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Objective: To determine whether CT-perfusion (CT-p) can

be used to evaluate the effects of chemotherapy and

anti-angiogenic treatment in patients with non-small-cell

lung carcinoma (NSCLC) and whether CT-p and standard

therapeutic response assessment (RECIST) data obtained

before and after therapy correlate.

Methods: 55 patients with unresectable NSCLC underwent

CT-p before the beginning of therapy and 50 of them

repeated CT-p 90 days after it. Therapeutic protocol

included platinum-based doublets plus bevacizumab for

non-squamous carcinoma and platinum-based doublets for

squamous carcinoma. RECIST measurements and calcula-

tions of blood flow (BF), blood volume (BV), time to peak

(TTP) and permeability surface (PS) were performed, and

baseline and post-treatment measurements were tested for

statistically significant differences. Baseline and follow-up

perfusion parameters were also compared based on histo-

pathological subclassification (2004 World Health Organi-

zation Classification of Tumours) and therapy response

assessed by RECIST.

Results: Tumour histology was consistent with large cell

carcinoma in 14/50 (28%) cases, adenocarcinoma in 22/50

(44%) cases and squamous cell carcinoma in the remaining

14/50 (28%) cases. BF and PS differences for all tumours

between baseline and post-therapy measurements were

significant (p50.001); no significant changes were found

for BV (p50.3) and TTP (p50.1). The highest increase of BV

was demonstrated in adenocarcinoma (5.2634.1%), whereas

the highest increase of TTP was shown in large cell

carcinoma (6.9622.4%), and the highest decrease of PS

was shown in squamous cell carcinoma (221.5618.5%). A

significant difference between the three histological sub-

types was demonstrated only for BV (p,0.007). On the

basis of RECIST criteria, 8 (16%) patients were classified as

partial response (PR), 2 (4%) as progressive disease (PD) and

the remaining 40 (80%) as stable disease (SD). Among PR,

a decrease of both BF (1869.6%) and BV (12.669.2%) were

observed; TTP increased in 3 (37.5%) cases, and PS de-

creased in 6 (75%) cases. SD patients showed an increase of

BF, BV, TTP and PS in 6 (15%), 21 (52.5%), 23 (57.5%) and

2 (5%) cases, respectively. PD patients demonstrated an

increase of BF (2660.2%), BV (2.760.1%) and TTP (3.160.8%)

while only PS decreased (2360.2%).

Conclusion: CT-p can adequately evaluate therapy-

induced alterations in NSCLC, and perfusion parameters

correlate with therapy response assessment performed

with RECIST criteria.

Advances in knowledge: Evaluating perfusional parame-

ters, CT-p can demonstrate therapy-induced changes in

patients with different types of lung cancer and identify

response to treatment with excellent agreement to RECIST

measurements.

In recent years, anti-angiogenic drugs have been rapidly de-

veloped and applied as a promising tool for treatment of

unresectable lung cancer [1–3], both in combination with

first-line conventional chemotherapy or alone as second-line

treatment [4,5]. Anti-angiogenic drugs have been demon-

strated to inhibit the development of vascular networks in

particular by cytostatic rather than cytotoxic effects; there-

fore, tumour size may not substantially change as a conse-

quence of their action, introducing difficulties for adequate

therapy monitoring at imaging follow-up. Functional

imaging has been claimed to provide more relevant in-

formation on tissue viability during treatment monitoring

than the standard therapeutic response assessment (RECIST)

based on tumour size changes [6–8], which is currently used.

Among other imaging modalities, CT perfusion (CT-p)

recently experienced a progressive increase in interest and

acceptance in the radiological community for oncological

applications [9–13], including both the diagnostic process
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and follow-up of lung cancer [14–16]. Substantial differences be-

tween treatment response to conventional and anti-angiogenic

drugs assessed by RECIST criteria and CT-p in patients with lung

adenocarcinoma have been evidenced [17].

