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Abstract

Lung cancer presents a high prevalence around the world and constitutes the leading cause of
death due to cancer in men and women. Proper staging is essential in order to provide the correct
treatment and estimate survival. PET/CT imaging is the method of choice for the staging of lung
cancer patients with a better performance than the traditional imaging methods. It allows defining
the primary tumor more clearly, separating it from the atelectasis and neighboring fibrotic
changes, thus achieving an improved T evaluation while optimizing the target definition for radi-
otherapy. It presents greater sensibility and specificity than Computed Tomography (CT) when
assessing the extra-thoracic and thoracic lymph nodes, modifying the N stage with regard to the
traditional study in up to 25% of patients. PET/CT imaging is the method with the best perfor-
mance for detecting extra-encephalic metastasis and for detecting unexpected lesions in up to 30%
of patients. In order to achieve proper encephalic staging, a Magnetic Resonance Imaging scan
must be performed or, a CT scan of the brain concomitant to the PET/CT. One to eight percent of
lung cancer patients who are subjected to PET/CT imaging present a synchronous secondary extra
pulmonary or pulmonary cancer when being diagnosed, with significant prognostic and thera-
peutic implications. PET/CT imaging has proven to be a valuable tool for survival prognosis with
regard to the initial uptake of the tumor and the early response (interim) or final response to
chemotherapy, although it is not routinely used for evaluating therapy. The PET/MRI is an emerg-
ing hybrid technique with certain advantages, such as less exposure to radiation in comparison to
PET/CT and greater contrast resolution of the MRI images. However, its usefulness has not been
validated yet for lung cancer patients.
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1. Introduction

Lung cancer is the leading cause of death due to cancer around the world, with 1.59 million deaths per year [1].
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In spite of the progress achieved in treating these patients, survival after 5 years is still poor, with approximately
15% - 16% [2] [3]. Tobacco is the main risk factor for lung cancer, increasing the likelihood of suffering this
type of cancer 10 times more than a person who has not been exposed to it. Other conditions associated to a
greater risk of lung cancer are idiopathic pulmonary fibrosis and expose to carcinogens such as ashestos.

Proper initial staging is fundamental for planning treatment and estimating the prognosis. PET (Positron
Emission Tomography) imaging with F18-Fluorodeoxiglucose (F18-FDG) has been used in the initial study and
staging of these patients, demonstrating advantages compared to traditional research. Since the year 2000,
PET/CT (Computed Tomography) imaging has quickly been replacing PET imaging in clinical practice due to
its functional-anatomical bimodal nature, which provides the exam with significantly greater diagnostic preci-
sion than just PET and CT analyzed separately [4]. Recent literature about the cost-effectiveness of PET/CT
imaging has been mentioned as a recommendable option from an economic point of view [5].

2. PET/CT

PET/CT is a hybrid imaging technique that provides anatomical information of the CT and metabolic informa-
tion of the PET, allowing to visualize both individually or fused in 3D or bidimensional slices. The most com-
monly used radiotracer is F18-FDG, which allows detecting primary tumors as well as metastasis that consume
glucose, corresponding to the majority of the malignant pulmonary lesions. PET/CT imaging alone does not use
iodine contrast agents, however, simultaneous acquisition of a complementary CT scan with contrast is a possi-
bility in each exam and it is recommended when a recent CT scan of the thorax is unavailable. The use of
iodined contrast improves visualization of the mediastinal vessels and its relation to the tumor, it helps evaluate
the mediastinum and pleura, and allows to rule out concomitant pulmonary thromboembolism if the CT scan is
carried out with angiographic technique.

3. Staging of Lung Cancer

The initial study of any lung cancer patient must be performed by a multi-disciplinary medical team that in-
cludes an expert radiologist, a nuclear medicine physician, an interventional radiologist, a pneumologist and a
thoracic surgeon, using diagnostic tests which having high diagnostic accuracy and adequate cost-efficiency rate.
Current treatment manuals recommend performing PET/CT imaging on any patient highly suspected to be suf-
fering from lung cancer [3], preferably before histological studies are carried out since tissue samples must be
useful not only to provide the histological diagnosis but to stage the disease as well. Therefore, in many cases it
is preferable to perform a biopsy on a suspicious mediastinal adenopathy instead of the primary pulmonary tu-
mor since it provides greater staging value (for example T2N2 with mediastinal biopsy guided by PET vs.
T2NX without PET). On the other hand, for tumors associated to post-obstructive pneumonias and masses with
extensive necrotic areas, PET/CT imaging provides valuable information for pinpointing the biopsy site (Figure
1).

