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Abstract
Objectives To investigate the relationship of dual-phase dual-
energy CT (DE-CT) and tumour size in the evaluation of the
response to anti-EGFR therapy in patients with advanced non-
small cell lung cancer (NSCLC).
Methods Dual-phase DE-CT was performed in 31 patients
with NSCLC before the onset of anti-EGFR (erlotinib) thera-
py and as follow-up (mean 8 weeks). Iodine uptake (IU; mg/
mL) was quantified using prototype software in arterial and
venous phases; arterial enhancement fraction (AEF) was cal-
culated. The change of IU before and after therapy onset was
compared with anatomical evaluation in maximal transverse
diameter and volume (responders vs. non-responders).
Results A significant decrease of IU in venous phase was
proved in responders according to all anatomical parameters
(p=0.002–0.016). In groups of non-responders, a significant
change of IU was not proved with variable trends of develop-
ment. The most significant change was observed using the
anatomical parameter of volume (cut-off 73 %). A significant
difference of percentage change in AEF was proved between
responding and non-responders (p=0.019–0.043).
Conclusion Dual-phase DE-CT with iodine uptake quantifi-
cation is a feasible method with potential benefit in advanced
assessment of anti-EGFR therapy response. We demonstrated
a decrease in vascularization in the responding primary

tumours and non-significant variable development of vascu-
larization in non-responding tumours.
Key Points
• Dual-phase DE-CT is feasible for vascularization assess-
ment of NSCLC with anti-EGFR therapy.

• There was a significant decrease of iodine uptake in
responding tumours.

• There was a non-significant and variable development in
non-responding tumours.

• There was significant difference of AEF percentage change
between responders and non-responders.

Keywords Dual-energy CT . Iodine contrast medium . Lung
cancer . Targetedmolecular therapy . Therapy response

Introduction

Targeted therapy of non-small cell lung cancer (NSCLC) is
currently widely used in advanced stages of this disease. Ex-
cept for primarily anti-angiogenic substances, there are the
tyrosine-kinase inhibitors, which act on the epidermal growth
factor (EGFR), and this involves angiogenesis inhibitors
whose benefit has been proven as maintenance therapy after
first-line chemotherapy [1]. Their benefit has also been ap-
proved in second- and third-line monotherapy in the locally
advanced NSCLCs in which chemotherapy failed [2–4].

Evaluating the effects of targeted therapy on tumour devel-
opment is still a challenge for imaging methods. The standard
method of evaluation using the RECIST criteria has signifi-
cant limitations, which reflect only the development of the
size of the primary tumour ormetastatic lesions [5]. Compared
to standard chemotherapy, however, different processes occur
in the tumour during the targeted therapy. Necrosis develop-
ment or haemorrhage are more common and may limit
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anatomical evaluation of the effect of therapy [6]. With regard
to the basic principle of targeted therapy, a quantification of
vascular supply using the parameter of microvascular density
(MVD) is clearly most appropriate. However, the collection of
a sample for an extensive histological examination is needed
for this assessment.

A dynamic contrast (first-pass) examination using CTorMRI
with the possibility of quantification of the perfusion parameters
is the most similar method of evaluating vascularization with
proven correlation with MVD [7]. In both methods, there are
specific technical limitations. Moreover complex post-
processing and evaluation that is still not standardized [8].
Dual-energy CT examination (DE-CT) has been proven to be a
simplemethodwith the possibility of precise quantification of the
iodine content in different tissues [9]. Dual-energy CT examina-
tion was confirmed as an alternative to dynamic examination in
several studies due to the possibility of exact quantification of the
iodine content in the tumorous tissue [10]. In the case of dual-
phase examination in the arterial and venous phases, there is an
assumption of more accurate assessment of the vascularization
state in the tumour tissue that is used more commonly, e.g. in
liver metastases [11].

The aim of our study was to verify the relationship of the
dual-phase DE-CT examination and the size of the primary
tumour during evaluation of the response to anti-EGFR ther-
apy in patients with advanced NSCLC in whom standard che-
motherapy was not effective.