Nevertheless, since it has been demonstrated that anti-angiogenic

drugs play different roles in the treatment planning of various

hystotypes of lung cancer [18], it is plausible that relevant dif-

ferences may be shown between perfusion CT parameters in lung

cancer subgroups, both at baseline and after treatment.

The aim of this study was therefore to determine whether wide-

volume CT-p predicts and evaluates anti-angiogenic treatment

effects on the whole-tumour mass in patients with different sub-

types of locally advanced non-small-cell lung carcinoma (NSCLC)

and to determine whether there is a correlation between CT

p-values and response to therapy according to RECIST criteria.

MATERIALS AND METHODS

Patient population

The study was performed with the approval by the local medical

ethics committee, and all the enrolled patients gave their written

informed consent to be included in the study group, having been

informed about potential benefits and contraindications to CT-p.

Between June 2010 and January 2012, 55 patients [38 males, 17

females, age 5867 (51–82)] with biopsy-proven NSCLC were pro-

spectively enrolled in our study with the following clinical criteria:

(1) Unresectable cancer with maximum size $20mm at a pre-

liminary CT scan (American Joint Committee on Cancer,

TNM Stage IIIb or Stage IV).

(2) No previous treatment with chemotherapy or radiation therapy.

Subjects with contraindications to CT-p and/or anti-angiogenic

treatment were excluded from the study group. As first-line

treatment, all patients received different drug therapies as listed:

– Non squamous carcinoma: carboplatinum area under the curve

(AUC) 5 1 q21, paclitaxel 175mgmq21 1 q21 or cisplatinum

75mgmq21 1 q21, gemcitabine 1250mgmq21 1,8 q21,

combined with an angiogenesis inhibitor (Bevacizumab)

7,5mg kg21 1 q21.

– Squamous cell carcinoma: cisplatinum 75mgmq21, docetaxel

75mgmq21 1 q21 or cisplatinum 75mgmq21 1 q21,

vinorelbine 30mgmq21 1,8 q21 or cisplatinum 75mgmq21,

gemcitabine 1250mgmq21 1,8 q21.

CT-perfusion technique and image analysis

CT-p imaging was performed with a 64-detector dual-source

scanner (Siemens Definition; Siemens Medical Solutions, For-

chheim, Germany). Unenhanced breath-hold CT of the lungs

(100 kV; 120mAs; detector configuration, 2431.2mm; rotation

time, 0.3 s; section thickness, 3.0mm; reconstruction interval,

3mm; reconstruction kernel, B30 and B60) was performed to

localise the tumour. An expert radiologist (GS, with 2 years of

experience in chest CT-p) selected a fixed scanning range for

a 136mm volume in order to include the whole-lesion longitu-

dinal extent. A total of 90ml of high concentration (350mg of

iodine per ml) non-ionic-iodinated contrast medium (Iomeron®

350; Bracco, Milan, Italy) was injected by using a fractionated

administration protocol (30ml at 4ml s21, 10ml at 2ml s21 and

50ml s21 at 1ml s21, followed by a 20mL saline flush at 1ml s21).

Perfusion imaging started immediately after the injection with

a free-breathing dynamic acquisition (100 kV; 120mAs; detector

configuration, 2431.2mm; rotation time, 0.3 s; section thickness,

3.0mm; reconstruction increment, 3mm; total scanning time, 70 s;

four-dimensional range, 136mm/1.75 s per scan; total scans, 40;