85% - 90% of all lung cancers correspond to non-small cell (NSCLC), which includes: adenocarcinoma,
squamous carcinoma and large cell carcinoma. Adenocarcinoma may or may not be associated to smoking and it
usually manifests as a peripheral tumor with early distant metastasis. Its F18-FDG uptake tends to be less than
the rest of the histological types, and some low uptake tumors can cause false negative results [6] [7].

Squamous carcinoma is closely linked to smoking and generally appears in the center of the lung. Large cell
carcinoma usually corresponds to a large peripheral pulmonary mass with metastasis at the time of diagnosis.
Squamous carcinoma as well as large cell carcinoma are F18-FDG avid. The NSCLC are staged in accordance
with the tumor-node-metastasis (TNM) nomenclature which provides information on the stage of the disease
thus allowing to guide the treatment and estimate the survival prognosis [8].

The remaining 10% - 15% corresponds to small cell lung cancer (SCLC) which presents a more aggressive
biology and evolution with staging, treatment and prognosis that are different than the ones for NSCLC. This
type of cancer is strongly linked to smoking. Its staging is different than for NSCLC and it is classified into two
stages: limited, in which the disease is restricted to the ipsilateral hemithorax, including the mediastinum and ip-
silateral supraclavicular, and extensive when the disease has surpassed the hemithorax [9]. Since it is an entirely
different disease than NSCLC, the PET/CT imaging value in SCLC will be discussed in an especially dedicated

chapter at the end of this article.
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Figure 1. Partially necrotic left pulmonary tumor with rib involvement. Trans-
thoracic needle biopsy has to be directed to periphery of tumor for viable sam-
ple. There are two metastases in infraclavicular node and muscular location (ar-
rows), both of them negative in CT.

3.1. T Staging

The size of the tumor can be efficiently estimated through a CT scan in practically all cases. However, some
tumors are associated to lung atelectasis phenomena or distal obstructive pneumonia which make estimating the
size of the primary lesion more difficult. PET imaging allows to differentiate the atelectatic lung parenchyma of
the malignant lesion through its F18-FDG uptake thus defining in a better manner the tumor. PET/CT imaging
also helps to evaluate the invasion by the tumor into the pleura and mediastinum [10]. Pleural uptake is always
pathological and within a neoplastic pulmonary context it is highly suggestive of a secondary origin. In tumors
compromising the mediastinum, the concomitant acquisition of a CT scan with intravenous iodinated contrast is
fundamental in order to study the relation of the tumor with the large blood vessels and pericardium.

The intensity of F18-FDG uptake by the primary pulmonary tumor is related to its biology and the degree of
aggressiveness of the neoplastic cells, and can predict recurrence in the case of an elevated uptake. Kim et al.
demonstrated in a cohort of patients who had been subjected to lung cancer surgery with postsurgical pathologi-
cal NO (pNO), that those who relapsed had a higher SUV s in lung primary tumor than the group without re-
lapse, and they determined a cutoff of SUV 5« 0f 6.9 in order to identify those patients with a higher risk of re-
lapse [11]. They concluded that this higher risk subgroup could benefit from a more aggressive initial therapy.

3.2. N Staging

PET/CT imaging allows to metabolically characterize the hilar and mediastinal lymph nodes better than any
other imaging technique since it manages to identify small hypermetabolic lymph nodes that are negative under
CT morphological criteria as well as enlarged lymph nodes with no or little uptake that are frequently reactive or
residual without neoplastic compromise [6]. In node staging, PET/CT imaging presents a sensitivity of 85% vs.
61% for CT and a specificity of 90% vs. 79% for CT [12].
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The greatest advantage of PET/CT imaging in the mediastinum is its ability to rule out any lymph node com-
promise with a high degree of precision. A pulmonary tumor that is FDG avid with a metabolically negative
mediastinum has a negative predictive value of 99% [13]. However, not all lymph nodes with uptake are neces-
sarily malignant and may correspond to false positives due to inflammation. This is the reason why the interpre-
tation of the mediastinum must be complemented by FDG uptake indicators such as the SUV (Standardized Up-
take Value), which improve their performance. SUV,,, cutoff values of 4.0 to 5.3 have been proposed as appro-
priate for considering lymph node uptake in the mediastinum as positive [7] [13] [14].