Materials and methods

Patients selection

A prospectively conducted study of patients with NSCLC
who were referred to third-line anti-EGFR therapy with erlo-
tinib on the basis of failed standard chemotherapy treatment
(progression according to RECIST 1.1 criteria) was performed
within a routine diagnostic and therapeutic algorithm. Be-
tween March 2011 and August 2013, patients with advanced
NSCLC treated with second-line chemotherapy underwent
DE-CT examination in two post-contrast phases within a rou-
tine follow-up. The initial clinical stages of tumours were IIIB
(10 patients) and IV (21 patients), median of maximal trans-
versal diameter was 30.4 mm (12.5 – 98.6 mm). Majority of
tumours were initially located peripherally (19; 61%) and in
the left lung (17; 55%). Patients approved for anti-EGFR ther-
apy according to routinely used obligatory rules were included
in our study. Enrolled patients received erlotinib in standard
doses (150mg per day), continued until progression of disease
(according RECIST 1.1) and underwent DE-CT follow-up.
Patients with standard contraindications of contrast agent ad-
ministration (renal insufficiency and history of severe allergic
reaction) were excluded from the study. All performed

examinations were part of standard diagnostic algorithm,
however the specific CT protocol was used and the study
was approved by the local ethic committee and patients signed
informed consent.

Acquisition

All examinations were performed on a second generation
dual-source CT (SOMATOM Definition Flash, Siemens
Healthcare, Forchheim, Germany) in two circulatory phases
(systemic arterial and late-venous) after intravenous injection
of an iodine contrast medium (80 mL of iomeprol, 350 mg/
mL, Bracco, Milan, Italy). The contrast medium was injected
into an antecubital or cubital vein at a rate of 4 mL/s with a
saline flush of 60 mL at the same rate. The scan of the arterial
phase was started automatically 5 s after attenuation in the
distal thoracic aorta increased to the default threshold (100
HU). For this purpose, we used the BBolusTracking^ (Sie-
mens Healthcare, Forchheim, Germany) monitoring system.
The scan of the venous phase was started with a 20-s delay
after the end of the arterial scan. The identical acquisition
protocol was used for both scans – collimation 128 x 0.6
mm, gantry rotation 330 ms, pitch factor 0.9. Tube A was
operated at a peak voltage of 80 KVp and a reference tube
current of 160 mAs. Tube Bwas operated at 140Sn KVp and a
reference tube current of 68 mAs. Data were reconstructed
with a slice thickness of 0.75 mm (0.6 mm increment) for
diameter measurement and 1 mm (0.75 mm increment) for
analysis in the software prototype. Both series were acquired
using iterative reconstruction techniques (SAFIRE, Siemens
Healthcare, Forchheim, Germany) with average strength de-
gree (3) and a convolution filter for soft tissue (I26f).

Postprocessing and measurements

All measurements were performed in consensus by two expe-
rienced radiologists (8 and 11 years) in oncologic imaging and
qualified for using of the software prototype. The manual
measurements of the tumour size were performed on
multiplanar reformations (2 mm section width). The maximal
orthogonal diameters were measured in a transverse plane,
and volume measurement was part of the following post-
contrast enhancement analysis. The tumour response was di-
vided into two groups (responders and non-responders) ac-
cording to maximal transverse diameter and volume differ-
ence. In the assessment of maximal transverse diameter, we
used a 20 % cut-off (max_diam_20%) and in volume assess-
ment, we used 73 % (volume_73%). Cut-off values of 0 %
were used in both parameters (maximal diameter and volume).

Analysis of post-contrast enhancement was performed by
using the Syngo.IPIPE prototype software application (Sie-
mens Healthcare, Forchheim, Germany) with semi-
automatic segmentation algorithms with the possibility for
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manual corrections. The value of absolute iodine uptake (IU)
related to tumour size (mg/mL) was acquired in both scans in
pre-treatment and follow-up DE-CT and were normalized to
the reference value acquired using ROI (region of interest)
placed in a near vessel. The value of the normalization ROI
contains the iodine uptake at the given location and is
interpreted as a 100 % iodine uptake reference value. The
arterial enhancement fraction (AEF) value was calculated as
a ratio of iodine uptake in the arterial and venous phase (iodine
uptake in arterial phase/iodine uptake in venous phase x 100).

Statistics

Standard descriptive statistics were used to assess the obser-
vations (median, range). Pre-treatment parameters of iodine
uptake were compared with follow-up parameters between
responding and non-responding tumours using the non-
parametric Wilcoxon signed-rank test. The percentage change
of iodine uptake was compared using the two-sample t-test.
The medians of IU values change was set as cut-off for per-
formance analysis (sensitivity, specificity, positive predictive
value and negative predictive value). Increased values of IU
and AEF were identified in cases of higher percentage change
than the median in the complete cohort. The statistics were
calculated using commercially available software (MedCalc
software, Belgium). Box-plots and bar charts were used for
visual comparison of the selected samples. All tests were per-
formed at the 5 % level of significance.