reconstruction kernel, B30). All patients were instructed to per-

form the respiration in a constant manner to avoid excessive lung

motion that may hamper postprocessing and prolong image

evaluation. All data sets were transferred to a workstation (CT

workplace; Siemens Healthcare, Erlangen, Germany) featuring

a CT-p software (Syngo Body Perfusion CT, Syngo 2006G; Siemens

Medical Solutions) based on a modified PATLAK model [19]. Two

radiologists (CC, FF; with 15 and 9 years of experience in inter-

preting chest CT, respectively) independently reviewed and ana-

lysed all examinations in a random order. The unenhanced data

sets were available for lesion size assessment (measure of the

maximal diameter of the lesion on the axial plane) as prescribed by

RECIST criteria. The contrast-enhanced data sets from the dy-

namic acquisition were then assessed for evaluation of CT-p

parameters after applying an automatic three-dimensional motion

correction algorithm featuring a previously described non-rigid

registration model for reduction of movement artefacts [20]. A

circular 1.5 cm2 region of interest (ROI) was manually placed in the

middle of an axial plane of the thoracic aorta, paying attention not

to include mural calcifications and to avoid partial volume artefacts,

and generating an arterial time-enhancement curve (Figure 1); the

whole volume of interest of the tumour was isolated by manual

segmentation not including the utmost tumour margins to avoid

partial volume effect or inclusion of peritumoural fibrosis. Func-

tional calculations were automatically generated along with colour-

coded functional maps of the following parameters: blood flow (BF)

in ml per 100ml per min, blood volume (BV) in ml per 100 ml,

time to peak (TTP) in seconds and permeability surface (PS) in ml

per 100ml per min. Response to treatment was evaluated on the

basis of RECIST criteria as follows: complete response (CR) if no

target lesion was evidenced at follow-up, partial response (PR) if

a 30% decrease in the sum of the longest diameter of target lesions

was evidenced at follow-up, progressive disease (PD) if a 20% in-

crease in the sum of the longest diameter of target lesions was

evidenced at follow-up, and stable disease (SD) if small changes that

do not meet above criteria occurred at follow-up.

Figure 1. Image shows the typical arterial curve during

perfusional studies; the white curve represents the tumoural

enhancement during DT.

BJR F Fraioli, M Anzidei, G Serra et al

2 of 10 bjr.birjournals.org Br J Radiol;86:20120174

http://bjr.birjournals.org


Statistical analysis

The RECIST and CT-p measurements obtained at baseline and

3 months after treatment were transferred to an electronic database

(Microsoft Excel 2008 for Macintosh; Microsoft Corporation,

Redmond, WA). Statistical analysis was performed using a dedicated

software (SPSS® v. 13.0 for Macintosh; SPSS, Chicago, IL). The

interobserver agreement for both RECIST and CT-p measurements

were analysed by the Bland–Altman method. The RECIST and

CT-parameters obtained at the end of follow-up were compared

with respective baseline values, and differences were expressed as

mean 6 standard deviation (minimum–maximum) of decrease/

increase. Both RECIST and CT-p parameters analysed at baseline

and on the follow-up studies were tested for statistically significant

differences using the paired samples t-test (p,0.05). Baseline and

follow-up perfusion parameters of the neoplastic lesions were also

compared based on histopathological subclassification (large cell

carcinoma, adenocarcinoma and squamous cell carcinoma), and

therapy response assessed by RECIST criteria (CR, PR, SD and PD)

using the independent samples t-test (p,0.05).

RESULTS

All patients underwent baseline CT-p of the primary lung cancer

within 1062 (6–12) days before the beginning of therapy, and the

second examination was performed within 9163 (89–94) days.

Average room time including patients preparation was 1562min.

Average dose–length product was 1489mGycm6111, and the

effective dose was 22.7mSv61.3. Three patients were unavailable

for follow-up, and two refused the second examination. Thus, 50

patients (30 staged as IIIb and 20 as IV) were definitively included

in the longitudinal evaluation. The widest diameter of the

tumours measured on the axial plane at the first examination was

5.3863.7 cm (1.7–16.8). Cancer histological subtypes were: large

cell carcinoma in 14/50 (28%) cases, adenocarcinoma in 22/50

(44%) cases and squamous cell carcinoma in the remaining 14/50

(28%) cases.

