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Summary 

Chest radiography, computed tomography (CT), positron emission tomography (PET), and PET-CT are powerful 
imaging tools used worldwide for the diagnosis and treatment strategy of NSCLC. Furthermore, we present 
examples of CT imaging using an exciting new anticancer drug, Lipoplatin, a liposomal nanoparticle formulation of 
cisplatin. The ability of Lipoplatin™ to target primary tumors and metastases, using the permeability of the 
vasculature and the growing tumor for its preferential extravasation, and to cause a greater damage to tumor tissue 
as compared to normal tissue has been demonstrated in animal and human studies. It was demonstrated that 
Lipoplatin™ can target and kill tumor endothelial cells and, thus, it has the properties of a chemotherapeutic and of 
an antiangiogenesis drug, combined together. CT scans from patients participating in a multicenter Phase III 
clinical study demonstrate appraisal of response to Lipoplatin plus paclitaxel as first line treatment in NSCLC. Our 
results and literature review suggest that key factors for effective chemotherapy treatment and response of NSCLC 
relate to histological type and early diagnosis. We further suggest that liposomes endowed with tumor targeting 
properties can be used as carriers of radioactive material in cancer imaging. 
 
 

I. Introduction 
Lung cancer is the most prevalent malignancy 

worldwide causing 17.8% of all cancer deaths (Spiro et al, 
2002) and the overall 5-year survival rate does not exceed 
15%. Its incidence ranks second in the US, with 213,380 
new cases and 160,390 deaths recorded in 2007 (US 
National Cancer Institute). Non small cell lung cancer, 
(NSCLC) is the most frequent occurring that accounts for 
80% of all lung cancers (Ettinger et al, 2004), while the 
more aggressive and rapidly spreading small cell lung 
cancer, accounts for merely 20% of all cases. NSCLC is a 
slow spreading malignancy that consists of three major 

subtypes, adenocarcinoma, squamous cell carcinoma and 
undifferentiated large cell carcinoma, with frequencies 
50%, 30% and 5%, respectively (Michelle et al, 2007). 

In the current era where we witness breakthrough 
technological advancements, radiology acquired a pivotal 
role in diagnosis and screening of various diseases, 
especially cancer. In the last twenty years, diagnostic 
methods were multiplied and became significantly 
sophisticated, influencing the clinical algorithms and 
modulating the therapeutic strategies of patients, 
particularly those suffering from cancer. However, the 
abundance of current imaging armamentarium, created 
difficulties and questions on the appropriateness and role 
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of each radiology diagnostic method in the management of 
NSCLC patients. Furthermore, for crucial indications such 
as lung cancer, it is more meaningful and relevant to 
establish an improved diagnostic or therapeutic efficacy of 
these diagnostic tools in contemporary clinical practice. 
The purpose of this article is to review the present state of 
the art diagnostic tools, but also to present examples of CT 
imaging using a new anticancer drug, Lipoplatin, endowed 
with tumor targeting and antiangiogenic properties. 

 
II. Chest radiography 
Many studies have assessed the sensitivity of 

conventional chest radiographs in detection of NSCLC. 
However, the general consensus is that a significant 
number of pulmonary nodules may escape detection, 
especially in regions of anatomical overlap, such as the 
ribs and clavicles. Furthermore, particularly for small 
pulmonary nodules, it is generally considered that lesions 
below 2 cm are hardly visible in chest radiography, 
(although one study reported that the lowest size limit of 
visible nodule was 9 mm, Kundel et al, 1981). Apart from 
these factors, the degree of sedulous interpretation of chest 
films, as well as the precise and optimal technique 
employed in their acquisition, seems to play a crucial role 
in visualizing new solitary pulmonary nodules. It was 
shown that nearly 90% of these nodules where visible in 
retrospect in prior radiographs (Muhm et al, 1983). 

In a recent study, it was reported that simple 
radiography has 71.6%±4.8 sensitivity (Tsubamoto et al, 
2002) in the detection of lung cancer, with the lowest rates 
recorded in bronchioloalveolar carcinoma (the subtype of 
adenocarcinoma), which in at least 60% of cases is found 
in the periphery (Patz et al, 2000). A different study stated 
that 85% of undetected lung cancers are peripheral 
(Woodring et al, 1990), whilst other research studies 
exhibited only 40% of patients with stage I disease, were 
diagnosed solely by chest radiography. The results 
rendered no impact in mortality from the disease (Fontana 
et al, 1988). 

Common signs of lung cancer in chest films, 
although non-specific, are: (i) unilateral hilar enlargement 
if a central tumor is involved; (ii) peripheral pulmonary 
opacity, which usually is irregular but can be well 
circumscribed when bronchioloalveolar carcinoma is 
involved; (iii) total, lobar or segmental collapse if the 
tumor grows within the bronchus, as is the case with 
squamous cell carcinoma; (iv) pleural effusion when 
pleura is invaded; (v) broadening of mediastinum when 
paratracheal lymphadenopathy occurs; (vi) rising 
hemidiaphragm in phrenic nerve palsy; (vii) osteolytic 
lesions of the ribs when direct invasion of the chest wall 
occurs, (viii) and finally, the radiographic “S” sign of 
Golden pertains to the characteristic shape of the bulging 
interlobar right fissure as is deviated around a central 
tumor mass (Armstrong et al, 2000). 

Once a lesion is identified as suspicious in chest 
radiography, it is important to compare it with previous 
radiographs. More explicitly, if the lesion was present and 
remained unchanged over a 2-year period, it can be 
presumed benign (Good et al, 1958; Yankelevitz et al, 
1997). Although this might be true, the patient will still 

need to do a CT-scan. In most circumstances, where 
previously no chest radiographs were undergone, these 
patients must also proceed with CT-scanning (Patz et al, 
2000). Finally, through protocol dictation, chest 
radiography is a prerequisite for lung cancer patients 
considered before undergoing surgery. This is also 
accompanied with a CT scan of thorax, liver and adrenal 
glands (British Thoracic Society guidelines). 

Although various studies have attempted to stress the 
potential of chest radiography alone as a screening tool for 
lung cancer in terms of sensitivity, diagnostic efficacy, 
timing and cost-effectiveness, the analysis of the results is 
not encouraging. Currently, there is a an ongoing 
randomized trial from the US National Cancer Institute 
and the American College of Radiology Imaging Network, 
addressing the issue of low dose CT versus chest 
radiography as screening tools. It includes more than 
50,000 individual cases and there is much anticipation of 
its results, which are to be announced in 2009; this study 
will probably resolve the ongoing issue of lung cancer 
surveillance. 

 
III. Computed Tomography 
A. Overview 
Computed tomography has evolved ever since the 

pioneering studies of the English engineers, Hounsfield 
and McCormack, but also since 1973, where the method of 
application to patients was determined. Currently, the 
more sophisticated technology, the multi-detector row CT 
(MDCT) along with advances in software applications, 
allows, finer image resolution, detection of subtle contrast 
differences and minimizes image acquisition time, 
decreasing in this way the motion and partial volume 
effects. On the other hand, during the last decade, data 
acquired mainly through large cancer screening studies 
worldwide (Henschke et al, 1999; Benjamin et al, 2003; 
Midthun et al, 2003; Swensen et al, 2003) have added 
invaluable knowledge to our understanding of the 
morphology patterns, growth rates and biological 
characteristics of lung cancer. 

