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Summary 
Computed tomography (CT) perfusion is a CT examination modality 
that enables visualization and non-invasive quantitative assessment 
of tissue perfusion. Application of CT perfusion in oncology enables 
non-invasive detection and quantification of neo-angiogenesis (i. e., 
pathological vascularization) in various malignant tumors. Based on 
the values of CT perfusion parameters, it is possible to distinguish 
neoplastic from healthy tissue, malignant from benign tumors, highly 
aggressive from low-aggressive tumors, and good from poor tumor 
response to oncological therapy. The basic principle of low-dose CT 
perfusion is to repeatedly scan the selected region where the tumor 
is located, using reduced tube voltage and current, at short time in-
tervals after intravenous administration of a small bolus of iodine 
contrast by an automatic injector at a high flow rate. Using different 
kinetic-mathematical models allows measurement of certain tissue 
perfusion parameters, including: blood flow (BF), circulating blood 
volume (BV), mean transit time (MTT), and vascular permeability (PS 
or K trans). While results from different CT perfusion software are not 
comparable, the standardized perfusion value (SPV) is a universal 
semi-quantitative indicator of tissue perfusion that is independent 
of the CT perfusion algorithm and can be easily calculated without 
commercial CT perfusion software. While BF, BV, and PS values are 
significantly higher in the majority of high-grade malignant tumors 
compared to low-grade or benign tumors or healthy tissue, MTT is of-
ten lower in high-grade tumors. A significant decline in CT perfusion 
parameter values is a marker of a good response of the neoplasm to 
the oncological therapy.
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INTRODUCTION

Computed tomography (CT) perfusion, i.e., DCE-CT 
(dynamic contrast-enhanced computed tomography), is 
an imaging modality that enables non-invasive quantita-
tive assessment of tissue perfusion, thereby introducing 
functional diagnostic elements into morphological imag-
ing (1-4). Repeated CT scanning of the selected region 
after intravenous administration of an iodine contrast 
agent at a fixed time interval enables dynamic monitor-
ing of contrast enhancement in blood vessels and tissues. 
After applying certain mathematical algorithms, which 
can be incorporated into commercial or freely available 
CT perfusion software, the perfusion of all tissues in the 
scanned region can be determined (1-7).

The clinical application of CT perfusion was devel-
oping in two directions: the diagnosis of ischemic lesions 
and oncologic diagnosis (1-12). In the diagnosis of isch-
emic lesions, the role of CT perfusion is to discriminate 
necrosis, an irreversible consequence of ischemia, from 
the surrounding reversible zone of ischemia (penumbra) 
(2, 7-12). It is used to assess the volumes of necrosis and 
penumbra in ischemic lesions of the brain, heart, and pan-
creas in acute pancreatitis (7-12). 

The application of CT perfusion in oncology diagnos-
tics enables the non-invasive detection and quantification 
of neovascularization (i.e., pathological vascularization) 
in various malignant tumors (1-5). In this review, we pres-
ent how to incorporate CT perfusion into the diagnostic 
process for oncological patients, along with its strengths 
and limitations. With certain limitations that should be 
overcome, CT perfusion is ready for clinical use in onco-
logic imaging. 

METHODOLOGY

For this narrative review, we searched the PubMed data-
base for studies on the use of CT perfusion in oncology 
diagnostics published in English between 1980 and 2025. 

CT PERFUSION IN ONCOLOGY

History and development of CT perfusion 

In 1980, Leon Axel was the first to propose a method of 
quantitative assessment of blood f low in brain tissue by 
CT (13). This technique was based on continuous mon-
itoring of changes in tissue density during and after in-
travenous administration of iodine contrast medium (13, 
14). In 1993, Miles et al. published the first paper on the 
extra-cerebral application of CT perfusion in the assess-
ment of liver perfusion (15). Due to the technical limita-
tions of the first generations of CT machines, including 
long scanning times per section and the ability to repeat-
edly scan only one section, the CT perfusion technique 
was widely adopted only with the advent of the new gen-
eration of CT. The introduction of spiral single-slice CT 
enabled satisfactory scanning speeds (e.g., one slice per 
second) for reliable monitoring of post-contrast tissue 
attenuation dynamics. However, repeated scanning was 
still limited to a maximum of 10 mm-thick slices per rota-
tion, which usually covers only a small part of the tumor 
(1-4). The introduction of a new generation of multi-de-
tector CT (MDCT) devices into clinical practice enabled 
visualization of tumor perfusion throughout the tumor or 
even the whole organ, depending on the number of CT 
detectors (Table 1) (1-5).