Proper metabolic mapping of mediastinal lymph nodes that allows to direct the transbronchial needle aspira-
tion guided by ultrasonography can avoid a mediastinoscopy, particularly in areas that are difficult to access
such as the aortopulmonary window and posterior subcarinal area [15].

The greatest contribution of PET/CT imaging in lymph node staging is in the early stages of the disease (I y
I1), where it produces a change in stage in up to 20% - 25% of all cases thus avoiding unnecessary thoracotomies
[16]. In a cohort of patients with lung cancer that included Stages I, 11,111 and 1V, Fischer et al. found that for
every 5 PET/CT imaging scans performed, one futile thoracotomy was avoided [4].

3.3. M Staging

40% - 50% of lung cancer patients present metastasis when diagnosed [3] [7] [17]. The presence of distant me-
tastasis radically modifies treatment of those patients, making the option of undergoing surgery much more dif-
ficult which in turn results in a poorer prognosis. PET/CT imaging presents undeniable advantages in the study
of metastatic disease with regard to conventional imaging, particularly in lung cancer, which is characterized by
presenting metastasis in multiple organs and frequently without a clearly defined order of dissemination. The
high FDG uptake in lung cancer metastasis and the ability of PET/CT imaging to explore the entire body at once
makes this the exam of choice for detecting extra-encephalic implants (NCCN). PET/CT imaging can detect
unsuspected distant metastasis in up to 30% of all cases [15] [18].

The most common secondary lesions in lung cancer are bone lesions, present in 8% - 27% of patients at the
time of diagnosis [3] [6] [7] [19]. It is precisely with these types of lesions where the superiority of PET/CT im-
aging can be seen when compared to other imaging methods. Since more than half of bone metastisis involve
only bone marrow without significant destruction of the bone structure, a radiography and CT scan are unable to
detect them (Figure 2) and even a Tc-99m MDP bone scan has low sensitivity to this particular type of lesion.
This also occurs with pure lytic bone lesions, which tend to be FDG avid but may not show increase of uptake in
bone scan when they have no associated osteoblastic activity [6] [7] [17].

Abdominal metastases are common in lung cancer patients and they are predominantly located in the liver or
adrenal glands [6]. Due to the high prevalence of hepatic and adrenal benign lesions in the adult population, it is
necessary to have imaging tests that are able to recognize them and differentiate them from a metastasis. In the
case of adrenal gland lesions, a moderate or high FDG uptake by the lesion has a high positive predictive value
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Figure 2. Types of bone metastases in lung cancer. (a) Blastic; (b) Lytic; (c)

Mixed; (d) Bone marrow.
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for metastasis. In a meta-analysis of adrenal lesion characterization published by Boland et al., the sensitivity
and specificity of PET using the SUV was 87% and 87% in the general population, and 94% and 82% in the
lung cancer population respectively [20]. The best cutoff value of SUV ,, to differentiate malignant from benign
lesions seems to be 2.5 [20] [21].

In the case of liver metastasis, practically all benign lesions (cysts, hemangiomas, focal nodular hyperplasia)
show less or the same FDG uptake as the normal liver parenchyma. Any nodule or mass that demonstrates
greater uptake that normal liver parenchyma is highly suspected of being malignant (Figure 3).

For adrenal, liver and bone metastases, a whole-body magnetic resonance imaging with diffusion-weighted
(DW) imaging is a valid alternative when PET/CT imaging is unavailable [22].

PET/CT imaging allows to evaluate areas that are not covered by the conventional staging study, detecting
occasional metastasis in skin, skeletal muscles, soft tissue, pancreas and kidneys [6] [7]. Although rare, said le-
sions can be important in the initial staging of patients with no apparent metastasis or with oligometastases since
it allows to confirm the multifocal nature of the disease (Figure 1).