Results

All together, 31 patients (20male and 11 female) with NSCLC
(17 adenocarcinomas, 10 squamous-cell carcinomas, and four
others) were enrolled in the study. The average interval of both
DE-CTs was 13 weeks (8–21). The quality of all CT exami-
nations allow for analysis using the software prototype. Dur-
ing a follow-up interval (median of 43 weeks; range 12–112),
14 patients remain alive and 10 remain without disease pro-
gression. The complete baseline characteristic is summarized
in Table 1. The overall mean value of DLP (dose length prod-
uct) was 149.6 mGy x cm (117.6–211.3) and the mean effec-
tive dose was 2.4 mSv (1.9–3.4) for a single DE-CT scan.

Anatomical response assessment

Tumour response to approved anti-EGFR therapy was evalu-
ated on the basis of selected parameters and tumours were
divided into groups of responders and non-responders: 16
vs. 15 (max_diam_20%); 12 vs. 19 (max_diam_0%); 16 vs.
15 (volume_73%) and 12 vs. 19 (volume_0%). Median of
maximal transversal diameter was 41.2 mm (22.8–136.4
mm) and volume was 19.5 mL (2.5–696.5). Complete results

of the anatomical response evaluation of individual groups of
patients are shown in Table 2.

Iodine content response assessment

A statistically significant decrease in IU was demonstrated in
the responding tumours according to all the anatomical param-
eters. Strong significance of the IU decrease was demonstrated
particularly in the venous phase (p=0.002–0.016), moderate
significance was seen when assessing arterial phase
(p=0.013–0.049). With regard to individual parameters for
assessing anatomical response, the statistical significance
was strongest using volume_73% (p=0.002; Fig. 1). The sta-
tistically significant change of IU was not proved in non-
responding tumours in arterial phase (p=0.610–0.998) and
also in venous phase (p=0.123–0.638).

In the ratio value of AEF, a weak statistically significant
increase in non-responding tumours was demonstrated using
the volume_73% parameter (p=0.042); while using other

Table 1 Baseline
characteristic Variables

Gender

Male 20

Female 11

Age (years)

Median (range) 68 (56-82)

Clinical stage

IIIB 10

IV 21

Therapy onset - follow-up CT

weeks, median (range) 13 (8-21)

Follow-up interval

weeks, median (range) 42 (12-112)

PFS 10

weeks, median (range) 25 (8-112)

Death 17

weeks, median (range) 21 (12-42)

footnote: PFS - progression-free survivors

Table 2 Anatomical response evaluation

increase decrease

max. transverse diameter (mm) 18 13

prior (median) 45.9 (25.2-136.4) 34.8 (22.8-74.7)

post (median) 59.0 (25.8-145.2) 24.2 (17.4-64.3)

median change (%) 25 % - 46 %

volume (mL) 19 12

prior (median) 36.9 (2.5-696.5) 8.73 (4.1-181.2)

post (median) 99.1 (4.62-1110.2) 2.98 (0.31-31.1)

median change (%) 98 % - 47 %
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anatomical response parameters, the increase was not signifi-
cant. In responding tumours, a minimal non-significant
(p=0.252–0.597) decrease of median AEF was observed be-
fore and after anti-EGFR therapy.

A significant difference of AEF was proved in the evalua-
tion of percentage change of IU between responders and non-
responders (p=0.019–0.043). This significance was also stron-
ger in comparison to IU change in single phases (Fig. 2).
Complete results are presented in Table 3.

In comparison of IU values trend and anatomical response,
the higher sensitivity, positive predictive value (PPV), and
negative predictive value (NPV) of AEF over only venous
phase IU was detected using max_diam_20 (sensitivity 66.7
% vs. 46.7 %; PPV 62.5 % vs. 58.3 %; NPV 66.7 % vs. 57.9
%) and also volume_73 (sensitivity 66.7 % vs. 40 %; PPV
62.5% vs. 54.5 %; NPV 66.7 % vs. 55 %). Only specificity of
AEF was lower in comparison to venous phase IU (62.5 % vs.
68.8 %) using both anatomical parameters.

Prediction of therapy effect

Values of IU and AEF were assessed as possible predictors of a
favourable effect of anti-EGFR therapy (Table 3). Iodine uptake

values were higher in responding tumours: moderate statistical
significance was demonstrated in the venous phase (p=0.034). In
the case of AEF, a statistically significant difference of pre-
treatment values between responders and non-responders was
observed in the volume_73% parameter, although the median
value was generally higher in responding tumours.