Type of CT 64-MDCT 
(LightSpeed, GE) 

(16, 26, 60-63)

64-MDCT
(Aquilion, Toshiba)

(45, 59)

128-MDCT 
(Aquilion, Toshiba)

(74)
Mode Cine Cine Axial (Intermittent)
Slice thickness 5 mm 8 mm 5 mm
No of slices 8 4 32
Z-axis coverage 40 mm 32 mm 160 mm
Repetition time 1 s 2 s 1 s/2 s/3 s/5 s

(wait: 6.5, 2.5, 4.5 s)
Scan duration 50 s 50 s 64 s
No of series 50 21 21 (1/9/6/5)
Total No of images 400 104 672
Scan delay 5 s 5 s 7 s
Breathing Free Free Breath holding
Tube voltage 80 kV 100 kV 100 kV
Tube current 40 mAs 50 mAs 30 mAs
Volume of contrast
(350 or 370 mg I/ml) + 9% NaCl 50 + 50 ml 50 + 50 ml 50 + 50 ml

Flow rate ≥4 ml/s ≥4 ml/s ≥4 ml/s
Effective dose of radiation 2.84 mSv 4.45 mSv 10.68 mSv

Table 1. CT perfusion protocols on different CT scanners

Abbreviations: MDCT - multi-detector computed tomography; mm - millimeters; s - seconds; kV - kilovolts; mAs - milliamperseconds;  
ml - milliliters; mSv - milliSiverts; I - iodine; NaCl - sodium chloride
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CT perfusion technique

CT perfusion involves repeated scanning of a selected 
region where the tumor is located at short time intervals 
(1-2 s), for at least 45-50 s, after intravenous administra-
tion of a bolus of iodine contrast by automatic injector 
with a high f low rate (Table 1) (1-4). Before the contrast 
is injected, a non-contrast low-dose image limited to the 
tumor region is obtained to plan the CT perfusion study. 
The volume of the scanned region, the repetition time, 
and the f low rate are determined by the technical capabil-
ities of the CT scanner and available CT perfusion soft-
ware (Table 1) (1-4). 

Analysis of the CT perfusion study 

The analysis of a CT perfusion study always begins by 
placing a circular ROI (region of interest) in the center of 
the largest adjacent arterial blood vessel, whereby an arte-
rial time-density curve is automatically obtained, which 
shows the dynamics of the density change in the artery as 
a function of time (Figure 1a, c). At the same time, a CT 
perfusion parameter map is obtained for the entire scanned 
volume (Figure 1e-h). The tumor’s outer borders are then 
drawn using a freehand or oval ROI. Usually, another ROI 
is placed in the region of adjacent healthy tissue of the or-
gan from which the tumor originated, or another reference 
organ or tissue (most often the skeletal muscle) (Figure 
1b). Thus, quantitative values for all available CT perfu-
sion parameters of the tumor and the reference healthy tis-
sue are presented on the reconstructed view of each con-
secutive section within the scanned volume (Figure 1e-h). 

The reconstructed view of each section (reference image) 
is a fused, unified view of all cross-sections sequentially 
scanned over a given time at the same coordinate range, 
obtained by software reconstruction that corrects artifacts 
caused by patient movement and breathing (Figure 1b). 
After marking the ROI of the tumor and reference healthy 
tissue, an arterial, tumor, and healthy tissue time-density 
curve is obtained, which shows the dynamics of changes in 
density in the artery, tumor, and reference healthy tissue as 
a function of time in the same coordinate system (Figure 
1c, d). At the same time, automatically calculated values of 
perfusion parameters for each marked ROI of tumor and 
reference healthy tissue (mean value and SD) are displayed 
on already existing perfusion maps (Figure 1e-h).