The above features provided a higher level of 
confidence, particularly in diagnostic dilemmas, as in the 
case of lung cancer imaging, which is of uppermost 
importance to determination of the benign or malignant 
nature of solitary pulmonary nodules (SPN). Even though 
the differential diagnosis of SPN is vast and not limited to 
neoplastic etiology, the tumoral origin bears the highest 
probability in certain patient populations (Helen et al, 
2006). Furthermore, it possesses such a high variability of 
appearance, in terms of size, location, morphology, 
enhancement pattern, and growth rate that in several cases 
it represents a difficult challenge even for the most 
competent radiologist. All these features will be analyzed 
in this review in more detail, but at this point one must 
briefly outline the major applications of computed 
tomography in lung cancer: 

• detection and characterization of pulmonary 
nodules or bigger lesions 

• reliable method (though not the most accurate) in 
staging 
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• accurate guiding for fine needle biopsy of 
pulmonary lesions 

• screening tool, through low dose alternative 
techniques. 

As discussed earlier, there are various features, 
characteristics and parameters that need special attention 
by the radiologist in order to reach a safe conclusion about 
the malignant or benign nature of a nodule. Before their 
description however, it is important to point out the exact 
definition of a pulmonary nodule, since it is the most 
common form of manifestation of NSCLC followed by a 
consolidation-like process and less frequently, multiple 
small subcentimeter irregularly edged nodules. A SPN is a 
round or oval opacity, smaller than 3 cm in diameter that 
is completely surrounded by pulmonary parenchyma, 
which is not associated with lymphadenopathy, atelectasis 
or pneumonia (Midthun et al, 1993). 

 
B. Lesion Characterization 
1. Radiological pattern 
The major classification adapted from most studies 

consists of 3 types of nodules: 
• Solid, which is the most frequent type of nodule 

appearance, but the less likely to be malignant compared 
to other attenuation types. Paradoxically however, most 
cases of NSCLC are detected in solid nodules. On the 
other hand, isolated solid nodules usually represent 
granulomas (Libby et al, 2004). 

• Partly solid or mixed nodules are considered to 
have a higher probability of being malignant (Helen et al, 
2006). This is usually seen in invasive adenocarcinoma, 
when the solid part of the nodule is located centrally and 
the size is increased (Henschke et al, 2002; Li et al, 2004). 

• Non-solid or ground glass nodules are 
potentially malignant, but less than that of partly solid 
ones. In most cases, it may represent a benign condition, 
which is mainly due to inflammation. The malignant 
potential of such nodules is increased when they contain 
malignant precursors, as in a atypical adenomatous 
hyperplasia (Kerr et al, 2001; Vazquez et al, 2003). 

Nodules that contain mixed tissue and ground glass 
densities are more commonly associated with 
bronchioalveolar cell carcinoma (BAC), with the ground 
glass part usually lying peripherally. Although 60% of 
BAC cases are present as a solitary nodule (Matthews et 
al, 1975), it may also be present in a multifocal fashion. 
Mucinous subtype is an example of a multifocal lesion, 
that bears well defined nodules of varying sizes or ground-
glass opacities that coalesce and resemble consolidation or 
reticulonodular infiltration (Travis et al, 2005). However, 
solid tumors without air-bronchograms are more 
commonly found in poorly differentiated adenocarcinomas 
(Erasmus et al, 1997). 

 
2. Size 
Although there is no formative size guideline to 

determine the nature of a nodule, it can generally be stated 
that the larger the nodule the higher the probability of 
malignancy, with more than 90% of the nodules (<2 cm) 
in a benign state (Gurney et al, 1993; Swensen et al, 
2005). Data obtained from a Mayo Clinic CT Screening 

Trial (Swensen et al, 1999) states that nodules in the range 
of 4-7 mm in diameter are malignant in 0.9%, and for 
those less than 3 mm the respective percentage is 0.2%. 
Except for the prognostic value of size in the 
characterization of the nodule, another important 
application is the relevant time of screening for the 
disease, a subject that will be detailed later in the review. 

 
3. Distribution 
Although, nodule distribution is not a safe predictor 

of its benign or malignant nature (Swensen et al, 1999), 
several studies have concluded that most malignant 
nodules tend to be located in the right lung and more 
specifically in the upper lobe (Swensen et al, 2000; 
Winner-Muram et al, 2002). This however, does not imply 
that the left lung and/or the lower lobes are spared, as the 
latter is usually affected in patients with idiopathic 
pulmonary fibrosis, particularly the periphery (Lee et al, 
1996). In these cases, the left lung is affected 1.5 times 
less commonly than the right. (Garland et al, 1961) 
Furthermore, adenocarcinoma, as well as BCA and 
undifferentiated large cell carcinoma, tend to occur in the 
periphery, while the squamous cell carcinoma subtype, 
occurs centrally, producing obstructive symptoms (Quinn 
et al, 1996). 

 
4. Morphological and constitutive 

characteristics 
The edge of the lesion, which has been studied more 

thoroughly, can provide the radiologist with an assumption 
rather than a definite impression for differentiating 
between a malignant or benign lesion. Despite this fact, 
there have been some features concerning the margin of 
the nodule that are strong predictors of malignancy and 
these are irregularity, spiculation, and lobulation (Gurney 
et al, 1993). The lobulated margin is due to the dynamic 
process of uneven growth rates of the tumor (Swensen et 
al, 1997), while the irregularity and spiculation result from 
the extension pattern of the cancer cells in the pulmonary 
structures (Heitzman et al, 1982). In the same way that an 
irregular margin does not necessarily indicate malignancy 
(Huston et al, 1987), the reverse is also true as up to one 
third of malignant lesions the margin observed is smooth 
(Bateson et al, 1965; Siegelman et al, 1980; Seemann et al, 
2000). The same stands for most case of adenocarcinomas, 
particularly the poorly differentiated ones (Erasmus et al, 
1994). 

Probably the most important feature for malignancy 
exclusion of a nodule is the presence of calcification, its 
pattern and locus of distribution correlated with the size of 
the nodule. We distinguish 4 patterns of calcification: 
central nidus, laminated, popcorn and diffuse. In the 
presence of one of the patterns, it has been stated that the 
likelihood of benignity approaches 100% (Siegelman et al, 
1986; Zerhouni et al, 1986). However, up to 45% of 
benign nodules are not calcified and CT studies have 
shown that up to 13% of lung cancers have some 
calcification, particularly when it is located eccentrically 
in the nodule (Zerhouni et al, 1986). The pattern of 
distribution in malignant lesions may be amorphous, 
stippled or diffuse (Mahoney et al, 1990). 
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The presence of fat in a lesion or nodule is also 
considered a marker indicating benignity, a common 
constituent of hamartomas or lipomas. However, 
malignancy does not exclude its presence, especially 
metastatic lesions of liposarcomas and renal cell 
carcinomas (Muram et al, 2003). In up to 55% of BAC, air 
bronchograms resemble pseudocavitation. Although, the 
percentage seems quite high, it is a more common feature 
in small cell carcinomas (Zwirewich et al, 1991). 

 
5. Contrast enhancement 
The administration of iodinated contrast material 

during CT examination and monitoring of the nodule 
behavior concerning its uptake is another rough guide for 
the benign or malignant nature of the lesion. Enhancement 
of the lesion is analogous to its vascularity and although 
non-specific, increased enhancement is usually related to 
malignancy (Swensen et al, 1995; Swensen et al, 1996). It 
was shown that after a standard dose of intravenous 
contrast, nodules that failed to enhance ≤15HU were found 
to be benign with a positive predictive value of nearly 
99%, (Swensen et al, 2000) while the minimal enhancing 
rim sign with a density of <15HU surrounding a 
homogeneously low density centered nodule has been 
associated with increased probability of a benign lesion 
(Muhm et al, 2003). However, again this does not 
represent a clear-cut guide since the percentage of 
enhancement of malignant nodules with more than 15HU 
is only 58%, the remaining represents benign lesions or 
active inflammation. 