Discussion

Limited anatomical evaluation of the effect of targeted therapy
in NSCLC can have a major impact on patient survival. That is
why there is an intensive effort, particularly in clinical re-
search, to use functional imaging methods [12, 13]. These
advanced methods are promising in detailed pre-treatment
characterization of primary lung cancer or lymph nodes that
may in the future allow choosing and optimizing therapy [14].
A relationship between the evaluation of perfusion and meta-
bolic activity using FDG-PET/CT, which is increasingly being
employed in the staging and follow-up of NSCLC, still re-
mains to be fully clarified [15]. The results of studies compar-
ing both parameters are unclear and did not conclusively
prove a correlation between the perfusion parameters and
SUV [7, 16]. Nevertheless, the evaluation of progression of
metabolic activity or perfusion parameters in targeted therapy
is more suitable than only anatomical assessment [6]. Indeed,
both methods have their limitations, and this is a reason why
other suitable methods of functional imaging are being sought
[17, 18].

During the targeted therapy there is an early development of
intra-tumour haemorrhage and necrosis, which may have a ma-
jor impact not only on the assessment of the size, but also on
routine density measurement that is a part of some new types of
criteria [19]. The importance of CT examination using dual
energy (DE-CT) has repeatedly been proved in various clinical
indications including oncologic imaging [20]. A quantification
of the iodine content that corresponds to the level of tissue
perfusion at a concrete time-point, and hence to the degree of
vascularization, is essential and could be used for advanced
tumour evaluation [10]. This parameter is called iodine related
attenuation (IRA) and, in addition to the simple determination
of density using Hounsfield units (HU), the effect of various
density levels of tumour tissue prior to administration of a con-
trast substance and the burden of intra-tumour haemorrhage are
eliminated [21]. Up to now, only a small number of studies have
been published focusing on the significance of DE-CT in the
evaluation of the effect of anti-tumour therapy. Kim et al. dem-
onstrated the benefit of determining IRA in NSCLC, especially
with regard to the 14 % incidence of intra-tumour haemorrhage
[19]. Furthermore, several studies have been published focus-
ing on the use of DE-CT in monitoring the effect of therapy of
other types of tumours or during experimental use. In both
cases, the benefit of DE-CT was confirmed. [22, 23]. The

Fig. 1 Box-plots showing prior-treatment and follow-up iodine uptake
according to maximal transversal diameter with 20 % cut-off (a) and
volume with 73 % cut-off (b). Significant decrease of iodine uptake in
responders
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IRA parameter has high reproducibility with the established
calculation procedure, and recently the scanning using two dif-
ferent energies is no longer one-vendor dependent.. This fact is
promising for the increase of clinical research in this field.

Iodine uptake and anatomical evaluation

In our study, we performed DE-CT in two post-contrast
phases and evaluated IU in single phases, as well as the ratio

Fig. 2 Bar charts showing mean percentage change in iodine uptake
after anti-EGFR therapy onset according to maximal transversal diameter
with 20 % cut-off (a) and volume with 73 % cut-off (b). Significant

difference of AEF (arterial enhancement fraction) in percentage change
between responders and non-responders
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value of AEF, assuming more accurate characteristics of the
vascularization level in the tumour tissue. In the case of pri-
mary tumours, a statistically significant decrease of IU in the
responding tumours was found using all anatomical parame-
ters. The strongest significance of IU change was proven in
the venous phase. These findings should correspond to the
positive effect of anti-EGFR therapy and confirm the previous
experience that the late post-contrast phase is more suitable for
the assessment of IRA [24, 25]. In non-responding tumours, a
decrease of the median of IU was also found, although this
was not statistically significant.

The trend of IU development in the venous phase was
clearly uniform in the responding tumours (e.g. only one case
with IU increase in max_diameter_20%). In the non-
responding tumours, the trend was variable (increase in eight
cases and decrease in seven cases), which could possibly in-
dicate a benefit of this method and future orientation of the
research. In terms of comparison with already published stud-
ies, Lind et al. used perfusion CTand found a more significant
decrease of tumour vascularization (blood flow) in cases of an
anatomically favourable response to anti-EGFR therapy [26].
However, the unclear reproducibility of the whole-tumour
quantification of perfusion was a limitation of this technique
[27].