CT perfusion parameters

By applying several kinetic-mathematical models, vari-
ous software for CT perfusion were developed, which al-
lowed the measurement of the following tissue perfusion 
parameters (Figures 1-5) (1-4):

Blood f low (BF): blood f low rate per unit volume or 
mass of tissue [ml/min/100ml] 

Blood volume (BV): volume of circulating blood per 
unit volume or mass of tissue [ml/100ml] 

Mean transit time (MTT): the average time for the 
contrast to pass through the tissue vascular network [s] 

Capillary permeability surface area product (PS): the 
ratio of the diffusion rate of the contrast medium through 
the capillary endothelial and the total surface area of the 
capillary endothelial [ml/min/100ml] (Deconvolution 
kinetic model)

Figure 1. Analysis of the CT perfusion study: a) A CT image of the suspected tumor in the body of the pancreas and dot ROI in the abdominal 
aorta (blue) b) Th e reference image of the corresponding cross section of the CT perfusion study with the freehand ROIs in the tumor (green) 
and surrounding healthy pancreatic tissue (violet) c) Th e arterial, tumor and healthy pancreatic tissue time-density curve d) Th e table view of 
the arterial, tumor and healthy pancreatic tissue time-density curve e) BF f) BV g) MTT  e) PS (Images are author’s work and writt en informed 
consent for publishing their anonymous images was obtained from a patient)
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Blood f low extraction product (EF, K trans): rate of 
one-way capillary diffusion of contrast medium from in-
travascular to extravascular space [ml/min/100ml] (Pat-
lak’s kinetic model).

Kinetic and mathematical models 

The arterial, tumor, and healthy tissue time-density 
curves precisely show the change in density, i.e., the time 
dynamics of post-contrast attenuation in the artery and 
selected tissues (ROI) (Figure 1a). Thus, the formation 
of the time-density curves is always the first step in the 
analysis of a CT perfusion study, regardless of the kinetic 
model used in subsequent analysis. The three basic pos-
tulates of CT perfusion are that 1) the concentration of 
iodine inside the blood vessels and tissues is linearly pro-
portional to the resulting increase in attenuation, so the 
change in attenuation per unit of time can be analyzed us-
ing standard kinetic models by pixel-by-pixel calculations 
and displayed with color perfusion maps, 2) the contrast 
agent is distributed into intra-vascular and extravascu-
lar compartments, which gives rise to the possibility of 
calculating different physiological parameters that can 
be measured, and 3) the pharmacokinetic distribution 
of the contrast in two compartments (intra-vascular and 
extravascular) determines the aspects of vascular phys-
iology that can be assessed by DCE-CT (1-4). Based on 
these postulates, three kinetic models are constructed 
to approximate tissue perfusion physiology and used in 
commercially available CT perfusion software.

Single-(One)-compartmental model (Maximum 
slope, Fick Principle): is the simplest kinetic model that 
takes into account only the intravascular compartment 
and the so-called “perfusion phase” that lasts for a time 
interval of about 45 s from the beginning of the contrast 
injection. It is based on Fick’s principle, which approxi-
mates that the intravascular and extravascular spaces rep-
resent a single compartment (1-4). This is reliable only 
during the first pass of the contrast through the arterial 
and capillary blood vessels of the tissue, i.e., before the 
appearance of contrast in venous blood vessels. Since this 
kinetic model is limited to the “first pass” of the contrast 
through the arterial and capillary circulations, it enables 
quantification of only three tissue perfusion parameters: 
BF, BV, and MTT. BF is calculated according to the for-
mula: maximum slope of tissue enhancement divided by 
peak arterial enhancement (1-4). For a correct assessment 
of perfusion using this model, the peak arterial enhance-
ment must precede the peak tissue enhancement in time, 
as confirmed on the arterial-tissue time-density curve. 
This prerequisite is achieved by injecting a small amount 
of iodine contrast at a high speed (45-50 ml of contrast, 
f low 5-7 ml/s). 

Two-compartmental model: calculates the BF value 
using the Maximum slope method. However, BV and K 
trans are calculated by using Patlak’s (two-compartment) 

model (1-4). This kinetic model implies the existence of 
two separate compartments: intravascular and extravas-
cular (extracellular, i.e., interstitial space), and is based 
on the assumption that the contrast moves exclusively in 
one direction: from the intravascular to the extravascular 
space (1-4). The return f lux of contrast from the intersti-
tial to the venous system is ignored in this kinetic model. K 
trans, as an indicator of capillary permeability in Patlak’s 
kinetic model, represents the rate of one-way capillary 
diffusion of contrast from the intravascular to the extra-
vascular space (1-4). For the calculation of K trans in this 
kinetic model, after the perfusion phase (0-45 s, at short 
scanning intervals of 1-2 s), an additional scanning lasting 
15-30 s, in longer time intervals of up to 5 seconds, is rec-
ommended, which adds another 3-6 perfusion series (1).