3.4. Encephalic Staging

Even though secondary brain lesions are more infrequent in this population, its importance lies in the fact that its
presence results in a high morbidity and mortality rate, which in some cases can be avoided or at least dimi-
nished through proper treatment. Since the brain consumes high quantities of glucose in its basal state, and the
metastatic lesions can be disguised by the high physiological uptake of the brain, PET sensitivity for detecting
metastasis is limited. Due to the latter, current protocols recommend the additional use of Magnetic Resonance
Imaging (MRI) in order to stage the brain as of stage IB [3]. In the case that an MRI is unavailable, it is possible
to perform a brain CT with intravenous iodinated contrast when the PET/CT imaging is being carried out, with
results quite similar to the brain MRI [23].

4. Synchronous Pulmonary and Extra Pulmonary Malignancies

1% - 8% of lung cancer patients present another synchronous cancer at the time of diagnosis [7] [24]. As in the
case of lung cancer, most of these malignancies will be associated to tobacco. In fact, 6.5% of chronic smoker
patients who undergo staging for any type of cancer, will present another synchronous cancer at the time of di-
agnosis [25].

In the case of multiple lung cancer, the diagnostic criteria used are: 1) both pulmonary lesions have different
histologies, 2) the histologies are the same but there is no lymph node involvement and no extrathoracic metas-
tases [3]. Considering these criteria, the frequency of synchronous multiple lung cancer described in the litera-
ture is 0.5% - 3.3% [26].

Figure 3. Right lung adenocarcinoma. There is one liver metastases
(arrow) that is not visible in contrasted CT.
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The most common extra pulmonary locations of synchronous cancer detected by PET/CT imaging in lung
cancer patients are the breasts, head and neck, esophagus and thyroid [7] [24] [25]. More than 80% of these
synchronous lesions are detected in an early stage, which allow its curative treatment [7] [24]. However, given
the nature of the population in question, the relevance of this finding is relative and strongly depends on how far
the lung cancer has spread at the time of diagnosis.

5. Radiotherapy Planning

The ability of PET imaging to differentiate metabolically active tumoral tissue from atelectasis, post-obstructive
pneumonia or fibrotic changes is crucial when seeking gross tumor volume (GTV) delineation, and it has a high
impact on radiotherapy planning, modifying the form and size of the target volume, and decreasing exposure of
the atelectatic lung parenchyma or other organs at risk (i.e. esophagus, heart, spinal cord) near the tumor [27].
Furthermore, it significantly modifies the mediastinal field since it detects more lesions than CT [6] [12]. With
the incorporation of PET imaging in the traditional evaluation, changes in the target volume have been reported
in more than 20% of patients, and modifications in the stage in 20% - 50% of all cases. Diverse literature has
described a change in Planning Target Volume (PTV) in more than 50% of patients with NSCLC [27] [28]. The
best method of GTV delineation has yet to be defined but it most likely corresponds to a combination of a visual
evaluation with semi-quantitative methods based on SUV in which the most appropriate cutoff value seems to
be a SUV s Of 2.5. Given that said value may vary due to the size of the tumor and its histology, it is recom-
mended to use a SUV s algorithm associated to an uptake cutoff value based on the uptake demonstrated by the
lesion [29]. GTV delineation can be optimized based on 4D-PET/CT images which minimize the changes in po-
sition of the lesions due to respiratory movements. This technique is particularly useful in image-guided radia-
tion therapy (IGRT), and should be used whenever high doses are applied to the chest [27].

6. Treatment Control and Prognosis

The degree of dissemination at the time of diagnosis is the main prognosis factor in lung cancers subjected to
surgical treatment, with a 5-years survival of 57% - 67% in no metastatic disease (Stage 1); 47% in the case of
hilar lymph node involvement (Stage 1), and 23% in the case of ipsilateral mediastinal lymph node compromise
(Stage I11A). In the case of unresectable disease the survival rate is further decreased. The presence of distant
metastasis is one of the main indicators of unresectability. In the case of oligometastasis detected with PET/CT
imaging, the surgical option must be carefully evaluated especially if the metastasis is in a different lobe of the
same lung (T4 in current classification). The precise staging provided by PET/CT imaging, and its ability to
detect metastasis with a high degree of sensitivity makes it a prognostic tool per se when determining the TNM
stage in an accurate and efficient manner.

