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Upon completion of this activity,
participants should be able to:

e Describe the role of PET/CT
in the indeterminate lung
nodule.

e Review the role of PET/CT
in assessment of the
staging and the malignant
potential of non-small cell
lung cancer.

e Discuss the role of PET
and PET/CT in evaluating
the response of a patient
with non-small cell lung
cancer to neoadjuvant
chemotherapy and
radiation.

e Compare the advantages
and disadvantages of CT,
PET, and PET/CT.
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The Role of PET and PET/CT in Evaluating and
Staging Patients with Non-Small Cell Lung Cancer

By Robert James Cerfolio, M.D., and Ayesha S. Bryant, MSPH

year than the second, third, and fourth most

common cancers (breast, colon, and
prostate) combined. Eighty percent of lung can-
cers are non-small cell lung cancer (NSCLC).
Treatment, which depends on the stage, will be
the focus of this report.

The involvement of cancer in metastatic sites
(M1) and/or regional mediastinal (N2 or N3) or
hilar lymph nodes (N1) is the determinant of the
stage and hence the treatment. The traditional
methods for staging patients with NSCLC or with
an indeterminate nodule include CT scans of the
chest and upper abdomen, bone scans, and MR
or CT scans of the brain.

Suspicious M1 lesions and N3, N2, or N1
lymph nodes discovered by these tests are biop-
sied to prove or disprove the presence of cancer.
Lymph nodes are biopsied using minimally inva-
sive procedures such as mediastinoscopy, video-
assisted thoracoscopy (VATS), and esophageal

L ung cancer kills more people in the U.S. each

ultrasound with fine-needle aspiration.

In addition to these imaging modalities,
whole-body PET scans using fluorine-18 FDG
have been used in the last few years to stage
patients with NSCLC. Even more recently, inte-
grated PET/CT scanners have been developed
that further enhance the ability to localize poten-
tially metastatic M1 cancer and pinpoint N1 dis-
ease. A number of large studies that have exam-
ined these issues have demonstrated the superi-
ority of integrated PET/CT over PET alone for
staging patients with NSCLC.

INDETERMINATE PULMONARY

NODULES

The incidence of the “indeterminate nodule” is ris-
ing, probably because more patients are getting
chest CT scans after trauma, as a screening modal-
ity, and even as part of a routine yearly physical
exam. Further investigation is often needed when a
pulmonary nodule is truly indeterminate (i.e., it is
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Figure 1. 56-year-old woman with indeterminate nodule of right lower lobe. Pathological examination revealed a T2NOMO

adenocarcinoma.
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phadenectomy.
Sensitivity Specificity Accuracy Pathology showed
Diagnosis 96% 78% 90% a T2NOMO moder-
ately differentiated
Staging* 83% 91% 82% adenocarcinoma.
Recurrence 98% 92% 96% Figure 2 shows
a PET/CT image of
Monitoring a 59-year-old man
response to 94% 90% 96% with a left upper
chemotherapy
lobe mass. Inte-
*Management change in 37% patients grated PET/CT
showed mildly

new when compared with old chest x-rays or
is noncalcified).

If the nodule is 5 to 6 mm or greater, dedi-
cated PET and PET/CT are powerful tools that
help further characterize its nature.' Several
studies have shown PET to have a sensitivity of
91% to 97% and a specificity of 78% to 88% for
predicting the pathologic nature of nodules
that are indeterminate on x-ray and CT.*®
Similarly, we evaluated 130 patients and found
the mean standard uptake value (SUV) on inte-
grated FDG-PET/CT to be highly predictive
(publication pending). We found that nodules
with an SUV of less than 2.5 have only a 12%
chance of being malignant; indeterminate nod-
ules with a mean SUV between 2.5 and 3.5 have
a 67% chance of being malignant; and those
with a mean SUV of 3.5 or greater have a 97%
chance of being malignant.

Figure 1 shows images of a 56-year-old
woman with an indeterminate nodule in the
right lower lobe. Chest CT showed a noncal-
cified spiculated 1.7 x 1.4-cm nodule in the
posterior basal segment of the right lower
lobe. Integrated FDG-PET/CT revealed an
intensely hypermetabolic area in the right
lower lobe with a maximum SUV of 8 and a
mean SUV of 4.7 in an area of 1.9 x 1.4 cm.
The patient underwent thoracotomy, lobec-

increased F-18 FDG uptake in the location
of the left upper nodule with a maximum
SUV of 3.2 and a mean SUV of 2.5. The
patient desired resection despite our recom-
mendation  for  careful  follow-up.
Postoperative pathology showed benign
inflammatory pathology with mixed plasma
cell and granulomatous component.

