, 240]

[241] CXCR

[238, 

241-246]

-

[247, 248]. CXCR

,

) in vitro in vivo

[238, 249, 250]

CXCR4



69

[209] CXCR

CCL SLC (secondary lymphoid tissue

chemokine Ckine exodus CCR7

CCR7(+) T natural killers

[246, 251-255] CCL21/SCL

HEVs, high

endothelial venules Peyer s

[254, 256]

CCR

[251, 257-261] CCR

[209, 262] CCL21

.

CCL21 

CCR7

CCL21/CCR

in vitro in vivo

CCR

CCR7/CCL

CCR

(CCL21) [238, 263]

CCR

[263, 264]



70

CCR7, CXCR4,

[238].

CCR

[265-268].

CCR7/CCL

[269].

CCR7/CCL

CXCR

- s CXCR4

-

[270, 271].

CXCR HIV/AIDS



,

CCR7/CCL21 

CXCR

[272-274]

,

LLC

CXCR CCL21





-

.

-

-

IV -Hodgkin s

(CK CK TTF-1,

thyroid transcription factor-
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CXCR4 (chemokine receptor SLC/CCL21 (secondary lymphoid

tissue chemokine

C57Bl BALB/c

Lewis Lung

Carcinoma (LLC

-

IV -Hodgkin s

CK7, CK20, TTF-

CXCR CCL

CXCR

2 p

CCL
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2 p=0.33). -

p

p

-

Lewis lung cancer cells

LLC
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CCR CXCR



SUMMARY IN ENGLISH

Purpose: Positive urinary cytology in patients with lung cancer, in the absence of obvious 

urine tract metastases, is an unanticipated phenomenon. To date only few cases have been 

reported in the medical literature, among which a cohort of five patients from our center 

recently described. In view of the lack of clinical/pathologic data and absence of research 

in the pathophysiology of this phenomenon, we decided to study a larger cohort of patients

with early and metastatic lung cancer for the presence of occult urothelial seeding. We 

investigated this rare occurrence using both clinical/translational and experimental 

approaches.  Specifically, we sought to estimate the incidence of this phenomenon in 

patients with Small (SCLC) and Non-Small Cell Lung Cancer (NSCLC), its correlation 

with clinicopathologic tumor characteristics, identify its potential predictive and prognostic 

significance and to elucidate possible pathogenetic mechanisms. We also tried to further 

enlighten the pathophysiology of occult urothelial metastases by conducting an 

experimental study in animals injected with cancer cell lines in the laboratory. 

Patients and Methods: The urinary cytology of 150 patients with early and metastatic non 

small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), as well as of 3 control 

groups, was prospectively studied. All patients underwent detailed imaging studies. In 

positive samples, immunocytochemical (ICC) staining for cytokeratins 7 and 20 (CK7, 

CK20) and thyroid transcription factor 1 (TTF1) of malignant cells found, was used to 

confirm histogenetic origin by use of monoclonal antibodies CK7, CK20, TTF1. The 

chemokine profile of the primary tumor in patients with positive urinary cytology as well 

as in a histology-matched, stage-matched control group of patients with non-small cell 

lung cancer and no urinary seeding was assessed by immunostaining for CXC Chemokine 

Receptor 4 (CXCR4) and for Secondary Lymphoid Tissue Chemokine (SLC/CCL21). The 

experimental study of the phenomenon was conducted in mice with injection of Lewis 

Lung Carcinoma (LLC) cells, using a standardized protocol for the detection of cancer 

cells in urine as well as for the detection of renal, adrenal and bladder metastases. The 

urine cytology - studies of BALB/c mice with metastatic breast cancer (4T1) was used as 

control group.
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Results: Positive urinary cytology was detected in 11% of patients with NSCLC and 7% of 

patients with SCLC and was not observed in any of the control group patients. The 

histogenetic origin of the disseminated cells in urine was confirmed with ICC staining. 

Positive correlation with the advanced stage of disease (p=0.01) and high tumor burden 

(p=0.03) was found in patients with NSCLC. In patients with SCLC, positive urinary 

cytology also correlated with extensive disease (p=0.04) and multiple metastatic sites 

(p=0.02). No correlation was found, in either groups, between positive urine cytology and 

age, gender, histology, performance status (PS), line of chemotherapy, previous platinum-

based chemotherapy, adrenal metastases, renal function and presence of abnormal urinary 

sediment. The phenomenon was not correlated with response to chemotherapy at the time 

of sampling (p=0.6) or overall survival (p=0.9). The primary tumors of patients with 

positive urine cytology showed distinctive chemokine expression, not observed in negative 

patients. In the experimental study, the lung cancer cells injected in mice did not 

metastasize to the kidneys, adrenal glands or bladder but were detected their urine cytology 

and this phenomenon was not observed in the case of mouse mammary cancer model.

Conclusion: Although urine cytology has long been a useful tool for the diagnosis of 

urinary tract cancer as well as for detection of metastases in the urinary tract, the presence 

of positive urine cytology in patients with lung cancer without obvious urine tract 

metastases was unexpected and was first described by our study. The possible mechanism 

of the phenomenon is not clear but could probably be explained by increased tropism of 

lung cancer cells to the urothelium. Whether the presence of the phenomenon could be 

explained by chemotaxis through the CCR7/CCL21 or the CXCR4 axes, by a combination 

of chemotaxis and penetration of the cancer interstitial infiltrate through the renal tubules, 

by hematogenous micrometastatic disease in any site of the urothelium or a combination of 

the above, is not clear. The main clinical finding of our study, apart from presenting the 

phenomenon, is that it seems to characterize only patients with metastatic/extensive disease 

with high tumor burden. It does not seem to correlate with other clinicopathologic tumor 

characteristics; neither did it have any predictive or prognostic value for treatment benefit 

or patient outcome.
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