Deconvolution model (Johnson-Wilson model, Dis-
tributed parameter model with adiabatic approximation 
of tissue homogeneity): takes into account the change in 
the contrast concentration gradient in the intra-vascular 
space (capillaries) for calculation the BF, BV and MTT as 
it assumes that the contrast concentration decreases lin-
early on the way from the “arterial inlet” to the “venous 
outlet” (1-4). PS is calculated by extending the deconvo-
lution model, using the so-called “distributed parameter 
model”, which considers the return f lux of contrast me-
dium from the interstitial space to the capillaries (1-4). 
Thus, capillary permeability surface area product (PS) in 
this kinetic model represents the ratio of volume of con-
trast that diffuse through the capillary endothelial mem-
brane and the total surface area of the capillary wall, tak-
ing into account two-way diffusion: extravasation from 
the capillaries into the interstitial space and “return” of a 
part of the contrast from the interstitial space to the capil-
laries. For reliable calculation of PS in this kinetic model, 
after the perfusion phase (0-45 s, at intervals of 1-2 s), an 
additional scanning lasting 90 s (interstitial phase) is rec-
ommended, in less frequent time intervals, typically ev-
ery 10-15 s, which adds another 6-9 perfusion series (1). 

Concordance in quantitative perfusion parameters 
derived from multiple kinetic models and software

Significantly lower values of BF and higher values of BV 
for the same types of cancer can be obtained by applying 
the Maximum slope CT perfusion algorithm, compared 
to the algorithm based on the deconvolution kinetic 
model (16, 18-20). Different values of perfusion param-
eters for the same tumor can be obtained using different 
versions of the same commercially available CT perfu-
sion software, for example, GE Perfusion version 3.0 and 
4.0 (17) (Figure 2a-h). 

The most reliable CT perfusion algorithm might be 
assessed by comparing CT perfusion with direct mea-
surement of oxygenation using a microprobe placed in 
the tissue of interest (21). 
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To address inconsistencies in quantitative perfusion 
parameter values calculated with different CT perfusion 
software, Miles and colleagues proposed calculating the 
standardized perfusion value (SPV) (22). SPV represents 
a universal semi-quantitative indicator of tissue perfu-
sion, proposed to simplify and unify CT perfusion mea-
surements and enable comparison of perfusion and me-
tabolism in tumors (22-26). Calculation of SPV, which 
represents tissue perfusion normalized to whole-body 
perfusion, was performed using the standardized uptake 
value (SUV) of 18-FDG, a widely used nuclear medicine 
metric (23). SPV, like SUV, is calculated according to a 
formula that considers only the peak tissue enhancement 
(PTE) from the time-density curve of a CT perfusion se-
ries (Figure 1c-d) and the patient’s body mass (22, 26). 
The value of the constant, which is also included in the 
formula, depends on the tube voltage, volume, and iodine 
contrast concentration used (22, 26). The SPVs of lung, 
colorectal, breast, and esophageal cancer were reported 
in the literature (22-26). The SPV of esophageal carcino-
ma was significantly higher than that of skeletal muscle, 
which served as a control (26). The same was demonstrat-
ed for quantitative CT perfusion measurements, which 
proves the validity of SPV in discriminating between 
neoplastic and healthy tissue (22-26). Similarly, since 
it was reported that the CT perfusion parameter values 
positively correlated with the tumor MVD (27), the same 
may be assumed for the SPV. A cut-off value of SPV of 2.5 
discriminates esophageal neoplasm from healthy muscu-
lar tissue with superior accuracy (26), which corresponds 
with the same cut-off value of SUV that is commonly 
used to distinguish malignant from benign lesions (25). 
Available reports also present that the SPVs of esophageal 

carcinoma and lung carcinoma are comparable (22, 23, 
26). In brief, the SPV is a promising semi-quantitative in-
dicator of tissue perfusion, independent of CT perfusion 
software, and can be easily calculated in everyday prac-
tice from the data in the time-density curve. 