 
C. Staging solely by computed 

tomography 
There are two actual methods for lung cancer 

staging, especially for NSCLC, as small cell carcinoma is 
staged in a different way. Initially, clinical staging is done 
simultaneously or at least shortly after diagnosis, but 
before the initiation of a specific treatment plan and the 
pathologic staging that is performed on patients that have 
undergone surgery (in this way the true extent of the 
disease is more accurately expressed). It is not so 
infrequently that the latter upgrades the initial clinical 
stage while the reverse only exceptionally may occur. 

Although nowadays, other imaging modalities with 
better accuracy may be used for staging NSCLC, CT was 
and remains the initial and routine method applied to 
patients. The staging of NSCLC follows the TNM system 
as defined by the American Joint Committee on Cancer 
(AJCC) (Greene et al, 2002). In a recent comparison study 
of the available techniques used for staging, De Wever and 
colleagues reported in 2004 that CT alone can assess 
globally the TNM status of a patient in 46% of cases 
compared to 70% for integrated PET-CT units. 
Furthermore, the authors report sensitivity, specificity, 
PPV, NPV and accuracy values of 83%, 68%, 60%, 88% 
and 74% respectively, for the detection of malignant 
lymph nodes which is the primary concern for correct 
staging of the cancer. From the listed values, particularly 
sensitivity, which in general are higher than those reported 
in previous studies (McLoud et al, 1992; Winer-Muram et 

al, 2002), worthy of remark is the relatively low specificity 
and PPV for the detection of malignant lymph nodes, an 
issue that determines the important N status, that will be 
analyzed under the comparison of the various methods 
later in this review. 

Lymph node involvement and enlargement is of 
paramount importance in staging NSCLC and certainly 
requires particular attention. Earlier data demonstrated that 
the most important predictor of malignancy in a lymph 
node was a short axis diameter of more than 10 mm for 
mediastinal lymph nodes and 7 mm for hilar nodes (Glazer 
et al, 1985; Quint et al, 1986; Deslauriers et al, 2000). 
Although this indication bears some truth, it cannot be 
used always as a safe guide for distinguishing malignant 
from benign enlarged lymph nodes, since, particularly in 
adenocarcinoma, 25% of resected normal-sized lymph 
nodes were found to be metastatic (Kerr et al, 1992). 
Additionally, in a correlation study of clinical and 
pathologic staging, the 10 mm limit was found to have 
sensitivity and specificity of 64% and 62% respectively, 
for detection of malignancy (McLoud et al, 1992). 
Furthermore, there are still some factors that weaken the 
10mm limit, such as the fact that mediastinum normally 
contains lymph nodes of variable size, orientation of the 
scan plane that affects measurement of the node, and 
comorbid conditions such as infection, inflammation or 
reactive hyperplasia, which provoke the same state. 

CT in general, can reliably determine assessment of 
the N status in NSCLC, but there are more sensitive 
methods for establishing the presence of metastases. Lung 
cancer, especially the small cell type, is commonly 
associated with hematogenous spread at the time of 
diagnosis. Concerning NSCLC, squamous cell carcinoma 
is the subtype less commonly associated with early 
metastasis. Routine CT examination for staging in 
NSCLC, includes liver and adrenals, common target 
metastatic sites, especially the latter being present in 
nearly 7% of NSCLC patients (Silvestri et al, 1995). MRI 
however, is slightly better in detection of secondary 
lesions in these organs, and is the method of choice for 
brain metastases, though uncommon for NSCLC to occur 
in isolation (Hooper et al, 1984; Klein et al, 1991) and can 
exist without creating symptoms, particularly with 
adenocarcinomas (Newman et al, 1974; Kormas et al, 
1992). There is no doubt that CT accurately demonstrates 
bone involvement, usually occurring in vertabral column, 
but in symptomatic patients, bone scintigraphy in 
correlation with radiographs, seems to be a better approach 
for differentiation between metastasis and coexisting 
degenerative disease. 

 
D. CT-guided pulmonary biopsy 
The more invasive biopsy techniques which, 

however, provide the most accurate characterization of a 
nodule or lesion, are video-assisted thoracoscopic and 
open surgical biopsy. However, the advances in CT 
technology, the small-sized nodules, the fact that some 
patients are not candidates for surgery and the avoidance 
of purely invasive procedures in suspicious benign 
nodules, has made the fine needle or core biopsy 
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techniques under CT guidance reliable alternatives for this 
purpose. 

 
E. CT screening for NSCLC 
Screening for lung cancer is a matter of dispute since 

early 1980s. The facts that disease is usually diagnosed at 
an advanced stage (in US only 12% of patients present 
with stage I and 15% with stage II disease) (Wagner et al, 
1996), there is less than 15% 5-year survival (Van 
Klaveren et al, 2001) and 7% 10-year survival, and that 
other efforts of screening such as sputum cytology were 
shown ineffective (Melamed et al, 1984; Kubik et al, 
1986; Fontana et al, 1988), turned the surveillance issue 
towards imaging. Earlier studies tested the efficacy of 
chest radiology as a screening tool but the results were 
inconclusive as chest X-ray could detect stage I lung 
cancer in only 40% of patients, with no impact on disease 
mortality (Fontana et al, 1988). 

With the emergence and development of CT, and 
especially low-dose spiral MDCT, screening for NSCLC 
appeared more feasible. Several screening studies have 
reported an early stage lung cancer detection in 55-80% of 
cases. CT was introduced as a screening tool by Japanese 
investigators in early 1990s (Kaneko et al, 1996; Sone et 
al, 1998) with encouraging results. Recently, a large 
international screening study with 25.000 participants 
demonstrated that stage I disease can be detected in 80% 
of cases (Henschke et al, 1999). Toward this, the 
development of software applications and emergence of 
Computer Aided Diagnosis (CAD) (Kim et al, 2005; Li et 
al, 2005) revealed some other parameters to exploit and 
use as potential adjuncts in screening and diagnosis, such 
as volumetry, growth rate assessments and 3D 
reconstructions. 

The growth rate of a nodule is itself a prognostic 
factor in patients with lung cancer (Usuda et al, 1994), and 
volumetry is important for establishing the doubling time 
Td. This is calculated by the equation: 
Td=Tixlog2/3xlog(Di/Do) where Ti=interval time, 
Di=initial diameter and Do= final diameter. A 25% 
increase in diameter is approximately equivalent to 
volume doubling (Armstrong et al, 2000). Doubling time 
of lung cancer ranges from 30 to 490 days, with 20% of 
tumors exhibiting doubling time of more than 465 days 
(Winer-Muram et al, 2002). Although the majority of lung 
cancers have rapid or moderately rapid growth rates, 
benign lesions may also grow in this rate (Winer-Muram 
et al, 2005). This, combined with the fact that there are 
limitations in precise measurement such as the necrotic, 
hemorrhagic or ground glass components of many tumors, 
indicate that doubling time can not be used as an accurate 
screening criterion in practice, but probably as means of 
differentiation of neoplastic from infective nodules, 
especially if Td is extremely short. 

Recently however, the Fleischner Society 
(MacMahon et al, 2005) issued recommendations, 
according to which it is safe to characterize a nodule as 
benign if no growth has been observed in two years. 
Furthermore, based on the observations of Hasegawa et al, 
2000, that mean volume doubling times were 813 days for 
ground-glass opacities, 457 days for solid nodules with 

ground-glass component, and 149 days for purely solid 
nodule size less than 5 mm, they proposed that longer 
follow-up intervals are appropriate for non solid nodules. 
Various other studies (Henschke et al, 2004, 2006) 
concluded that safe criteria for probable exclusion of 
malignancy are nodular size less than 5 mm (Midthun et 
al, 2003) and presence of small foci of clustered nodules, 
which usually indicate inflammatory or post-inflammatory 
origin. Finally randomly distributed nodules have many 
differential diagnosis including cancer, and annual 
monitoring is adequate for avoiding delayed diagnosis in 
nodules of initial size less than 5mm (Henschke et al, 
2004). 

