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Abstract. – OBJECTIVES: The aim of this
study was the in vivo evaluation of tumor angio-
genesis in lung cancers grouped according to
their histopathological diagnosis, localization
and necrosis characteristics determined using
CT first-pass parameters.

MATERIALS AND METHODS: The study was
performed between January and April 2012 on 44
patients consisting of 38 males and 6 females
who were diagnosed with lung cancer as a result
of cytological and/or histopathological evalua-
tions. Patients who had not received radiotherapy
and/or chemotherapy previously were included in
the study. Images were obtained for each patient
by using the 64-detector MDCT scanner. Colored
perfusion maps were created from the obtained
images. Perfusion parameter measurements were
performed by placing ROI at 3 different locations
in the solid sections, avoiding the necrotic cystic
areas of the masses. Obtained BV, BF, TTP, and
MTT perfusion parameters were recorded.

RESULTS: The BF values of central and pe-
ripherally located lung cancers that showed nor-
mal distribution were found to be statistically
significantly different. No statistically significant
difference was found between TTP values. The
BV values of central and peripherally located
lung cancers that did not show normal distribu-
tion showed a statistically significant difference.
There was a statistically significant difference
between the BV and BF values of lung cancer
with and without necrosis that did not show a
normal distribution and the BV and BF values of
lung cancers with and without necrosis.

CONCLUSIONS: Non-invasive evaluation of
tumor perfusion of first-pass perfusion CT in
lung cancers provides valuable information
about tumor angiogenesis. However, we believe
that peripheral and solid lung cancers will bene-
fit more from treatments such as anti-angio-
genetic drugs, radiotherapy and chemotherapy
more than the centrally located and necrotic
lung cancers and that perfusion CT will play a
greater role in the evaluation of the efficiency of
these treatments in the future.
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Abbreviations

CT = Computed Tomography; MDCT = Multidetector
Computed Tomography; ROI = Region of Interest; BV =
Blood Volume; BF = Blood Flow; TTP = Time to Peak;
MTT = Mean Transit Time; PS = Permeability Surface
Area Product of Volume; SCLC = Small Cell Lung Can-
cer; NSCLC = Non-Small Cell Lung Cancer; MVD =
Microvascular Density; PEI = Peak Enhancement Inten-
sity; SPN = Solitary Pulmonary Nodule; FDG =
Fludeoxyglucose; TNM = Tumor, Node, Metastasis;
VEGF = Vascular Endothelial Growth Factor.

Introduction

Lung cancers currently rank first in cancer-re-
lated deaths. The widespread use of MDCT pro-
vides many advantages in lung cancer diagnosis
and staging compared to spiral CT1. Perfusion
CT enabling functional evaluation of tissue vas-
cularity is also in common use with MDCT in re-
cent years. The clinical use of perfusion CT in
head-neck, lung, liver, pancreas, colorectal and
prostate cancer has been reported2.

The aim of this study was the in vivo evalua-
tion of tumor angiogenesis in lung cancers
grouped according to their histopathological di-
agnosis, localization and necrosis inclusion char-
acteristics by using first-pass perfusion CT para-
meters. The data obtained is thought to provide
valuable information in the follow-up of lung
cancers and in the evaluation of the efficiency of
anti-angiogenetic drugs used in the treatment.

Materials and Methods

The study was performed between November
2011 and April 2012 on 44 patients consisting of
38 males and 6 females who were diagnosed
with lung cancer as a result of cytological and/or
histopathological evaluations. The mean age of
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input artery in the deconvolution analysis method
in each patient. The arterial structures used were
the ascending and descending aorta.

Image Analysis
After transferring the images obtained to the

Vitrea workstation, their colored perfusion maps
were prepared. Parameters measurements were
performed by placing the ROI in 3 different loca-
tions in the solid sections while avoiding the
necrotic cystic areas of the masses as much as
possible. The obtained BV, BF, TTP, MTT perfu-
sion parameters were recorded (Figure 1).