Spectrum of application of the CT perfusion in 
cancers 

The goal of CT perfusion in cancer imaging is to display 
and quantify tumor vascularization using the spectrum 
of available perfusion parameters.   Pathological vascular-
ization of malignant tumors is based on neo-angiogenesis 
(28-30). Neo-angiogenesis plays a significant role in the 
growth and metastasis of malignant tumors, as well as in 
the response of malignant tumors to therapy (29). His-
topathological analysis of the tumor, however, primarily 
focuses on the histological structure of the malignant tu-
mor itself rather than its vascularization. A more detailed 
analysis of the tumor vasculature was made possible by 
immunohistochemical labeling of endothelial cells with 
monoclonal antibodies against CD31, CD34, or factor 
VIII (27). This enables counting, i.e., assessing the densi-
ty of blood vessels whose endothelial cells have previous-
ly been immunohistochemically marked, within a given 
(micro)volume of the tumor: micro vessel density (MVD) 
(27, 31). Histological evaluation of MVD is therefore lim-
ited to only a few biopsy samples or surgical specimens, in 
which blood vessels within the tumor are counted at high 
magnification in the so-called hot-spot zones of densest 
(neo)vascularization (27, 31). However, the use of CT per-
fusion on modern MDCT devices enables visualization 
and quantification of the perfusion of the entire tumor.

Figure 2. CT perfusion parameter values (BF, BV, MTT  and PS) of the same tumor of the rectum (adenocarcinoma) aft er the neoadjuvant 
chemo-radiotherapy (violet) and neighboring skeletal muscle (green), obtained by two versions of the deconvolution- based commercial CT 
perfusion soft ware: (a-d) GE Perfusion 3.0 (e-h) GE Perfusion 4.0 (Images are author’s work and writt en informed consent for publishing 
their anonymous images was obtained from a patient)



6 |

Medicinska istraživanja 2026

Difference in perfusion parameters of malignant 
tumors and healthy tissue 

Compared with the reference healthy tissue, the values of 
BF, BV, and PS are significantly higher, and MTT is short-
er in malignant tumors (26, 33-35). Reference healthy 
tissue can represent a healthy part of the organ from 
which the tumor originates (the wall of the esophagus, 
stomach, rectum above or below the level of the tumor, 
lymph nodes, or the parenchymal organs such as liver, 
pancreas, kidneys) (Figure 1) (26, 32, 35). Alternatively, 
adjacent skeletal muscle was used as a reference healthy 
tissue sample (26, 33). The values of BF, BV, and PS are 
significantly higher. MTT is shorter in the tissue of hypo-
pharyngeal, esophageal, stomach, and rectal cancer com-
pared to the tissue of the adjacent skeletal muscle, which 
ref lects the morphological and functional differences of 
the pathological, i.e., neo-vascularization and vascular-
ization of healthy tissue (26, 33, 35) (Figures 2-5). In 
neoplastic tissue, the vascular network is on average dens-
er than in healthy tissue (30-32). Blood vessels are chaot-
ically distributed and of uneven density, tortuous, fragile, 
and hyper-permeable (due to the presence of inter-endo-
thelial cavities and intracellular pores, interrupted base-
ment membrane, and absence of smooth muscle cells 
and pericytes in the wall). Arterio-venous (AV) shunts 
are frequent. Some blood vessels are blindly closed (30, 
31, 38, 39). Due to the haphazard structure and architec-
ture of the neo-vasculature, blood f low is uneven, from 
accelerated through AV shunts, slowed through tortuous 
blood vessels, and absent or reversed in blind or collapsed 
blood vessels, as ref lected by the marked heterogeneity of 
the tumor on CT perfusion (Figure 3a-h). The collapse 
of newly formed blood vessels in the neoplasm is caused 

by increased pressure in the interstitial space due to the 
transfer of macromolecules and blood elements from 
the intravascular to the intercellular space through the 
hyperpermeable wall of blood vessels (39). This causes 
regional hypoxia within the tumor, despite a denser vas-
cular network (on average, a higher MVD than in healthy 
tissue) (31, 39). In contrast, in healthy tissue, blood ves-
sels are of uniform density and diameter, regularly dis-
tributed in a specific pattern that is repeated throughout 
the organ (30). 