As it was stated initially in this section, there is a 
large dispute concerning NSCLC screening by CT and 
there are several arguments supporting it. Firstly and most 
importantly, it has not been proven that screening 
produces an actual or statistically significant reduction in 
mortality rate (Flehinger et al, 1992; Chirikos et al, 2002). 
Secondly, certain limitations such as length bias i.e. loss of 
tumors that progress rapidly, and over diagnosis bias i.e. 
detection of tumors that would not have resulted in 
patient’ s death due to an extremely slow rate of growth. 
Thirdly, issues of cost-effectiveness of CT screening 
versus anti-smoking campaigns or alternative techniques 
such as efficient molecular sputum markers (Tockman et 
al, 1997) since it was shown among others, that CT 
surveillance requires further diagnostic evaluation by other 
methods in at least 23% of cases (Henschke et al, 1999; 
Chirikos et al, 2002). 

In conclusion, we can state that CT screening 
certainly has a place in surveillance of NSCLC. Valuable 
information regarding this issue are expected from the 
large randomized study sponsored by the US Cancer 
Institute and the American College of Radiology Imaging 
Network that has enrolled more than 50,000 individuals 
and compares the efficiency of screening by chest 
radiology and CT (Hillman et al, 2003). 

 
IV. Positron Emission Tomography 

(PET) 
Positron emission tomography (PET) allows imaging 

of physiological molecules labeled with radioisotopes as 
an expression of metabolism. PET has greatly contributed 
to oncology, and particularly in lung cancer diagnosis and 
management. In 1998, Medicare in USA justified its usage 
for certain clinical indications, after it was shown that it 
changed the treatment plan in 40% of cancer patients and 
more specifically 18% of lung cancer patients (Weber et 
al, 2003), and despite being expensive, in the long run, 
reduced the healthcare costs. Furthermore, Van Tinteren et 
al, demonstrated that PET reduced futile surgery by 51% 
and prevented unnecessary surgery in 1 of 5 patients in a 
prospective study of 188 patients suspected to have 
NSCLC (Van Tinteren et al, 2002). 

Although, a thorough description of the method is 
beyond the scope of this review, the basic principle is that 
fluorine-18 (18F) attaches to deoxyglucose to produce 
fluorodeoxyglucose (FDG), as a marker of cellular glucose 
metabolism. Tumor and inflammatory cells have higher 
rates of glucose metabolism due to higher glucose uptake. 
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The amount of FDG trapped within the lesion can be 
identified with the use of PET camera, and quantitatively 
be assessed by the standardized uptake value (SUV), an 
objective measurement of positron activity in the region of 
interest. There is evidence (Brown et al, 1999; Higashi et 
al, 2000) for a correlation of the FDG uptake to the degree 
of differentiation of adenocarcinoma, and generally the 
subtype of NSCLC, with expression of Glut-1 glucose 
transporter. 

FDG-PET has a sensitivity range of 90-100% and 
specificity range 69-95% in detecting malignancy of a 
solitary nodule (Lowe et al, 1998; Herder et al, 2000; 
Gould et al, 2004). However, there is the size threshold of 
10 mm, below which the above values drop significantly, 
since one study showed that FDG-PET missed the verified 
malignancy of 8 out of 20 nodules below 1 cm in size 
(Nomori et al, 2004). Apart from the nodular size 
limitation, FDG-PET can provide false positive results in 
well-differentiated tumors such as BAC (Abouzied et al, 
2004; Verschakelen et al, 2004; Steinert et al, 2005) in 
granulomatous diseases such as tuberculosis and 
sarcoidosis and fungal pulmonary infections (Roberts et al, 
2000). Furthermore, the serum glucose level of the patient, 
which if raised causes reduced FDG uptake into tumor 
cells, can influence imaging and subsequently the 
diagnostic efficacy of PET. 

 
V. Staging with PET and comparison 

with other modalities 
The available PET scanners, though offering 

valuable metabolic information, leave a lot to be desired 
on the anatomical details and localization of lesions. This 
limitation however, was overcome initially by the visual-
fusion of CT and PET images and recently by the 
introduction of the dual-modality units or integrated PET-
CT scanners. The first approach, though more rewarding 
anatomically-wise, proved unsatisfactory and complex due 
to differences in patient positioning and motion-induced 
data misregistration (Townsend et al, 2001; Beyer et al, 
2002). Integrated PET-CT, on the other hand, improved 
diagnostic accuracy when compared with the separately 
acquired approach, even from preliminary studies (Antoch 
et al, 2003; Aquino et al, 2003; Cerfolio et al, 2004). A 
recent study (Tsubamoto et al, 2002) that compared the 
efficacy of integrated PET-CT with CT alone, PET alone, 
and visually correlated PET/CT, demonstrated superiority 
in prediction of TNM status, both globally and 
individually for T, N and M parameters. 

Moreover, it demonstrated an accuracy of 84% in 
detection of malignant lymph nodes for integrated PET-
CT, with sensitivity, specificity, PPV and NPV of 83%, 
84%, 75% and 90% respectively, versus 83%, 81%, 71% 
and 89% for PET alone, and 83%, 78%, 68% and 89% for 
visually correlated PET/CT. Although subtle differences, 
these findings were verified by other studies (Antoch et al, 
2003, Aquino et al, 2003; Lardinois et al, 2003; Cerfolio et 
al, 2004; Shim et al, 2005) especially in stage I and II 
disease, leading to a change in tumor stage in 26% of 
patients compared to PET alone, and modulation of 
treatment plan in 15% of patients (Cerfolio et al, 2004). 

Moreover, the more striking superiority of integrated PET-
CT is in assessment of N status, particularly the precise 
verification of N0 status (Scott et al, 1996; Vansteenkiste 
et al, 1998; Magnani et al, 1999; Hany et al, 2002; Antoch 
et al, 2003; Lardinois et al, 2003), the important 
differentiation of N1 and N2 (Asamura et al, 2000), and 
finally, the identification of N3 with supraclavicular 
involvement (Antoch et al, 2003; Aquino et al, 2003; 
Lardinois et al, 2003; Cerfolio et al, 2004). 

 
VI. MRI of NSCLC 
Cost, being time-consuming, and limited access are 

the main reasons that MRI is not widely used in NSCLC 
diagnosis and staging, apart from the fact that in general 
terms, superiority compared to CT has not been proved. 
There are instances however, that MRI may be employed 
for better results, namely detection of brain metastases 
which are more common with adenocarcinoma than 
squamous cell carcinoma, clarification of tumor invasion 
in local structures such as chest wall, pleura, heart and 
pericardium, and extension of superior sulcus tumors 
through the lung apex in the lower neck (Heelan et al, 
1989). However, the increasing application of MDCT has 
obviated some of these indications for MRI, which is 
therefore not routinely employed in lung cancer patients. 
There have been some MRI techniques, such as MRA, 
which show sensitivity up to 90%, specificity up to 87% 
and accuracy up to 88% (Ohno et al, 2001) in mediastinal 
and hilar invasion, but even so, application of MRI is 
reserved for selected cases, including liver and adrenal 
metastases that have not been clarified by CT. 

 
VII. Radiological evaluation of the 

response to treatment 
The introduction of a standard evaluation of the 

response of neoplastic lesions to therapy is important in 
clinical practice, not only for the standardization of 
clinical protocols, but also for the management of the 
cancer patient. The international criteria were introduced 
in the 1980s by WHO, and have been recently updated and 
correlated with the advances in imaging technologies. 
WHO criteria used the bi-dimensional measurement 
approach and were defined as following: Complete 
Response (CR) as disappearance of all known lesions 
confirmed at 4 weeks. Partial response (PR) as >50% 
reduction in the sum of the products of the perpendicular 
diameters of all measurable lesions, lasting for at least 4 
weeks, during which time no new lesions appeared and no 
existing lesions enlarged. Stable disease (SD) as 50% 
reduction to 25% increase in the sum of the products of the 
two perpendicular diameters of all measurable lesions and 
the appearance of no new lesions for 8 weeks. Progressive 
disease (PD) as a >25% increase in the product of the two 
perpendicular diameters of any measurable lesion over the 
size at study entry, or, for patients who responded, the size 
at the time of maximum regression and the appearance of 
new areas of malignant disease. 