Interobserver agreement

The interobserver agreement for the evaluation of RECIST

parameters assessed by the two readers was very high for both

baseline (bias 6 standard deviation523.73613.94; 95% limits

of agreement5231.03 to 23.58) and follow-up evaluations

(bias 6 standard deviation524.04614.19; 95% limits of

agreement5231.85 to 23.77). Also the evaluation of CT-p

readings shows high Bland–Altman 95% confidence limits of

agreement between the two readers (Table 1).

CT-p measurements before and after therapy

Values of CT-p measurements at baseline and at the end of

follow-up are shown in Table 2 and in Figures 2–5. Table 3

shows BF, BV, TTP and PS values per histological classification.

Regarding perfusional parameters, differences for BF and PS

values between baseline and post-therapy measurements were

significant (p50.001), whereas no significant changes were

found for BV (p50.3) and TTP (p50.1).

At baseline, BF was 51619.6 (18.90–110.46), being 43.5616.2

(21.7–82.5) at follow-up, with a mean difference of 210.6625.4

(241.5 to 67.7). For PS, the baseline value was 16.864.2

(11.0–27.4), the follow-up value being 14.463.5 (7.9–21.2),

Table 1. Bland–Altman 95% confidence limits of agreement between the two readers for standard therapeutic response assessment

(RECIST), CT-perfusion (CT‐p) blood flow (BF), CT‐p blood volume (BV), CT‐p time to peak (TTP) and CT‐p permeability (PS) evaluated

at baseline and at the end of the follow‐up

Measurements

or parameters

Baseline End of follow-up

Bias 6 standard

deviation

95% limits of agreement

(from–to)

Bias 6 standard

deviation

95% limits of agreement

(from–to)

RECIST 23.73613.94 231.03 to 23.58 24.04614.19 231.85 to 23.77

CT-p BF 22.1262.57 27.16 to 2.91 20.3663.23 26.69 to 5.96

CT-p BV 23.6666.86 217.12 to 9.79 1.0867.07 212.78 to 14.94

CT-p TTP 0.7067.06 213.14 to 14.53 21.4366.72 214.61 to 11.75

CT-p PS 20.4567.07 214.31 to 13.41 21.6167.20 215.73 to 12.51

Table 2. Values of standard therapeutic response assessment (RECIST) (mm), CT-perfusion (CT‐p) blood flow (BF; mL per 100ml

per min), CT‐p blood volume (BV; ml per 100ml per min), CT‐p time to peak (TTP; s) and CT‐p permeability (PS; ml per 100ml per min)

evaluated at baseline and at the end of the follow‐up. Mean differences are in percentage of increase/decrease between the two

measurements [mean 6 standard deviation (minimum–maximum)]. p-values were calculated using paired samples t‐test (p,0.05)

Measurements or parameters Baseline End of follow-up Mean differences p-value

RECIST 53.82636.80 (17–168) 43.6629.6 (170–148) 217.4615.8 (256 to 23) 0.001

CT-p BF 51.0619.6 (18.90–110.46) 43.5616.2 (21.7–82.5) 210.6625.4 (241.5 to 67.7) 0.001

CT-p BV 6.562.8 (2.6–12.6) 6.262.6 (2.6–13.57) 20.7627.6 (239.5 to 74.9) 0.3

CT-p TTP 18.964.4 (8.1–27.5) 19.665.4 (9.0–28.5) 4.4619.3 (217.0 to 64.7) 0.1

CT-p PS 16.864.2 (11.0–27.4) 14.463.5 (7.9–21.2) 213.1613.7 (251.9 to 14.8) 0.001
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thus determining a mean decrease of 213.1613.7 (251.9

to 14.8).

BF had the maximal decrease rate in large cell carcinoma [2196

10% (236.7 to 0.0)], whereas PS had the highest decrease in

squamous cell carcinoma [221.5618.5% (4.3–51.9)].