In subgroups of patients that have a similar TNM stage, PET/CT imaging plays an additional prognostic role
thanks to its ability to indirectly evaluate the biology of the tumor. FDG uptake by the tumor is different based
on the biological nature of the neoplasia and the density of viable tumor cells. A direct relationship between the
intensity of FDG uptake and the degree of neoplasia aggressiveness has been demonstrated [30]. The SUV value
in lung tumors prior to treatment has shown a correlation with the survival rate in NSCLC [31]-[34]. Different
SUV cutoff values have been described that result in prognostic differences ranging from 2.5 up to 20, depend-
ing on the SUV type under study (SUVmax, SUV neans €tC.), the method of obtaining them (best cut-off, median,
arbitrary), and different technical factors related to PET acquisition and SUV correction due to height/ weight.
SUV .« Values between 5 and 9 (corrected based on the weight of the patient) in primary tumors seems to be the
most appropriate for differentiating patients with a better life expectancy (low SUV) and poorer life expectancy
(high SUV) [31]-[34]. It is possible that the intrinsic prognostic value of SUV is overrated in the literature due to
its strong association with other prognostic factors. Different authors have warned about the need to evaluate
SUV as an independent factor, separating it properly from it others such as tumor size and the degree of disse-
mination of the disease [32].

The evaluation of treatment with PET/CT imaging has not been established as a routine practice in NSCLC.
However, several authors have found certain usefulness in identifying Stage Il patients with a favorable re-
sponse to induction chemotherapy who had a better life expectancy, and who would be subjected to surgical
treatment. Early metabolic response (interim PET) and late metabolic response (after completed the treatment)
to chemotherapy has well demonstrated prognostic implications in lung cancers. As of the first cycle of chemo-



D. L. de Guevara Hernandez

therapy, survival curves can be drawn in accordance with the degree of decrease in glucidic metabolism in the
tumor or in the mediastinal involvement, quantified using SUV [35].

7. Surveillance

Most literature does not support the use of systematic surveillance with images in patients treated for lung can-
cer, indicating that it is not cost-effective and it does not significantly modify the life expectancy of the patient
[36]. Although early detection of recurrence improves the therapeutic options for the patient, there is controver-
sy over the frequency and type of surveillance that should be applied.

In fact, PET/CT imaging has not an established role in lung cancer patients in post-treatment follow up and
surveillance, in which clinical criteria tends to prevail and imaging tests are performed only on symptomatic pa-
tients or on those patients who are suspected of having relapsed. On the other hand, a chest CT is not routinely
used during post therapy monitoring since most recurrences are not locoregional and correspond to distant me-
tastasis [37]. Not even a brain MRI plays an established role in monitoring asymptomatic patients [37].

Accurate determination of the recurring disease allows to offer the patient reasonable curative or palliative
care, whether it be surgery once again, chemotherapy or radiotherapy. It seems obvious that the earlier the re-
currence is detected, the greater the number of therapeutic alternatives available and thus, the patient will have
less morbidity. PET/CT imaging has proven to be the method with the greatest sensitivity and specificity in de-
tecting post treatment recurrence, even more so than traditional methods [32]. The point in question is whether
PET/CT imaging provides additional information that in turn substantially changes the treatment and manage-
ment of these patients.

Hellwig et al. demonstrated the superiority of PET imaging in detecting recurrences and its ability to predict
which patients would benefit from surgery again based on its level of uptake. They found significantly greater
global survival in relapsed patients who showed SUV < 11 [38], with regard to those patients presenting lesions
with greater uptake.

Marcus et al. described that the fourth and subsequent 18F-FDG PET/CT scans performed during follow-up
after completion of primary treatment detected recurrence in 44% of patients without clinical suspicion, and al-
lowed to rule out recurrence in 24% under clinical suspicion, while 28% of patients were subjected to a change
in their management [39].

When studying 100 NSCLC patients treated with curative intentions with radiotherapy, van Loon et al. dem-
onstrated adequate cost-benefit of PET/CT imaging performed 3 months after treatment, with a better perfor-
mance than a chest CT and the radiological/clinical evaluation [40]. Although PET/CT imaging turned out to be
more expensive than the conventional follow up protocols, it allowed for significant savings of resources due to
its better diagnostic performance, showing a greater probability of being cost-effective (73%).

It seems that there is not sufficient evidence that allows to properly define the place of images and in particu-
lar, PET/CT imaging in the surveillance of patients treated for lung cancer. Said evidence should be focused on
the cost-benefit rate of the different diagnostic methods and its adequate timing during the monitoring period.