In 1994, the European Organization for Research and 
Treatment in Oncology, the National Cancer Institute of 
the United States, and the National Cancer Institute of 
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Canada Clinical Trials Group, set up a task force with the 
objective to review tumor measurement techniques. The 
resulting guidelines, an outcome of retrospectively 
analyzing more than 4000 patients from fourteen trials, 
based on the model proposed by James et al, 1999 were 
published in the Journal of National Cancer Institute in 
February 2000. According to these RECIST criteria 
(Response Evaluation Criteria In Solid Tumors), a single 
measurement, more specifically the largest diameter in the 
transverse plane, suffices for quantifying tumor burden. 
Furthermore, RECIST proposed that measurements should 
arbitrarily include and limited to five lesions per organ and 
ten lesions per patient in those with tumors in multiple 
organs. As far as the unidimensional measurement 
approach is concerned, the criteria for treatment response 
were modified accordingly, with partial response being 
defined as greater than 30% reduction in tumor diameter, 
stable disease being less than 30% reduction or less than 
20% increase of lesion diameter, and disease progression 
being greater than 20% increase in tumor size (Therasse et 
al, 2000). 

Computed tomography and MRI are the most reliable 
and reproducible imaging modalities for measuring target 
lesions. The type of CT scanner is important regarding the 
slice thickness and minimum size lesion. For spiral CT 
scanners, the minimum lesion at baseline may be 10 mm, 
provided that images are reconstructed contiguously at 5 
mm intervals. For conventional CT, there is a minimum 
lesion size limit of 20 mm at baseline, by use of a slice 
contiguous slice thickness of 10 mm. As a rule of thumb, 
the minimum size of the lesion should be no less than 
double the slice thickness (Therasse et al, 2000). 

In terms of radiological criteria, RECISΤ criteria 
have limitations that every radiologist should be familiar 
with. More specifically, the cystic lesions by definition are 
non-measurable, although many lesions that may have a 
central cystic or necrotic component, which modifies 
during treatment, should be taken under consideration in 
evaluating the response. Furthermore, RECIST criteria 
ignore the morphological changes that occur within 
neoplastic lesions, such as calcification, hemorrhage or 
necrosis. Another drawback pertains to lymph node 
involvement. These should be measured in the short axis 
dimension, since it is the best predictor of metastatic 
disease presence. Apart from that, it can be hypothesized 
that a metastatic lymph node in complete remission will 
return to its normal dimensions, which on individual basis 
are not specified and can therefore not be defined 
(Husband et al, 2004). According to the RECIST criteria 
bone metastasis is defined as “non measurable”, but the 
efficacy of MRI in evaluating the size of bone lesion has 
been demonstrated, and is widely used in clinical practice 
(Ciray et al, 2001). Finally, a crucial matter that RECIST 
criteria “ignore”, is the application of maximum “axial 
diameter” as the sole measurement criterion of tumor 
response, without exploiting the new developments and 
tools of three-dimensional reconstruction imaging 
provided by MRI and MDCT. In conclusion, the gradually 
increasing use of the latter modalities supplemented by 
PET and integrated PET/CT scanning, tend to outdate 
RECIST criteria’s validity in precise and accurate tumor 

response evaluation, substantiating the need for revision, 
addition and modification more imperative (Suzuki et al, 
2008). 

 
VIII. Lipoplatin 
A. Lipoplatin as a tumor targeting 

nanoparticle and as an anti-angiogenesis drug 
Cisplatin continues to be one of the cornerstone 

drugs in the treatment of epithelial malignancies among 
over 700 FDA-approved drugs. However, cisplatin 
damages, indiscriminately, cancerous and normal tissue. 
Its severe side effects arise from induction of apoptosis in 
normal tissue in treated patients especially in peripheral 
nerves, renal tubules, bone marrow and gastrointestinal 
tract. The side effects of chemotherapy have prompted 
academic institutions, as well as biotechnology and 
pharmaceutical companies to invent new ways of 
delivering drugs. One fruit of the effort evolved from the 
genesis of the field of liposomes, pioneered by Gregoriadis 
and Papahadjopoulos and in the creation of the field of 
nanotechnology aimed at wrapping up old drugs or new 
molecules into nanoparticles composed of a variety of 
peptides, polymers, dendrimers, and hyperbranched 
polymers (Boulikas et al, 2007). 

 Patented platform technologies have been used for 
the liposomal encapsulation of cisplatin into tumor 
targeted 110-nm in diameter Lipoplatin™ nanoparticles 
(also termed Oncoplatin™ and Nanoplatin™). Non-
PEGylated liposomes are taken up by liver macrophages 
and destroyed with a half-life in body fluids of 20 min. On 
the contrary, PEGylated liposomes, such as those of 
Lipoplatin, display a half-life of 5 days in body fluids 
(Boulikas et al, 2004). 

The advantage of Lipoplatin™ over cisplatin is 
suggested to result from the ability of Lipoplatin™ to 
target primary tumors and metastases using the 
permeability of the vasculature of the growing tumor for 
its preferential extravasation and to cause a greater 
damage to tumor tissue compared to normal tissue as 
demonstrated in human studies (Figure 1). The Lipoplatin 
formulation uses the anionic lipid DPPG that gives 
Lipoplatin its fusogenic properties presumably acting at 
the level of entry of the drug through the cell membrane 
after reaching the target tissue (Figure 2). 

Animal studies suggested that genes wrapped up in 
Lipoplatin™ shells target not only the tumors after 
systemic delivery but also their vasculature and result in 
the expression of a functional gene product after crossing 
the cell membrane barrier (Figure 3). It is being inferred 
that Lipoplatin™ is endowed with the properties of 
cisplatin plus the ability of its nanoparticles to target and 
kill endothelial cells of tumor vasculature suggesting that 
this drug has two properties, that of a chemotherapy drug 
and that of an antiangiogenesis agent, combined together. 

Figure 3 shows a SCID mouse implanted with MCF-
7 human breast tumor cells that were allowed to develop 
into large measurable solid tumors at about 30 days post-
inoculation. The animal was injected i.p. with a 
liposomally encapsulated plasmid carrying the beta-
galactosidase gene under control of the CMV promoter. 
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The encapsulated plasmid had the same shell as 
Lipoplatin. Following systemic injection with the reporter 
beta-galactosidase gene, and at 24 h postinjection the 
carcass was stained with X-Gal to reveal the sites of 
transgene expression. It can be concluded that the 
liposomally encapsulated gene was dramatically 
concentrated into tumors, it crossed successfully the cell 
membrane, survived any lysosomal, endosomal or 
cytoplasmic nucleases, was imported into nuclei, was 
successfully expressed into RNA and translated into 
protein responsible for the blue staining 24-h from 
injection. 

It is evident that the sites of gene transfer and 
expression in vivo are primarily the tumor and the 
subcutaneous vasculature developed to supply the tumor 
with nutrients indicating that cells (endothelial cells) of 
tumor vasculature are the targets for entry of the liposome 
and expression of the foreign gene. A control experiment 
with the same amount of naked plasmid did not reveal 
gene expression in the tumor and most other tissues 
presumably as a result of plasmid degradation in the 
peritoneal cavity. 