The highest increase of BV was demonstrated in adenocarci-

noma [5.2634.1% (237.7 to 75.0)], whereas the highest

increase of TTP was shown in large cell carcinoma [6.9622.4%

(213.3 to 56.3)].

In addition to these data, per-histological variations of BF

(0.007,p,0.3), TTP (0.15,p,0.8) and PS (0.06,p,0.7)

values had so wide ranges that no statistical differences were

found at the independent samples t-test. A significant difference

between the three histological subtypes was demonstrated only

for BV (0.002,p,0.007).

Figure 2. The line chart (a) shows the value of blood flow pre and post therapy of the entire population case by case. The box plot

(b) summarises the value of blood flow pre and post therapy of the entire population and according to the histological classification.

Blood flow values are expressed as ml per 100ml per min.

Figure 3. The line chart (a) shows the value of blood volume pre and post therapy of the entire population case by case. The box plot

(b) summarises the value of blood volume pre and post therapy of the entire population and according to the histological

classification. Blood volume values are expressed as ml per 100ml per min.
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RECIST/CT-p correlation

Values of RECIST and CT-p at baseline and at the end of follow-

up are shown in Table 4 and in Figure 6. On the basis of RECIST

criteria, 8 (16%) patients were classified as PR, 2 (4%) as PD and

the remaining 40 (80%) as SD. No patients showed a complete

response to therapy.

PR had a RECIST value of 3.862.54 cm (2.2–10) at baseline and

a value of 2.461.9 cm (1–7) after therapy, showing a decrease

percentage of 38.7610.4% (30–10). All these patients showed

a decrease of both BF [1869.6% (4.6–27.8)] and BV [12.66

9.2% (1.7–21.4)] (Figure 7); TTP increased in 3 (37.5%) cases

with a mean increase of 8636.3% (216.9 to 64.7); PS

decreased in 6 (75%) cases with a mean decrease of 1.169.9

(214.8 to 8.6).

SD had a RECIST value of 5.8363.8 cm (1.7–16.8) at base-

line and a value of 4.863 cm (1.5–14.8) after therapy,

showing a mean decrease percentage of 15.1610.7%

(12–29%).

Figure 4. The line chart (a) shows the value of time to peak pre and post therapy of the entire population case by case. The box plot

(b) summarises the value of time to peak pre and post therapy of the entire population and according to the histological

classification. Time to peak values are expressed in seconds.

Figure 5. The line chart (a) shows value of permeability pre and post therapy of the entire population case by case. The box plot (b)

summarises the value of permeability pre and post therapy of the entire population and according to the histological classification.

Permeability values are expressed as ml per 100ml per min.
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Among these cases, only 6 (15%) showed an increase of BF,

whereas the mean rate of decrease was 10.9627.7% (241.4 to

67.7) (Figure 8). BV has grown in 21 (52.5%) cases with

a mean increase rate of 3.2630% (239.5 to 75). TTP has

grown in 23 (57.5%) cases with a mean increase rate of 3.76

15% (215.4 to 56). PS values showed an increase in only 2

Figure 6. The line chart (a) shows the value of standard therapeutic response (RECIST) pre and post therapy of the entire population

case by case. The box plot (b) summarises the value of RECIST pre and post therapy of the entire population and according to the

histological classification. RECIST values are expressed in millimetres.

Figure 7. A 67-year-old male with a diagnosis of Stage IV squamous cell carcinoma of the left lower lobe. At baseline examination,

sagittal reformation shows a 28mm lesion; CT-perfusion (CT‐p) parameters were, respectively: blood‐flow (BF)542.7ml per 100ml

per s (a), blood volume (BV)54.2ml per 100ml per min (b), time to peak (TTP)527.2 s (c), permeability (PS)523.4ml per 100ml per

min (d). At the follow‐up examination, the maximum diameter of the lesion was 30mm; CT‐parameters were, respectively:

BF537.6ml per 100ml per s (e), BV53.7ml per 100ml (f), TTP523.6 s (g), PS520.6ml per 100ml per min (h). The lesion was

considered stable on the basis of standard therapeutic response (RECIST) measurements while the changes observed at CT‐p were

considered to be consistent with therapy‐induced response of cancer tissue.
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(5%) cases, so the mean decrease rate was 14.9613.4% (251.9

to 8.5).