Statistical Analysis
Statistical evaluation of our research data was

performed with the SPSS for Windows, version
13.0, statistical software program (SPSS Inc.,
Chicago, IL, USA). Data regarding all measur-
able variables were presented as arithmetic aver-
age (X) ± Standard Deviation (SD). The Shapiro-
Wilks normality test was used to test whether
measurable variables showed normal distribu-
tion. Some of the variables were found to show
normal distribution (p > 0.05), and some not to
show normal distribution (p < 0.05). The un-
paired t test, Kruskal-Wallis variance analysis

the cases was 64.1 (44-80) years. Patients who
had not received radiotherapy and/or chemother-
apy previously were included in the study. Six
patients with respiratory motion artifact and not
suitable for the imaging protocol were excluded
and our study was completed with 44 patients.

CT Technique
A 64-detector MDCT scanner (Aquillion 64

Model TSX-101A, Toshiba Medical Systems,
Tochigi Japan Corporations, Tochigi, Japan) was
used in each patient using the following parame-
ters: kVP, 120; mA, 70; msec, 1000; thickness, 8
mm. Then, scout and standard non-contrast im-
ages were primarily obtained. Sections that in-
cluded mass were determined from the obtained
images. A total area of 3.2 cm was screened along
the Z axis. After determining the section position,
MDCT perfusion images were obtained by admin-
istering 81.65 g iomeprol equivalent to 40 g iodine
with a 100 ml 4 ml/sec flow rate through the ante-
cubital vein using an automatic injector (Ulrich
Medical, Chesterfield, MO, USA). The patients
were told to hold their breath or to breath superfi-
cially during the acquisition. Acquisition time was
40 to 60 seconds. The arterial structure in the sec-
tion where the mass was located was used as the

Figure 1. Colored perfusion map and ROI measurements of the peripheral mass (histopathological diagnosis: adenocarcino-
ma). A, BV value of the mass was measured as 10.2±0.8 ml/100 g. B, BF value of the mass was measured as 58.6±8.3 ml/100
g/min. C, MTT value of the mass was measured as 10.6±1.7 sec. D, TTP value of the mass was measured as 31.7±9.1 sec.
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and Mann-Whitney U test were used to compare
our variables in terms of diagnosis, localization,
necrosis and solidity. p < 0.05 was accepted as
statistically significant.

Results

The cases were primarily classified as SCLC and
NSCLC according to their cytological/histopatho-
logical diagnoses. The number of cases diagnosed
with SCLC was 13; the number of cases diagnosed
with NSCLC was 31. Of 31 patients with NSCLC,
11 were adenocarcinoma, 13 were squamous cell
carcinoma and 1 had large cell carcinoma. The
histopathological sub-typing of the remaining 6 pa-
tients with NSCLC could not be performed. Solid
and necrotic SCLC and NSCLC cases were evalu-
ated in two groups. 13 patients had a mass with
necrotic characteristics and 31 patients had a solid
mass. Lung masses observed on thorax CT were
evaluated after classifying them as central or pe-
ripheral. There were 10 patients with a peripheral
lung mass and 34 with a central mass.

The TTP values of SCLC and NSCLC cases
showed a normal distribution and no statistically
significant difference was found when compared.

BV, BF, and MTT values of SCLC and NSCLC
cases did not show a normal distribution and no
statistically significant difference was found
when compared (Table I).

No statistically significant difference was
found when the BV, BF, MTT and TTP values of
patients with a histopathological diagnosis of
adenocarcinoma, squamous cell carcinoma and
SCLC were compared (Table II).

The BF values of central and peripheral lung
cancers showed normal distribution and a statisti-
cally significant difference was found when they
were compared. No statistically significant dif-
ference was found for TTP values. The BV and
MTT values of central and peripheral lung can-
cers showed a normal distribution and a statisti-
cally significant difference was found when com-
pared (Table III).

TTP values of solid and necrotic lung cancers
showed a normal distribution and no statistically
significant difference was found when compared.
A statistically significant difference was found
when MTT values were compared (Table IV).
The BV and BF values for solid and necrotic
lung cancers did not show a normal distribution
and statistically significant difference was found
when compared (Table IV).

n BV BF MTT TTP

SCLC 13 5.87 ± 4.09 35.32 ± 19.32 10.17 ± 3.84 36.92 ± 13.53
NSCLC 31 6.83 ± 2.89 37,95 ± 16.9 11.23 ± 3.37 36.50 ± 11.47
p 0.217 0.529 0.487 0.917

Table I. Comparison of BF, BV, TTP and MTT values of the masses according to their SCLC and NSCLC diagnoses.