8. Small Cell Lung Cancer

Small cell lung cancer corresponds to 10% - 15% of all lung cancers and it is intrinsically linked to tobacco [9].
It is a different entity than NSCLC, more aggressive, frequently associated to metastasis at the time of diagnosis
and with a generally poorer 5-years survival rate of approximately 1% - 2%. It is classified as a limited disease if
the lesions are confined to the hemithorax or as an extensive disease if there is metastasis outside of the hemi-
thorax. In these patients, surgery is limited only to cases of small tumors without compromise of the lymph
nodes, and systemic treatment is applied in almost all cases, with or without associated radiotherapy [3].
PET/CT imaging is useful in the initial evaluation, mainly in limited disease since it modifies the traditional
staging in 10% - 33% of all cases, with the corresponding change in management [15]. In SCLC, PET/CT im-
aging allows to detect extrathoracic metastasis in 10-20% of all patients with a negative conventional study, with
an obvious impact on treatment [41]. As can be expected, due to its greater sensitivity, PET/CT imaging tends to
increase the number of patients with extensive disease, although it also modifies staging in an inverse manner,
meaning, it modifies the diagnosis of some patients from extensive disease to limited disease [42]. Due to the
lower sensitivity of PET/CT imaging in the brain, a MRI must be used to evaluate the brain in all patients [3].
Interim post chemotherapy PET/CT imaging can identify patients who have not responded adequately to
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treatment thus avoiding unnecessary treatment. However, specifically in SCLC, there is not sufficient evidence
to support this, and PET/CT imaging is not routinely used nor is it recommended in the current manuals for this
effect.

Similarly to NSCLC, F18-FDG uptake of the tumor before treatment has an important survival prognostic
value, with greater mortality seen in those lesions with a greater uptake. In a prospective study of 67 patients
with SCLC, Lee et al. found a lower survival rate in patients with SUV . > 8.7 (11.7 months, 95% CI, 7.5 -
15.9) vs. SUV ey < 8.7 (24.3 months, 95% CI, 17.3 - 31.4). The cutoff value of SUV . 8.7 also demonstrated
significant prognostic value when separating the population into subgroups of limited disease (10.7 vs. 23.5
months) and extensive disease (9.5 vs. 17.7 months) [43]. This group also found an interesting prognostic value
when combining the SUV .« with the degree of dissemination of the disease, identifying a subgroup with low
SUV . and limited disease that presented better life expectancy (31.1 months, 20.1 - 42.2), and another group
with a high SUV ., and extended disease which presented the higher mortality (9.8 months, 5.5 - 11.9).

9. Value of PET/MRI Imaging in Lung Cancer

The advent of PET/MRI imaging in clinical practice has shown certain comparative advantages with regard to
PET/CT imaging, such as less exposure to radiation and the intrinsic characteristics of MRI images which in-
clude a high contrast resolution. With regard to PET/CT imaging, the new hybrid technique allows for an im-
proved evaluation of the local invasion of the wall and/or mediastinum by the tumor, and provides greater sensi-
tivity when studying the metastasis in the brain or liver [44]. However, its performance in detecting lung metas-
tases is clearly poorer, with possible false negatives in particular with lesions measuring less than 5 mm. This
would limit not only T staging, with the possible omission of small nodes in the same lobe (T3) or same lung
(T4), as well as M staging due to possible false negatives in the contralateral lung. An important point to con-
sider is the quantification of PET uptake (SUV), of great importance when evaluating response to treatment, and
which has still not been validated for the PET/MRI systems [44] [45]. Until this occurs, and the PET/MRI at-
tenuation correction algorithms are not optimized, it shall not be possible to recommend its regular clinical use
in lung cancer patients.

10. Conclusion

PET/CT imaging is the method of choice for the extra-encephalic staging of lung cancer patients with a better
performance than the traditional imaging methods. It has high accuracy in T and especially N and M assessment,
and it allows detecting second unsuspected synchronous cancers. In order to achieve proper encephalic staging,
a brain MRI must be performed as of stage IB. The evaluation of treatment and surveillance with PET/CT im-
aging has not been established as a routine practice in lung cancer, and there is not yet sufficient evidence that
allows properly defining the place of PET/CT imaging in this matter.
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