Since the LipoGene vehicle mediates delivery and 
expression of the gene, both in tumor cell mass and in 
tumor vasculature, it is concluded that LipoGenes (and by 
extension Lipoplatin) enter through the cell membrane in 
both cell types. It is known that plasmid DNA is poorly 
taken across the nuclear membrane barrier. It is concluded 
that Lipoplatin causes apoptotic death to endothelial cells 

of tumor vasculature in addition to the apoptosis it induces 
to the tumor cells as deduced from previous studies in 
xenografts (Boulikas et al, 2004). All these observations 
lead to the conclusion that Lipoplatin not only kills tumor 
cells but also cells of the tumor vasculature. It can 
therefore be classified also as an anti-angiogenesis agent. 

 
B. Tumor targeting in human studies 
Lipoplatin is preferentially concentrated in the 

primary tumor and the metastases in human patients 
undergoing chemotherapy. High tumor levels are seen at 
about 20 h from infusion of the drug under conditions 
where blood levels of Lipoplatin have dropped. Targeting 
is done at two levels: (i) after intravenous injection 
Lipoplatin is preferentially (40-times) concentrated into 
tumors by extravasation through the leaky tumor 
vasculature; (ii) once inside the tumor Lipoplatin is taken 
up more avidly by the cell membrane of the tumor cell 
compared to normal cell (5 times more). These two 
mechanisms together contribute to a 200-fold higher 
damage to cancer tissue compared to normal tissue and 
contribute to the low side effects of the drug. This was 
shown by intravenous infusion of Lipoplatin in four 
independent patient cases (one with hepatocellular 
adenocarcinoma, two with gastric cancer, and one with 
colon cancer) who underwent Lipoplatin infusion followed 
by a prescheduled surgery ~20h later (Table 1). 

 

 
 

Figure 1 Left. Cross section of a nanoparticle of Lipoplatin. The model shows the lipid bilayer and the cisplatin molecules in its lumen 
(yellow spheres) with the PEG molecules on its surface (red hair-like structures) coating the particle with a hydrophilic inert polymer 
giving the ability to escape detection from macrophages and evade immune surveillance. Right. Lipoplatin nanoparticles evade immune 
surveillance because of their PEG coating and extravasate preferentially into primary tumors and metastases through the compromised 
endothelium of their vasculature due to their small size (110 nm) and long circulation. Even tiny tumors of a size of a pinhead, often 
invisible in CT scans of x-rays, sprout new vasculature in a process known as neoangiogenesis; these lesions are accessible to Lipoplatin. 
Thus, Lipoplatin nanoparticles can target primary tumors and micro metastases, which was shown in animal and human studies. In addition, 
Lipoplatin nanoparticles were proposed to be able to target the endothelium of the tumor vasculature causing apoptosis, thus, endowed with 
antiangiogenesis properties (Boulikas et al, 2007). The Figure depicts the extravasation process (right) through the compromised 
endothelium of the vasculature of the tumor. Reproduced from Boulikas et al, 2007 with kind permission from Therapy Press, Mountain 
View, California, USA. 
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Figure 2. Activation of signalling pathways by cisplatin and Lipoplatin including the mitochondrial, DNA damage, ERK, PI3K/AKT1 and 
death receptor leading to caspase activation and apoptosis is shown. Ctr1, the major copper influx transporter, imports Cisplatin. Two 
copper efflux transporters, ATP7A and ATP7B, situated at the periphery of the cell membrane regulate the efflux of cisplatin. Instead, 
Lipoplatin bypasses Ctr1 thanks to the fusogenic DPPG lipid which commands direct fusion with the cell membrane and cisplatin deliver 
across the membrane barrier. In addition, because of its 110-nm particle size (compared to cisplatin with a molecular dimension of less 
than 1 nm) Lipoplatin is taken up by phagocytosis. Tumor cells are known to be more actively engaged in phagocytosis than normal 
tissue. Thus, Lipoplatin acts as a Dorian Horse for tumor cells. Lipoplatin is proposed to be able to bypass cisplatin resistance. 
Reproduced from Boulikas et al, 2007 with kind permission from Therapy Press, Mountain View, California, USA. 
 

 
 
Figure 3. Targeting of the vasculature of the primary tumor and the metastases after systemic delivery of “Lipogenes” using our 
proprietary liposomal encapsulation technology. The photo shows a SCID mouse implanted with MCF-7 human breast tumor cells. 
Following systemic injection with the reporter β-galactosidase gene, the carcass was stained with X-Gal. Preferential staining of the 
tumors, especially of the vascular system around the tumors is evident. Reproduced from Boulikas et al, 2007 with kind permission from 
Therapy Press, Mountain View, California, USA. 
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Table 1. Summary of human targeting by Lipoplatin. 
 

Patient # and specimen Trapped Tumor/ normal Reacted Tumor/ normal 
#1 Liver tumor 5.18 0.31 33.18 10.50 
#1 Normal liver tissue 16.45  3.16  
#1 Colon metastasis 4.44 74.00 2.17 27.12 
#1 Normal colon tissue 0.06  0.08  
#2 Liver metastasis 34.51 2.04 96.64 24.16 
#2 Normal liver tissue 16.94  4.00  
#3 Stomach tumor 1 44.17 16.86 220.45 55.53 
#3 Stomach tumor 2 28.46 10.86 37.92 9.55 
#3 Normal stomach tissue 2.62  3.97  
#4 Colon tumor 1 4.42 221.00 6.85 171.25 
#4 Colon tumor 2 1.86 93.00 5.83 145.75 
#4 Normal Colon tissue 0.02  0.04  

 
 

Tumor specimens were first extracted in saline and 
the platinum that was solubilized was related to platinum 
trapped in tissues («Trapped» in Table 1) that 
presumambly did not cross the cell membrane. Saline-
insoluble material from tumor specimens was then 
extracted in SDS (sodium dodecyl sulfate) that disolved 
membranes, proteins, RNA and DNA thus revealing the 
amount of platinum that was bound to macromolecules 
(«Reacted» in Table 1). Platinum levels in tumor 
specimens were compared with levels in the adjacent 
normal tissue and the ratio was recorded (Table 1). 

Direct measurement of platinum levels in extracts 
from specimens from the excised tumor and the adjacent 
normal tissue as well as metastases (colon metastasis from 
a liver tumor, liver metastasis from a gastric cancer) 
showed that total platinum levels that reacted with 
macromolecules and caused damage to tissue were on the 
average 10 to 171 times higher in malignant tissue 
compared to the adjacent normal tissue specimens; most 
effective targeting was observed in colon cancer with an 
accumulation up to 200-fold higher in colon tumors 
compared to normal colon tissue. Gastric tumor specimens 
had the highest levels of drug than any other tissue 
(Boulikas et al, 2005, Table 1). 

In conclusion, Lipoplatin has the ability to 
preferentially concentrate in malignant tissue both of 
primary and metastatic origin following intravenous 
infusion to patients. In this respect, Lipoplatin emerges as a 
very promising drug in the arsenal of chemotherapeutics. 

 
C. Clinical development of Lipoplatin 
A phase I study on Lipoplatin™ as second- or third-

line treatment has been completed on 27 patients (19 
pancreatic carcinoma, 6 renal cell carcinoma, 1 with 
gastric cancer and 1 with squamous cell carcinoma of the 
head and neck) and with dose escalation from 25 mg/m2 to 
125 mg/m2. The highlights of this study were that 
Lipoplatin had a mild hematological and gastrointestinal 
toxicity and did not show any nephro-, neuro-, oto-
toxicity, did not cause hair loss and was void of most other 
side effects (Stathopoulos et al, 2005). This drug received 
the orphan drug status by EMEA in 2007 against 
pancreatic cancer. A phase I/II dose escalation study of 
Lipoplatin and gemcitabine has been completed in 

advanced stage pretreated pancreatic cancer patients. 
Myelotoxicity of grades 3 and 4 was observed at 125 
mg/m2 of Lipoplatin™ and 1000 mg/m2 of gemcitabine 
and therefore this dose scheme was considered as DLT 
whereas the dose of 100 mg/m2 of Lipoplatin™ and 1000 
mg/m2 of gemcitabine on days 1,15 in a 28-day cycle for 3 
cycles as the MTD (Stathopoulos et al, 2005a). There are 
several ongoing Phase II studies the results of which will 
be reported including: Lipoplatin monotherapy against 
NSCLC, Lipoplatin plus gemcitabine against NSCLC, 
Lipoplatin plus intravenous navelbine against metastatic 
breast cancer and others. 