n BV BF MTT TTP

Adenocarcinoma 11 6.99 ± 2.81 39.12 ± 16.98 11.63 ± 3.19 38.69 ± 9.69
Squamous Cell Carcinoma 13 7.33 ± 3.4 31.77 ± 19.19 10.81 ± 3.54 31.77 ± 8.81
SCLC 13 5.67 ± 4.00 35.36 ± 18.56 9.91 ± 3.81 35.25 ± 14.42
p 0.367 0.878 0.695 0.185

Table II. Comparison of the masses according to their histological diagnoses and BF, BV, TTP and MTT average values.

n BV BF MTT TTP

Central 34 5.65 ± 2.96 30.45 ± 11.25 10.13 ± 3.01 35.71 ± 13.32
Peripheral 10 9.62 ± 2.34 60.05 ± 15.49 13.56 ± 3.91 39.71 ± 4.36
p 0.0001 0.0001 0.028 0.359

Table III. Comparison of central and peripheral masses according to their BF, BV, TTP and MTT average values.
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Discussion

Lung cancers rank first among cancer-related
deaths. They are responsible for 31% and 25% of
cancer-related deaths in males and females re-
spectively. The lung cancer related mortality rate
is higher than the total of the mortality rates re-
lated to colon, breast, and prostate cancers3. In
general, lung cancers are analyzed in two groups
as SCLC and NSCLC. SCLC cases make up ap-
proximately 16-20% of all lung cancers. SCLC
cases show a rapid spread from the beginning,
are considered widespread disease and are sensi-
tive to chemotherapy4,5.

NSCLC cases make up approximately 80% of
lung cancers. Many patients with NSCLC have ad-
vanced stage disease at diagnosis and the prognosis
continues to be very poor in these cases. Metas-
tases occur in course of the disease of more than
half of the patients suitable for curative resection6.

The most important factors in planning treat-
ment and determining the prognosis in lung can-
cer are cell type and staging. Survival is related
to the stage of the lung cancer and how early the
tumor is diagnosed7.

TNM staging has an important role in the de-
termination of surgical option, treatment protocol
and prognosis in patients with lung cancer. Tho-
rax CT is important in this staging8.

Despite all the new treatment models, control
of advanced stage disease is extremely difficult
in both lung cancer types. Studies on the molecu-
lar biology of lung cancer have accelerated in re-
cent years leading to accumulation of important
knowledge9.

Angiogenesis is necessary for tumor growth
and is one of the significant events in the neo-
plastic process10. Vascular endothelial growth
factor is the most important and most empha-
sized angiogenic molecule11. Most tumors are
neovascular when they are diagnosed12. There is
experimental and clinical evidence indicating
that angiogenesis facilitates both local spread and
distant metastasis of the tumor13. A tumor cell
needs to enter the vascular system, remain alive
in the circulation, stop at the microveins of the

target organ, exit the vascular system, grow in
the target organ and overcome various barriers to
stimulate angiogenesis in order to carry out
metastasis microveins, exit vascular system,
grow in the target organ and overcome barriers
such as stimulate angiogenesis in order to carry
out metastasis14,15. Clinical indicators show that
metastasis characteristics of the tumor depend on
the extent of the angiogenesis16.

The importance of tumor angiogenesis in tu-
mor staging has attracted the attention of the ra-
diological community. Increase in MVD causes
tumor perfusion in vivo and an increase in blood
volume in the tumor as indicated by the BV para-
meter17,18.

CT is still the primary imaging method in on-
cology. Malignant and benign lesion differentia-
tion is difficult in many patients with a solitary
pulmonary nodule in the lung. Swenson et al19,20
found a correlation between PEI in CT and the
histopathologic MVD values of the masses in be-
nign and malignant SPNs. They found 98% sen-
sitivity and 58% specifity values in malignant
and benign SPN differentiation in another classi-
fication with increased number of the patients.

Zhang et al21 evaluated blood flow in SPNs with
dynamic CT study and obtained similar results.

Miles et al22 found higher perfusion parameters
and a serious correlation between these values and
FDG uptake in advanced stage lung cancers.