How do the structural and functional characteristics 
of neo-angiogenesis ref lect on the quantitative value of 
CT perfusion parameters? The density, course, and width 
of the opened-lumen blood vessels determine blood f low, 
i.e., perfusion. BF is therefore considered the main indi-
cator of tissue oxygenation (1-4, 39). Blood volume (total 
volume of circulating blood in blood vessels) is deter-
mined primarily by the density of blood vessels in the 
tissue (1-4, 39). Several studies have shown a significant 
correlation between MVD and CT perfusion parameters 
of various malignant tumors, primarily BV (27, 39-42).

In contrast, two studies related to adenocarcinoma of 
the stomach and colon found no correlation between BF 
and MVD (38, 40). Permeability surface area product pri-
marily depends on the permeability of the vascular wall, 
as well as on the total volume (density) of blood vessels in 
the tissue (1-4, 29). Mean transit time is determined by 
the shape and width of the lumen of the blood vessels, as 
well as the pressure in the interstitial space (1-4, 29). In 
most types of neoplasms, all perfusion parameters, except 
MTT, are, on average, significantly higher than in refer-
ence healthy tissue (1-4, 29). One exception is pancreatic 
tissue, in which higher perfusion parameter values were 
measured compared with pancreatic adenocarcinoma 

Figure 3. Perfusion heterogeneity in the same tumor (esophageal SCC) presented by the CT perfusion study: (a-h) BV of esophageal carci-
noma and neighboring skeletal muscle on eight consecutive 5 mm-thick cross-sectional images (Images are the author’s work, and writt en 
informed consent for publishing their anonymous images was obtained from the patient)
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(Figure 1e-h) (43-45). This discrepancy may be related 
to the rich vascularization of the pancreatic tissue itself 
and to the pronounced desmoplastic reaction, i.e., intra-
tumoral fibrosis, in pancreatic adenocarcinoma. Thus, 
intratumoral blood vessels are compressed by fibrosis, 
which explains the lower values of BF, BV, and PS in this, 
the most common malignant tumor of the pancreas, 
compared with the surrounding healthy pancreatic tissue 
(Figure 1e-h) (43-45).

Differentiation of malignant from benign tumors

In a large number of studies, it has been shown that malig-
nant tumors and benign lesions of the same organ differ 
in CT perfusion parameters, allowing their non-invasive 
discrimination (36, 48-52). In parotid tumors, it has been 
reported that malignant tumors have significantly higher 
BF, BV, and PS than benign tumors (36). For lung nod-
ules, which are a very frequent finding and a diagnostic 
challenge in everyday radiological practice, significantly 
higher BF and PS values for lung cancer compared to be-
nign lung nodules have been reported, allowing reliable 
differentiation of these lesions (48, 49). Similar results 
were obtained for differentiating RCC from lipid-poor 
renal angiomyolipoma based on differences in CT per-
fusion parameters BV, BF, and PS (50). It is also possible 
to differentiate metastatic from intact cervical lymph 
nodes in patients with cancer of the larynx and hypo-
pharynx based on significantly higher values of BF, BV, 
and PS (51), as well as in patients with cancer of the oral 
cavity based on a significantly shorter MTT in metastatic 
lymph nodes (52).

Non-invasive assessment of the degree of differ-
entiation of neoplasms    

Another role of CT perfusion in oncological imaging is 
the possibility of non-invasive differentiation of high-
ly aggressive high-grade i.e. poorly differentiated, from 
low-grade i.e. well-differentiated neoplasms based on CT 
perfusion parameter values, which has been shown for 
different types of malignant tumors: gastric cancer (42), 
rectal cancer (53), pancreatic adenocarcinoma (45, 54-
56), hepatocellular carcinoma (57), renal cell carcinoma 
(46), neuroendocrine neoplasm (58) and gastrointestinal 
stromal tumor (59). For all the aforementioned malignant 
tumors, except pancreatic adenocarcinoma, it was shown 
that higher values of perfusion parameters, except MTT, 
were quantified in poorly differentiated i.e., high-grade 
tumors compared to well-differentiated ones, which is 
a consequence of more extensive neo-vascularization in 
poorly differentiated, fast-growing neoplastic tissue (42, 
46, 53, 57-59). Poorly differentiated adenocarcinomas 
of the pancreas had instead lower BF, BV, and PS values 
than moderately and well differentiated ones, which is ex-
plained by the compression of intratumoral blood vessels 

by the reach intratumoral fibrosis, which is characteristic 
of all carcinomas of biliopancreatic origin, and is more 
pronounced in poorly differentiated tumors (45, 54-56).