There are three ongoing Phase III studies. The first 
Phase III (LipoGEM), is a randomized multicenter clinical 
study that compares 120 mg/m2 Lipoplatin on days 1,8,15 
plus 1g/m2 gemcitabine on days 1,8 (Arm A) with 100 
mg/m2 cisplatin on day 1 plus 1g/m2 gemcitabine on days 
1,8 (Arm B). The cycle in each arm is 21 days and 
treatment is given for six cycles or until disease 
progression as first line treatment in patients with non-
small cell lung cancer (NSCLC). Overall, this Phase III 
study shows that Lipoplatin™ appears to have a better 
safety profile and equivalent or slightly improved 
therapeutic profile than cisplatin, when combined with 
gemcitabine, in patients with advanced NSCLC as first 
line treatment. Particularly important might be the 
significantly lower neuro- and nephro-toxicity of the 
Lipoplatin™ arm and its administration on an outpatient 
basis (Boulikas et al, 2007). 

The second Phase III (LipoTaxol), was initiated in 
April 2006 in Greece. This randomized Phase III uses 200 
mg/m2 Lipoplatin plus 135 mg/m2 paclitaxel administered 
on day 1 repeated every 2 weeks (Arm A). Lipoplatin was 
infused for 8 hours in 1 Lit 5% dextrose. Arm B is 75 
mg/m2 cisplatin (hydration of 2 Lit) and 135 mg/m2 

paclitaxel, administered every two weeks. One cycle is 14 
days and the plan was to give 9 cycles (treatments) per 
patient unless disease progression was detected before the 
9th cycle. As of December 2006, 61 chemo naive patients 
were recruited with a median age of 65 (42-80). 54 were 
evaluable for response and toxicity, 27 in each arm. 
Response: Arm A: PR: 48.15% SD: 37.03% PD: 3.7% and 
clinical benefit 11.11%. Arm B: PR 44.44% SD 44.44% 
PD: 3.7% and clinical benefit 7.41%. Thus, both arms 
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show about the same response rate with a slight superiority 
in the Lipoplatin arm. Toxicity: Arm A: Renal toxicity in 1 
patient (3.70%) neurotoxicity grade I-II in 7 patients 
(25.92%) nausea-vomiting in 5 patients (18.52%) 
myelotoxicity Grade I-II in 10 patients (37.04%). Arm B: 
Renal toxicity in 7 patients (25.92%), neurotoxicity Grade 
I-III in 12 patients (44.44%) nausea-vomit in 7 patients 
(25.92%) myelotoxicity Grade I-III in 17 patients 
(62.96%). Thus, the toxicity differences are very important 
between the two arms. In particular, the renal toxicity 
appears to be 7-fold lower (700% less) in the Lipoplatin 
arm. Also significantly lower are the neurotoxicity and 
myelotoxicity of Grade III (totally absent in the Lipoplatin 
arm). It was concluded that the response rate was similar 
but toxicity and in particular nephrotoxicity, neurotoxicity, 
and myelotoxicity was significantly lower in the 
Lipoplatin arm (Stathopoulos et al, 2007). 

The third Phase III (LipoFU), is a randomized, 
multicenter phase III trial against squamous cell carcinoma 
of the head and neck (SCCHN). The study is comparing 
100 mg/m2/day Lipoplatin (days 1,8,15) plus 1,000 
mg/m2/day 5-FU (days 1 to 5) every 21 days (one cycle) 
for 6 cycles (Arm A). The comparative arm (Arm B) uses 
100mg/m2/day cisplatin (day 1) plus plus 1,000 mg/m2/day 
5-FU (days 1 to 5) every 21 days (one cycle) for 6 cycles 
(Jehn et al, 2007). 

 
IX. CT scans from the Lipoplatin plus 

paclitaxel phase III study 
As has been mentioned already, CT is an excellent 

tool for chemotherapy response evaluation while 
Lipoplatin, being a powerful anti-tumor agent serves an 
ideal candidate whose efficiency could be tested. Figures 4 
through 7 display examples of CT-based therapy appraisal 

according to RECIST criteria, in patients with stage 
IIIb/IV NSCLC who received 200mg/m2 Lipoplatin plus 
135mg/m2 paclitaxel on day 1, dosage repeated every 2 
weeks for 9 cycles. All baseline examinations were 
performed as closely as possible to the commencement of 
treatment. Follow-up examinations were normally 
performed after 4 cycles (8 weeks) and 9 cycles (18 
weeks) whereas any response should be documented after 
4 weeks. Confirmation of chemotherapy response is used 
to prevent any overestimation of the response rate 
observed. Figure 4 shows CT slices of a 77-year-old man 
following chemotherapy treatment with Lipoplatin-
paclitaxel for low differentiated adenocarcinoma. The 
decrease of the primary lesion in the right lobe is 
remarkable after 4 cycles of the specific chemotherapy. 
Figure 5 demonstrates another case of stage IV 
adenocarcinoma with lymph node metastases, which after 
5 cycles of Lipoplatin-paclitaxel regressed substantially. 
Although, these examples do not display the full 
capabilities of a modern CT scanner with various software 
enhancements, it is obvious to the naked eye that the 
volume reduction of the tumor is substantial, after several 
cycles of Lipoplatin-paclitaxel chemotherapy. Figure 6 
shows a CT scan of a NSCLC patient with a large tumor 
mass in the right lobe that is almost absent in the CT scan 
at the same section after 9 cycles of Lipoplatin-paclitaxel. 
These examples exhibit equivalent morphologic tumor 
changes that validate the drug’s efficiency, which, 
compared to the alike chemotherapeutic agents, provides 
increased survival with better tolerance. Figure 7 shows a 
CT scan of a NSCLC patient with a soft tissue mass in the 
left lobe which regressed substantially after 9 cycles of 
Lipoplatin-paclitaxel. 
 

 
 

 

 
 
Figure 4. CT slices (with mediastinal window settings) A. A low differentiated adenocarcinoma in the right upper lobe and B. After 4 
cycles of Lipoplatin-Paclitaxel chemotherapy, the patient shows partial response (PR). 
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Figure 5. (A) A large adenocarcinoma cell tumor (arrows) in the left lower lobe. (B) Follow-up scan taken after 5 cycles of Lipoplatin-
Paclitaxel treatment show reduction of volume of the lesion. 
 
 
 

 
 
Figure 6. Left: CT section demonstrating a large tumor mass in the right lobe. Right: Follow-up scan after 9 cycles of Lipoplatin-
paclitaxel treatment, demonstrates a remarkable mass reduction. 
 
 
 

 
 
Figure 7. Left: CT section demonstrating a large tumor mass in the left lobe. Right: Follow-up scan after 9 cycles of Lipoplatin-
paclitaxel treatment, demonstrates mass reduction. 
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X. Discussion 
A. NSCLC imaging 
The overall mortality rate for lung cancer is high, and 

early diagnosis provides the best chance for survival. CT, 
MRI, and PET play an important role in the detection, 
diagnosis, and staging of NSCLC as well as in assessing 
response to therapy and monitoring for tumor recurrence 
after treatment (Erasmus et al, 2008). CT and MRI are 
used in staging and provide anatomical information but 
have well known limitations in differentiating reactive 
from malignant nodes, and fibrosis from active disease. 
PET (using in the vast majority of cases 
18fluorodeoxyglucose) appears to have high sensitivity and 
reasonable specificity for differentiating benign from 
malignant lesions as small as 1 cm. PET appears superior 
to CT imaging for mediastinal staging in NSCLC (Ung et 
al, 2007). 