Li et al23 studied PEI, TTP and BV values in
their first perfusion CT study on total of 77 pa-
tients with solitary pulmonary nodules of whom
46 were malignant, 22 benign and 9 active in-
flammatory non-calcified. The PEI and BV val-
ues in benign SPNs were found to be lower than
in malignant and active inflammatory SPNs. This
study emphasized that the differentiation of be-
nign and malign lesions could be made using per-
fusion studies performed with MDCT. Perfusion
parameters were evaluated with MDCT in anoth-
er study on 97 patients with histopathologically
proven peripheral lung carcinoma with a size of 5
cm at most. No statistically significant difference
was found between lesion histopathological types
and the PEI, TTP and BV parameters in the study.

n BV BF MTT TTP

Necrotic 13 5.40 ± 2.32 29.23 ± 11.72 10.04 ± 1.55 39.28 ± 8.75
Solid 31 7.03 ± 3.51 40.51 ± 18.52 11.28 ± 4.02 35.50 ± 13.03
p 0.006 0.049 0.289 0.346

Table IV. Comparison of solid and necrotic masses according to their BF, BV, TTP and MTT average values.
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However, perfusion values of peripheral lung car-
cinomas with distant metastasis were higher than
lesions without metastasis. The study concluded
that perfusion evaluation with the 64-detector CT
was a valuable method in the evaluation of pe-
ripheral lung cancers and it was possible that it
was associated with tumor size and metastatic le-
sion perfusion parameters in lung cancer24.

BF values measured from the lesions diag-
nosed as squamous cell carcinoma were found to
be higher than the lesions diagnosed with adeno-
carcinoma in a study performed in 24 patients
with NSCLC, and perfusion CT was emphasized
to be a useful method in NSCLCs at the end of
the study25.

We found no statistically significant difference
between the perfusion parameters according to
the histopathological types of the patients with
lung cancer.

Ng et al26 measured tumor permeability and
BV values in tumor masses of 10 mm and 40 mm
along the z axis with 16-detector CT in 10 pa-
tients with histopathologically confirmed
NSCLC in a study they conducted and examined
the change and repeatability in the perfusion val-
ues in both groups. The results obtained from the
of 40 mm tumor section in the z-axis were ob-
served to be more accurate and to provide much
clearer results in terms of reproducibility of the
analysis at the end of the study. We performed
our study using a region of 32 mm along the z
axis of the tumors in our study.

Kiesling et al27 investigated the perfusion and
PEI values with MDCT in their study on 24 pa-
tients with bronchial lung carcinoma and they
found the mean perfusion values lower with larg-
er tumor volume when they classified these val-
ues according to the size, localization and
histopathological types of the lesions. They also
found the perfusion values of the centrally locat-
ed lesions to be lower than the peripheral lesions.
However, no significant difference was found be-
tween the PEI values of peripheral and centrally
located lesions. No statistical significant differ-
ence was found between the patients with SCLC
and NSCL in terms of perfusion parameters.

We also found no statistically significant dif-
ference regarding the perfusion parameters ac-
cording to the histopathological type of the lung
cancers in our study. Perfusion values were sta-
tistically significantly higher in peripheral lung
masses than central masses in our study.

A strong washout was observed in cavitary le-
sions caused by malignancy in a perfusion CT

study with 53 masses with cavitary lesions. CT
obtained from the cavitary lesions was suggested
to be insufficient by itself and the use of perfusion
CT in addition to thorax CT was recommended for
the differential diagnosis of cavitary lesions28.

We made measurements by placing ROI in 3
different regions of solid sections that were not
necrotic in masses with a necrotic cavity in our
study, avoiding the regions of necrosis as much
as possible.

Fraioli et al29 evaluated the perfusion CT para-
meters before chemotherapy and anti-angiogenic
treatment and 40t and 90 days later in 45 patients
with a histopathologically proven unresectable
adenocarcinoma in their study and found the BF,
BV and PS values of tumors that respond to
treatment to be higher. Perfusion CT is empha-
sized as an alternative method in the evaluation
of cancer angiogenesis and is reported to be ef-
fective in guiding the treatment.

Despite several studies suggesting that perfu-
sion CT can be used effectively for cancer angio-
genesis, doubts exist regarding the quantitative
values of perfusion parameters measured from
tumors. Goh et al30 analyzed the BV and perme-
ability values in 44 patients with colorectal can-
cer with two different methods. They found dif-
ferent results from the methods for tumor vascu-
larity and emphasized that it was not possible to
use different methods interchangeably for perfu-
sion CT applications.