PD patients had a RECIST value of 2.6560.1 cm (2.6–2.7) at

baseline and a value of 3.1560.2 cm (3.0–3.3) after therapy,

showing an increase percentage of 22.660.6% (23–22.2).

In these patients, we demonstrated an increase of BF [266

0.2% (26–26.5)], BV [2.760.1% (2.6–28)] and TTP [3.16

0.8% (2.6–3.7)] while only PS decreased [2360.2%

(23.5–23.8)].

Comparing baseline values of BF, BV, TTP and PS, no significant

differences were noted between PD and SD for all CT-p values

(p,0.8); the same finding was observed between SD and PR for

BF, BV and PS (p,0.9) and between PR and PD for PS (p50.7).

Significant differences were shown between SD and PD for TTP

(p50.06) and between PR and PD for BF (p50.001), BV

(p50.008) and TTP (p50.007) (Figure 9).

DISCUSSION

In our study, we investigated if CT-p may allow evaluation of the

effects of combined chemotherapy on different subtypes of NSCLCs

Figure 8. A 69-year-old male with a diagnosis of Stage IIIb adenocarcinoma of the right upper lobe. Baseline axial (a) and

multiplanar reconstructed images in the coronal (b) and sagittal (c) planes show the colour‐coded mapping of the blood flow (BF)

values over the whole-tumour volume. Axial (d), coronal (e) and sagittal (f) views obtained after therapy demonstrate both

a decrease of lesion size [standard therapeutic response assessment (RECIST) partial response] and a global reduction of BF.

Figure 9. A 66-year-old male with a diagnosis of Stage IV adenocarcinoma of the left upper lobe. Axial images show colour‐coded maps

of blood flow (BF), blood volume (BV), time to peak (TTP) and permeability (PS) before (a–d) and after (e–h) therapy. At follow‐up,

standard therapeutic response assessment (RECIST) measurements demonstrated a 30% decrease in size (partial response), whereas

CT-perfusion (CT‐p) evaluation showed a 20% decrease of BF, a 5% increase of BV, a 4% increase of TTP and a 14% decrease of PS.

BJR F Fraioli, M Anzidei, G Serra et al
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and if changes in CT-p values correlate with response to therapy as

presently assessed by conventional RECIST criteria. Although an

exhaustive prediction of treatment outcome is at present out of

range, our results showed that some therapy-induced changes could

be anticipated on the basis of CT-p parameters of the lesions at

baseline examinations. In particular, baseline values of BF, BV and

TTP were different among PR, PD and SD patients. However, these

differences were significant for TTP only between SD and PD

patients (p50.06), and between PR and PD patients for BF

(p50.001), BV (p50.008) and TTP (p50.007).

In particular, the 8 subjects classified as RECIST-PR showed

a significant decrease in BF and BV after therapy, whereas PS

decreased in 6 (75%) and increased in 2 (25%), and finally TTP

decreased in 5 (62.5%) and increased in 3 (37.5%). In RECIST-

SD subjects, no significant variations of the CT-p parameters

were evidenced after therapy, whereas in the 2 patients classified

as RECIST-PD, BF, BV and TTP were increased at follow-up and

PS was decreased.

The highest values of BF and BV at baseline have been demon-

strated for large cell carcinoma, whereas the highest values of TTP

and PS have been shown for squamous cell carcinoma. These

results could be of some interest in order to address a prognostic

value to the CT-p data for the different hystotypes and RECIST

classes. With regard to the variation of CT-p parameters,

depending on lesions subtypes, the higher BF decrease after

therapy was demonstrated in large cell carcinoma. For both BV

and PS, the highest decrease rates were shown in squamous cell

carcinoma. TTP values increased in all the three types of car-

cinoma, but the highest increase was recorded in large cell

carcinoma and the lowest values in squamous cell carcinoma.