Assessment and monitoring of the response to 
neoadjuvant therapy based on CT perfusion

The value of CT perfusion in evaluating the response 
to neoadjuvant chemo-radiotherapy (nCRT) has been 
demonstrated in squamous cell carcinoma (SCC) of the 
esophagus (60-64). BF, BV, and PS values, quantified 
after nCRT, were significantly lower, and MTT was sig-
nificantly longer, in patients with histologically proven 
complete response (pCR) compared with those with 
partial response (pPR) (60, 61). Significant differences 
in the values of perfusion parameters after nCRT in re-
lation to histologically proved tumor regression grade 
(TRG) were also shown (Figure 4a-f) (60). These results 
indicate that the reduction in CT perfusion parameters 
after nCRT ref lects the absence of pathological vascu-
larization in the fibrous esophageal wall, where viable 
tumor tissue is no longer present (pCR). To test this as-
sumption, future histological studies focused on chang-
es in the vascular network after nCRT are needed; such 
studies are currently lacking. By comparing the basic 
post-contrast CT with the corresponding CT perfusion 
images section-by-section and in correlation with the his-
topathology findings, it was noted that the hyper-dense 
foci in the esophageal wall, which exactly match with the 
hyper-perfusion zones, in fact represent the residual via-
ble neoplastic tissue after the nCRT (Figure 4c-f) (62). 

Similar to esophageal SCC (Figure 5a-h), studies of 
advanced head and neck SCC also showed that BF and 
BV values significantly decreased after definitive con-
comitant CRT in patients who responded to therapy (65). 

Similar results have been shown in studies of gastric 
adenocarcinoma (66-68). BF, BV, and size reduction rate 
after three series of chemotherapy were significantly 
correlated with the pathological tumor regression grade 
(67). A decrease in PS after the 1st cycle of chemotherapy 
was an early predictor of a good clinical and pathological 
response to nCRT in gastroesophageal junction adeno-
carcinoma (66). Significant reductions in BF, BV, and PS 
were observed after concomitant CRT in patients with 
locally advanced gastric adenocarcinoma who had a good 
therapeutic response and longer survival (68). 

The diagnostic and prognostic value of CT perfusion 
parameters was analyzed in patients with advanced non-
small cell lung cancer (NSCLC) after chemotherapy, and 
it was shown that lower post-chemotherapy BV and PS 
predicted remission and longer survival (69). Similarly, 
all perfusion parameters (BF, BV, and PS) showed a con-
sistent decrease during the early and late phases of anti-
angiogenic therapy in advanced NSCLC in a pilot study 
by Aya et al. (70). 
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In studies related to rectal cancer, significant decreas-
es in the perfusion parameters BF, BV, and PS and an in-
crease in MTT after CRT were observed (35, 38, 71). 

A significant decrease in all perfusion parameters, 
except MTT, was also observed in metastatic GIST that 
responded well to tyrosine-kinase inhibitor molecular 
therapy (72).

In the systematic review by Garbino et al., several 
studies were presented that assessed the therapeutic re-
sponse of primary and secondary liver tumors to mini-
mally invasive treatments, including TACE, chemothera-
py, and biological therapy, using CT perfusion (5). In the 
majority of those studies, the value of CT perfusion in 
response assessment was demonstrated, with declines in 

Figure 4. Diff erences in the values of CT perfusion parameter (BF) of the esophageal SCC aft er the neoadjuvant CRT in relation to histo-
logically proved tumor regression grade (TRG): (a-b) TRG 1 (complete regression), (c-d) TRG 2 (strong partial regression), and (e-f) TRG 
3 (moderate partial regression). (Images are the author’s work, and writt en informed consent for publishing their anonymous images was 
obtained from patients)

Figure 5. CT perfusion parameter values (BF, BV, MTT , and PS) of the esophageal SCC: (a-d) before and (e-h) aft er the neoadjuvant CRT 
(Images are the author’s work, and writt en informed consent for publishing their anonymous images was obtained from a patient)
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CT perfusion parameter values as a marker of satisfactory 
response and longer survival (5, 73, 74).