Higher perfusion parameter values in high-
grade and metastasizing tumors in perfusion CT
and higher sensitivity to radiotherapy and
chemotherapy of tumors with high perfusion
values in the literature suggest that MVD and
tumor neovascularization are higher in peripher-
al and solid lung masses.

Conclusions

First-pass perfusion CT is a rapid, and easy
applicable method for lung cancers. The non-in-
vasive evaluation of tumor perfusion by first-
pass perfusion CT in lung cancers provides valu-
able information about tumor angiogenesis.
However, we believe that peripheral and solid
lung cancers will benefit more from treatments
such as anti-angiogenetic drugs, radiotherapy and
chemotherapy than central and necrotic lung can-
cers and that perfusion CT will play a greater
role in the evaluation of the efficiency of these
treatments in the future.

I.O. Yildirim, T. Baysal, M.R. Celik



–––––––––––––––––––-––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) RYDBERG J, BUCKWALTER KA, CALDEMEYER KS, PHILLIPS

MD, CONCES DJ JR, AISEN AM, PERSOHN SA, KOPECKY

KK. Multisection CT: scanning techniques and
clinical applications. Radiographics 2000; 20:
1787-1806.

2) KAMBADAKONE AR, SAHANI DV. Body perfusion CT:
technique, clinical applications, and advances.
Radiol Clin North Am 2009; 47: 161-178.

3) JEMAL A, THOMAS A , MURRAY T, THUN M. Cancer sta-
tistics, 2002. CA Cancer J Clin 2002; 52: 23-47.

4) LANDIS SH, MURRAY T, BOLDEN S, WINGO PA. Cancer,
statistics, 1998. Cancer J Clin 1998; 48: 6-48.

5) HOFFMAN PC, MAUER AM, VOKES EE. Lung Cancer.
Lancet 2000; 355: 479-485.

6) SPIGEL DR, GRECO FA. Chemotherapy in metastatic
and locally advanced non small cell lung cancer.
Semin Surg Oncol 2003; 21: 98-110.

7) READ C, JANES S, GEORGE J, SPIRO S. Early lung can-
cer: screening and detection. Prim Care Respir J
2006; 15: 332-336.

8) DILSAT ÖZKÖK, KORAY DURAL, NILGU ̈N YILDIRIM, DOGAN

DEDE, BU ̈LENT KOÇER, ÜNAL SAKINCI, AKCIGER

KANSELERINDE TORAKS BT. ile Belirlenen Klinik
Evrelemenin Patolojik Evreleme ile Karsılastırıl-
ması, Bidder Tıp Bilimleri Dergisi 2010, Cilt: 2,
Sayı: 4-5-10.

9) RISAU W. Mechanisms of angiogenesis. Nature
1997; 386: 671-674.

10) ROSEN LS. Clinical experience with angiogenesis
signalling inhibitors: focus on vascular endothelial
growth factor (VEGF) blockers. Cancer Control
2002; 9: 36-44.

11) FOLKMAN J. Angiogenesis and angiogenesis inhibi-
tion: an overview. EXS 1997; 79: 1-8.

12) PEPPER MS, MONTESANO R. Proteolytic balance and
capillary morphogenesis. Cell Differ Dev 1990;
32: 319-318.

13) WEINSTAT-SASLOW D, STEEG PS. Angiogenesis and
colonisation in the tumor metastatic process: basic
and applied advances. FASEB J 1994; 8: 401-407.

14) NICOISA RF, TCHAO R, LEIGHTON J. Interactions be-
tween newly formed endothelial channels and
carcinoma cells in plasma clot culture. Clin Exp
Metastasis 1986; 4: 91-104.

15) LIOTTA LA, SAIDEL MG, KLEINERMAN J. The significance
of hematogenous tumor cell clumps in the metasta-
tic process. Cancer Res 1976; 36: 889-884.

16) MOSCATELLI D, GROSS JL, RIFKIN DB. Angiogenic fac-
tors stimulate plasminogen activator and collage-
nase production by capillary endothelial cells (ab-
stract). J Cell Biol 1981; 91: 201.