Except evaluation of single phases that only present a
Bsnapshot^ of tumour vascularization, we have already used
the ratio of AEF, as in our previous study, in which we found a
possible benefit in the evaluation of the effect of standard
chemotherapy, again with regard to the change of the size
[24]. In the current study, a clear trend for the increase of this
value in case of poor response to therapy was evident, but
statistical significance was found only using volume_73% as
a response parameter. On the other hand, we proved a statis-
tically significant difference in the percentage change of AEF
between responding and non-responding tumours. The real
benefit of this value must be further evaluated. The assessment
or imaging of this method was described in the case of liver
lesion evaluation, especially in the detection of hepatocellular
carcinoma [11, 28]. In general, this value has the potential for
more specific quantitative assessment and correlates with the
perfusion parameters [28]. Althoughmost of the studies main-
ly used the determination of IRA in the late post-contrast
phases, the importance of the IRA level in the systemic arterial
phase, which would correspond to so-called first-pass of a
contrast substance, i.e. especially the intravascular component
of IRA, can be expected. In the late phase, IRA consists more
of the presence of extravascular substances and an increase of
the AEF ra t io cou ld ind ica te a progress ion of
neoangiogenesis. Schmid-Bindert et al. proved a strong corre-
lation between the maximal FDG uptake and the maximal
IRA for primary lung tumours [25, 29].

We tried to assess the performance of AEF and single (ve-
nous phase) IU to confirm anatomical response and the higher

sensitivity (66.7 %), but lower specificity (62.5 %) of AEF
was proved. The importance of this fact is questionable, but
could indicate possible added value of AEF as previously
discussed and in accordance to our other results.

Except for the maximal diameter that is easily implemented
in routine practice, there are also other possibilities of anatom-
ical evaluation of lung cancer. In our study, we also used the
volume assessment with the cut-off value of 73 %, which
corresponds to the value of 20 % of the maximal diameter
using in RECIST criteria [30]. With this parameter, a decrease
in the IU values in the responding tumours was the most
significant. Evaluation of the tumour volume can surely be
considered a more accurate method compared to the maximal
diameter. Nevertheless, its assessment is limited in clinical
routine due to anatomical conditions (e.g. atelectasis or medi-
astinal invasion) and segmentation software is needed. The
prototype we used was capable of very high-quality segmen-
tation in all cases (Fig. 3). It should be noted that there was no
tumour associated with atelectasis in our group. Using 0 %
cut-off values did not provide any additional information over
20 % and 73 % cut-offs. This is consistent with clinical
routine.

Response prediction

The possibility of predicting the effect of therapy would be
very beneficial, and there are papers confirming a higher ten-
dency to a good response in more vascularized tumour tissues,
but the real possibility of pre-treatment prediction of effect is
still unclear [11]. In our group, we found identical values of IU
in the arterial phase, but in the venous phase, the values in
subsequently responding tumours were higher, but we found
moderate statistical significance in the case of one anatomical
parameter (max_diameter_20%). In clinical routine, it is much
more appropriate to make predictions on the basis of early
assessment of the progression. The early effect of targeted

Fig. 3 Example of tumour segmentation in used evaluation software
(Syngo.IPIPE, Siemens, Germany)
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therapy has been demonstrated in the experimental models
very shortly after therapy onset [23]. Lind et al. statistically
demonstrated a significantly better clinical outcome in tu-
mours with a higher decrease compared to the median in their
group [26]. With regard to the limited group size and discon-
tinuation of therapy in cases of progression of the disease
during follow-up, we could not evaluate the outcome. Assess-
ment of other parameters or characteristics for therapy re-
sponse prediction was not possible particularly due to limited
and heterogeneous cohort.

Limitations

The performed study has several limitations that should be
mentioned. Except for a low number of subjects and the het-
erogeneity of the histological types, the influence of differ-
ences in previous chemotherapy is limiting. This therapy has
an indirect effect on the perfusion parameters in the primary
tumour and could affect the possibility of mutual comparison
of the single tumours. A much greater benefit would result if
this method was verified using anti-EGFR as a first-line ther-
apy in people with an appropriate gene mutation. In our study,
we observed only primary tumours separately without
assessing the lymph nodes or remote metastases. A clear ben-
efit was the possibility to compare the determination of the IU
values with the perfusion parameters using the dynamic CT
examination; however, this would be a further burden for pa-
tients. The range of intervals between anti-EGFR therapy on-
set and follow-up CT (8–21 weeks) could affect the signifi-
cance of presented results.

It can be concluded that dual phase DE-CT is a relatively
simple method that could provide benefit in the objective as-
sessment of the effect of targeted (anti-EGFR) therapy in per-
sons with NSCLC. By using this method, we were able to
demonstrate a decrease in vascularization in the primary tu-
mours with favourable response to anti-EGFR therapy follow-
ing the failure of standard chemotherapy. On the contrary, the
insignificant changes were seen in the tumours with
unfavourable response. Assessment of AEF demonstrated al-
so additional value and should be considered as a possible
parameter in advanced response assessment.
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