CT is considered the standard technique for assessing 
morphologic findings and intrathoracic spread of a solitary 
pulmonary nodule (SPNs). Although the clinical role of 
MRI for SPNs remains limited, dynamic MRI and 
dynamic CT are useful for differentiating between 
malignant and benign SPNs (Fugimoto et al, 2008). A 
PET/CT fusion scan is the most sensitive and accurate 
method of non-invasive mediastinal nodal staging; this 
tool was suggested to be a component of clinical staging 
of all NSCLC patients (Whitson et al, 2008). PET/CT has 
provided an incremental dimension to the management of 
cancer patients by allowing the incorporation of important 
molecular images in radiotherapy treatment planning, ie, 
direct evaluation of tumor metabolism, cell proliferation, 
apoptosis, hypoxia, and angiogenesis. Low-dose computed 
tomography (LDCT) identifies small, early-stage, 
resectable lung cancer in a high-risk population 
(Macapinlac et al, 2008). 

Positron emission tomography (PET) is currently 
accepted as an important tool in oncology, mostly for 
diagnosis, staging and restaging purposes; It can also be 
used for target volume definition in radiotherapy treatment 
planning (Rembielak et al, 2008). 

Radiofrequency ablation (RFA) for thoracic tumours 
has emerged as a minimally invasive therapy option for 
primary and secondary lung tumours and has gained 
increasing acceptance for pain palliation. The procedure is 
well tolerated and the complication rates are low (Steinke 
et al, 2008). 

Approximately 20 to 40% of patients with surgically 
resected stage I non-small cell lung cancer (NSCLC) will 
develop recurrent disease. The 2-[18F]-fluoro-2-deoxy-d-
glucose positron emission tomography is an imaging tool 
for assessing clinical tumor, node, metastasis in NSCLC; 
the primary tumor standardized uptake value (SUV) is a 
prognostic factor for survival as suggested from meta-
analysis (Berghmans et al, 2008). Positron emission 
tomography (PET) with 2-[18F] fluoro-2-deoxy-D-glucose 
(FDG) is also used often in staging NSCLC (Goodgame et 
al, 2008). 18FDG-PET and multislice computerized axial 
tomography (CT) scan are used for diagnosis, staging and 
response evaluation in NSCLC patients (Decoster et al, 
2008). The lesion size, location, conspicuity, and 
histopathology impact the likelihood of lung carcinoma 

detection at digital chest radiography (dCXR) in a fashion 
similar to that of conventional film-screen techniques (Wu 
et al, 2008). Functional imaging using 2-18 fluoro-
deoxyglucose positron emission tomography is 
increasingly used and when combined with anatomic 
imaging provides better staging information for both local 
disease and the extent of metastases (Berghmans et al, 
2008). 

Fluorine-18 fluorodeoxyglucose (FDG) uptake of the 
primary lesions in patients with a new diagnosis of 
advanced-stage NSCLC does not have a significant 
relationship with survival (Hoang et al, 2008). Integrated 
fluorodeoxyglucose-positron emission tomography/ 
computed tomography has been proposed to be a predictor 
of malignancy in mediastinal lymph nodes; some patients 
with non-small cell lung cancer with a maximum 
standardized uptake value less than 5.3 in their N2 lymph 
nodes might be able to forego mediastinoscopy and 
proceed directly to thoracotomy (Lee et al, 2008). Virtual 
bronchoscopy using data sets from positron emission 
tomography (PET) and computed tomography (CT) offers 
a useful alternative to fiberoptic bronchoscopy, and is 
particularly promising for patients for whom fiberoptic 
bronchoscopy is not feasible, contraindicated or refused 
(Englmeier et al, 2008). 

 
B. Trends and prospects 
Visual analysis of tumour uptake of 99mTc-HYNIC-

rh-annexin-V and scintigraphy in patients with lymphoma, 
NSCLC and head and neck squamous cell carcinoma gave 
a statistically significant correlation between changes in 
annexin tumour uptake and therapy outcome (Kartachova 
et al, 2008). 

Acquired resistance to chemotherapy is a major 
hurdle in previously treated patients and the reason for the 
low response in second-line treatment. The major factor of 
resistance appears to be linked with transport of the 
chemotherapy drug across the cell membrane barrier. In 
this capacity, Lipoplatin, suggested to enter by direct 
fusion with the cell membrane of the tumor cell rather than 
the Ctr1 transporter as cisplatin, was proposed to have 
applications in cisplatin resistant tumors (Boulikas et al, 
2007). 

Human studies have shown an astonishing targeting 
of tumors and metastases from an accumulation in total 
platinum in cancer tissue compared to adjacent normal 
tissue; in this study (Matthews et al, 1974) four patients 
received an infusion of 100mg/m2 Lipoplatin one day 
before prescheduled surgery and blinded specimens 
obtained during surgery were analyzed for levels of 
platinum. The method was designed to differentiate 
between platinum trapped in tissue and platinum that had 
entered the tissue cells and reacted with macromolecules 
(proteins, DNA, RNA and others). The study showed that 
the highest platinum levels were attained in gastric cancer 
specimens, presumably due to their high vascularization, 
suggesting very successful targeting of this cancer using 
our liposome nanoparticle technology. This observation 
along with the mechanism of targeting that involves 
extravasation through the endothelium of the tumors that 
bears tiny “holes” and allows the passage of the long-



Lazarioti and Boulikas Diagnostic and Therapeutic Efficacy of Imaging Modalities in NSCLC 

642 

circulating Lipoplatin nanoparticles led to the proposal 
that Lipoplatin is a chemotherapy and an antiangiogenesis 
drug (Boulikas et al, 2007). This proposal was further 
supported from animal studies showing that systemic 
injection of a beta-galactosidase “blue gene” plasmid 
wrapped up in liposomes having the same shell structure 
as Lipoplatin to SCID mice bearing MCF-7 human breast 
cancer resulted in the preferential staining of the tumors 
and of the endothelium of tumor vasculature (Boulikas et 
al, 2007). The mechanism(s) for the higher accumulation 
of Lipoplatin™ in tumor tissue, compared to normal tissue 
results in an overall 10 to 400-fold higher tumor cell 
uptake. The ability of Lipoplatin™ to target primary 
tumors and metastases and to cause a greater damage to 
tumor tissue compared to normal tissue contributes to its 
therapeutic efficacy. In this respect, Lipoplatin emerges as 
a very promising drug in the arsenal of chemotherapeutics. 

In the same capacity, liposomes having a similar 
outer shell as Lipoplatin nanoparticles are proposed as 
carriers of radioactive material in NSCLC and other 
cancer imaging. Their ability to concentrate into tumors 
and metastases, including micrometastases such as those 
in bones from a primary gastric cancer using Lipoxal 
(liposomal oxaliplatin) (Figure 8) appears to be a general 
property of these particles regardless of the active 
substance in their lumen. Even tiny micrometastases that  

 

 
 

Figure 8. Reduction in bone metastases in a gastric cancer 
patient after second-line Lipoxal monotherapy; the patient had 
also a considerable pain reduction. Reproduced from Boulikas et 
al, 2007 with kind permission from Gene Therapy. 
 

 

cannot be visualized by CT scans or chest x-rays need to 
sprout their vasculature and in doing so are potential 
targets of our nanoparticles. Thus the liposomes proposed 
here as carriers of radioactive imaging substances could 
detect tumors otherwise invisible by conventional 
techniques. 
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