17) BRAWER MK, DEERINGS RE, BROWN M, PRESTON SD,
BIGLER SA. Predictors of pathologic stage in pro-
static carsinoma. The role of neovascularity Can-
cer 1994; 73: 678-687.

18) FONTANINI G, LUCHINI M, VIGNATTI S, MUSSI A, CIA-
RDIELLO F, DE LAURENTIIS M, DE PLACIDO S, BASOLO F,
ANGELETTI CA, BEVILACQUA G. Angiogenesis as a
prognostic indicator of survival in non-smal cell
lung carsinoma: a prospective study. J Natl Can-
cer Inst 1997; 89: 881-886.

19) SWENSON SJ, BROWN LR, COLBY TV, WEAVER AL,
MIDTHUN DE. Lung enhancement at CT: prospec-
tive findings. Radiology 1996; 201: 447-455.

20) SWENSON SJ, WIGGIANO RW, MIDTHUN DE, MÜLLER

NL, SHERRICK A, YAMASHITA K, NAIDICH DP, PATZ EF,
HARTMAN TE, MUHM JR, WEAVER AL. Lung nodule
enhancement at CT: multicenter study. Radiology
2000; 214: 73-80.

21) ZHANG M, KONO M. Solitary pulmonary nodules:
evaluation of blood flow patterns with dynamic
CT. Radiology 1997; 205: 471-478.

22) MILES KA, GRIFFITHS M, KEITH CJ. Blood flow-meta-
bolic relationships are dependent on tumour size
in non-small cell lung cancer: a study using
quantitative contrast-enhanced computer tomog-
raphy and positron emission tomography. Eur J
Nucl Med Mol Imaging. 2006 ;33(1):22-8.

23) LI Y, YANG ZG, CHEN TW, JU JQ, SUN JY, CHEN HJ.
First pass perfusion imaging of solitary pulmonary
nodules with 64-detector row CT: comparison of
perfusion parameters of malignant and benign le-
sions. Br J Radiol 2010; 83: 785-790.

24) LI Y, YANG ZG, CHEN TW, CHEN HJ, SUN JY, LU YR. Pe-
ripheral lung carcinoma: correlation of angiogene-
sis and first-pass perfusion parameters of 64-detec-
tor row CT. Lung Cancer 2008; 61: 44-53.

25) OVALI GY, SAKAR A, GOKTAN C, CELIK P, YORGANCIOGLU

A, NESE N, PABUSCU Y. Thorax perfusion CT in non-
small cell lung cancer. Comput Med Imaging
Graph 2007; 31: 686-691.

26) NG QS, GOH V, KLOTZ E, FICHTE H, SAUNDERS MI,
HOSKIN PJ, PADHANI AR. Quantitative assessment of
lung cancer perfusion using mdct: does measure-
ment reproducibility improve with greater tumor
volume coverage? AJR Am J Roentgenol 2006;
187: 1079-1084.

27) KIESSLING F, BOESE J, CORVINUS C, EDERLE JR, ZUNA I,
SCHOENBERG SO, BRIX G, SCHMÄHL A, TUENGERTHAL S,
HERTH F, KAUCZOR HU, ESSIG M. Perfusion CT in pa-
tients with advanced bronchial carcinomas: a
novel chance for characterization and treatment
monitoring? Eur Radiol 2004; 14: 1226-1233.

28) LEE YH, KWON W, KIM MS, KIM YJ, LEE MS, YONG SJ,
JUNG SH, CHANG SJ, SUNG KJ. Lung Perfusion CT:
The differentiation of cavitary mass. Eur J Radiol
2010; 73: 59-65.

29) FRAIOLI F, ANZIDEI M, ZACCAGNA F, MENNINI ML, SERRA

G, GORI B, LONGO F, CATALANO C, PASSARIELLO R.
Whole-tumor perfusion CT in patients with ad-
vanced lung adenocarcinoma treated with con-
ventional and antiangiogenetic chemotherapy: ini-
tial experience. Radiology 2011; 259: 574-582.

30) GOH V, HALLIGAN S, BARTRAM CI. Quantitative tumor
perfusion assessment with multidetector CT: are
measurements from two commercial software
packages interchangeable? Radiology 2007; 242:
777-782.

2395

The evaluation of MDCT and quantitative first-pass perfusion in lung cancers