These findings were somewhat unexplored in previous studies

and may be of some importance for treatment strategies.

However, we have to admit that lesion localisation and size and

patients’ ages may play a relevant role in determining the

physiopathology of lung cancer and influencing CT-p meas-

urements, but these parameters were not significantly taken

into account in our study.

The discrepancies between RECIST and CT-p measurements are

probably even more significant from a clinical point of view: in five

subjects, the size of the lesion was stable at follow-up or showed

a negligible increase while vascularisation was increased, suggesting

a poor response to treatment. Indeed, these findings em-

phasise the hypothesis that the differences between RECIST

criteria and CT-p parameters may be relevant to assess

physiological response to therapy even in an early phase,

monitoring and detecting subtle differences in biological

activities. It is therefore plausible that a CT-p evaluation

performed even after a short-time interval from the begin-

ning of therapy may be helpful for clinical planning and may

correlate with a better prognosis if therapy is changed on

time.

In addition to this, it is worthwhile to underline that understanding

the CT-p technique requires knowledge of a few specific technical

concepts. Firstly, a small-fractionated contrast medium adminis-

tration is necessary to fit the theoretical basis of the Patlak

algorithm used to analyse perfusion CT data. Secondly, the rotating

movement of the scanner allows a real-time volumetric perfusional

evaluation rather than that reported on a single arbitrary section or

a small proportion of the lesions, as still reported in recent studies

performed with 64-or even 16-section multidetector CT [21]. Fi-

nally, radiation exposure with respect to the scan parameters is

a risk; although radiation exposure for CT-p is small compared

with the RT doses that many patients with lung cancer are likely to

receive, it is important to establish protocols with the mini-

mum dose possible for quality measurements. In this regard,

we adopted a combined strategy in order to keep the radiation

dose as low as possible without compromising the overall

image quality: using an intermediate tube voltage (100 kV) and

a low tube current (120mAs), the effective radiation dose was

22.761.3mSv. Other possible solutions to further reduce the

radiation exposure are the doubling of the interscan delay

and the reduction of the scan length to the minimum with

smaller lesions.

We recognise that our study has some relevant limitations.

The major drawback is represented by the fact that no his-

tological validation study has been performed to evaluate the

congruence between CT-p variations and treatment-induced

changes in cancer tissue, hence no reduction in vascularisa-

tion was detected. However, pathological proof for chest

lesions may be invasive and technically difficult, whereas it is

possible and reasonable in other sites such as the rectum or

liver. There is no gold standard for the evaluation of response

to therapy while monitoring such a combined chemotherapy;

in this study, we chose simply to integrate perfusional data

with the current method to evaluate therapy response, the

RECIST criteria.

Moreover, the follow-up was limited to a single examination

performed within 3months from the beginning of therapy,

which was obviously heterogeneous in the three histological

subtypes; as a consequence of this, long-term prognostic eval-

uation of perfusion parameters was not possible.

However, it must be underlined that percentage changes in

perfusional parameters at follow-up are statistically not very

different from the baseline and thus may lie within the normal

range of variability. Regarding this point, a further limitation of

this study is that no reproducibility analysis in this cohort has

been produced.

Finally, other authors adopted different acquisition protocols,

including other contrast-medium technical issues [22]. This

point is still debated depending on the equipment and partic-

ularly the reconstruction algorithm used.

In conclusion, our results suggest that differences in CT‐p

parameters between subtypes of lung cancer before and after

therapy may play an important role in determining the physio-

pathology of lung cancer and may be relevant to assess response to

therapy even at an early stage. Managing to monitor even subtle

differences in biological activities, CT-p may be helpful for ther-

apeutical planning and may lead to better prognostic results if

therapies are changed when needed.
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