Unlike the majority of malignant tumors, in pancreatic 
adenocarcinoma, an increase in BF value after neoadjuvant 
CRT was a reliable indicator of a good histological response, 
as shown in the study by Hamdi and coauthors (75).

Radiation dose

A main disadvantage of CT perfusion is the additional ra-
diation dose to the patient. In the guidelines for perform-
ing CT perfusion of the Experimental Cancer Medicine 
Center Imaging Network Group, it was recommended 
that the maximum effective dose of 20 mSv, or 30 mSv 
for volumes larger than 4 cm in the Z-axis, should not be 
exceeded (1). Low-dose CT perfusion techniques by us-
ing the 80 kV or 100 kV tube voltage and low tube current 
(30-100 mAs) could be done with much lower effective 
doses of radiation (Table 1), even if large volume cover-
age (up to 16 cm) was achieved by using the 256-640-de-
tector rows scanners (76-78). However, some novel CT 
techniques, such as dual-energy CT, may replace perfu-
sion CT with similar information on tissue perfusion and 
lower radiation exposure (79, 80).

CONCLUSION

In conclusion, CT perfusion allows potential non-inva-
sive discrimination of the neoplasm from healthy tissue, 
malignant from benign tumors, highly aggressive from 
low aggressive tumors, and good from poor response to 
oncologic treatment. CT perfusion introduces elements 
of functional diagnostics into morphological imaging of 
tumors, while low-dose scanning protocols enable its safe 
incorporation into everyday radiological practice for on-
cology patients. The lack of standardization of CT perfu
sion protocols and the lack of interchangeability of results 
across different CT systems and centers are among the 
main limitations in fully achieving this aim.    
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CT PERFUZIJA U ONKOLOŠKOM IMIDŽINGU 
Aleksandra Đurić-Stefanović1,2, Milica Mitrović Jovanović1,2, Jelena Kovač1,2, Aleksandar Ivanović1,2, Slavenko Ostojić1,3, 
Nikica Grubor1,3, Dejan Stojakov1,4, Predrag Sabljak1,3

Sažetak

CT perfuzija je metoda pregleda koja omogućava vizu-
alizaciju i neinvazivnu kvantitativnu procenu perfuzije 
tkiva. Primena CT perfuzije u onkološkoj dijagnostici 
omogućava neinvazivno otkrivanje i kvantifikaciju ne-
oangiogeneze (tj. patološke vaskularizacije) različitih 
malignih tumora. Na osnovu vrednosti parametara CT 
perfuzije moguće je razlikovati neoplazmu od zdravog 
tkiva, maligne od benignih tumora, visokoagresivne od 
niskoagresivnih tumora, kao i dobar od lošeg odgovora 
tumora na onkološku terapiju. Osnovni princip izvođenja 
niskodozne CT perfuzije podrazumeva ponovljeno ske-
niranje odabrane regije gde se nalazi tumor, uz redukciju 
napona i jačine struje u rendgenskoj cevi, u kratkim vre-
menskim intervalima nakon intravenske primene bolusa 
male količine jodnog kontrasta automatskim injektorom 
sa velikom brzinom protoka. Primenom različitih kinetič-

ko-matematičkih modela moguće je meriti sledeće pa-
rametre perfuzije tkiva: protok krvi (BF), zapreminu cir-
kulišuće krvi (BV), srednje vreme prolaza kroz vaskularnu 
mrežu (MTT) i vaskularnu permeabilnost (PS ili K trans). 
Dok rezultati dobijeni različitim softverima za CT per-
fuziju nisu komparabilni, standardizovana perfuziona 
vrednost (SPV) je univerzalni semikvantitativni indika-
tor perfuzije tkiva, koji je nezavistan od CT perfuzionog 
algoritma i može se jednostavno izračunati u odsustvu 
komercijalnog CT perfuzionog softvera. Dok su vredno-
sti BF, BV i PS značajno veće kod većine visokogradnih 
malignih tumora, u poređenju sa niskogradnim tumo-
rima, kao i benignim tumorima ili zdravim tkivom, MTT 
je često kraće u visokogradusnim tumorima. Značajno 
smanjenje vrednosti CT perfuzionih parametara je znak 
dobrog odgovora neoplazme na onkološku terapiju.

Ključne reči: CT perfuzija, imidžing, onkologija, CT
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