As these two cases illustrate, mean SUVs
are important predictors that can help guide
treatment. But the question arises whether
SUVs are translatable from one center to
another. If one of these patients had a PET
scan on a different machine at another PET
center and the SUVs were completely differ-
ent, the power of these studies would obvious-
ly be limited. Because SUVs can vary for sev-
eral reasons, including the amount of F-18
FDG injected and the time between injection
and image production, some have referred to
the term “standard uptake value” as an oxy-
moron. It is not standardized at all, although
work is under way to make it as standardized
as possible.

We believe that SUVs from integrated
PET/CT are more similar from machine to
machine than those from PET alone. This is
probably because some PET examinations
are performed not on dedicated scanners but

on coincidence cameras or cameras with lens
thickness greater than 5/8 of an inch. In con-
trast, integrated PET/CT machine are more
similar to one another.

SUV AS INDEPENDENT PREDICTOR OF
MALIGNANCY POTENTIAL

If the indeterminate nodule is found to be
malignant by biopsy or is large and highly sus-
picious of malignancy on CT and PET, the
stage of the patient determines the treatment.
Many studies have shown that PET is accurate
in the staging of patients with NSCLC.*® Its
superiority over CT for assessing N1 and N2
disease is well documented. FDG-PET seems
to be less accurate at the subcarinal and lower
paratracheal lymph node stations than at
other N2 stations.

Figure 3 shows a 69-year-old woman with
a small nodular area in the left anterior later-
al hemidiaphragm on chest CT. An integrat-
ed FDG-PET/CT shows an intensely hyper-
metabolic area in the left lung base laterally
(maximum SUV = 9.3, mean SUV = 3.5, area
= 3 x 1.5 cm). A well-defined focal area of
intensely increased uptake is noted in the left
lower paratracheal (station 4L), aortopul-
monary (station 5), hilar (station 10L), and
interlobar (station 11L) lymph nodes. The
left hilar lymph node had a maximum SUV =
10.9, mean SUV = 4.2, area = 1.5 x 1.8 cm.
Minimally invasive VATS with biopsies
revealed moderately differentiated adenocar-
cinoma metastatic to the aortopulmonary
lymph node.

The clinical import of knowing about
N2 disease prior to surgical resection is well
documented in reports by Roth and Rosell”*
that show a survival advantage if patients
with N2 disease undergo neoadjuvant treat-
ment prior to pulmonary resection. PET
thus allows these suspicious lymph nodes to
be targeted and biopsied directly via the

Integrated PET/CT

3

Figure 2. 53-year-old man with left upper lobe mass. Pathology revealed a benign inflammatory process with mixed plasma cell and granu-

lomatous component.
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Figure 3. 69-year-old woman with a small nodular pleural thickening along the left
anterior lateral hemidiaphragm on chest CT. Pathology from VATS revealed moder-

best minimally invasive operation. This
affords the patient the chance to undergo
neoadjuvant therapy and perhaps enjoy
improved survival.

Unfortunately, many patients with
unsuspected M1 disease undergo thoraco-
tomy. For this reason, some surgeons rou-
tinely perform numerous tests such as
bone scans, brain scans, and liver ultra-
sound, even in asymptomatic patients, to
rule out M1 disease. The advantages that
PET offers over the multi-test method are
well documented. Crespo-Jara reported in
1999 that PET had 83% sensitivity for
detecting bone metastases. PET revealed
more lesions than did bone scanning, inde-
pendent of the type of cancer or location of
bone involvement.

In an extremely important prospective
randomized multicenter trial presented at
the American Association for Thoracic
Surgery meeting in May 2003 (publication
pending), Reed and colleagues showed that
dedicated PET using FDG-18 was a better
predictor of the stage of patients with
NSCLC than conventional methods alone.
The study enrolled 271 patients from many
major centers in the U.S.

Similarly, we showed in a recently pub-
lished paper that FDG-PET scanning
enables improved patient selection prior to
surgery for patients with NSCLC.® It is more
sensitive and has a higher negative predic-

monary lymph node.

tive value than CT for N1 and N2 lymph
nodes. False positives are common when
using FDG-PET, however. Some infections
and inflammatory lesions, such as tubercu-
granulomas, coccidioidomycosis,
aspergillosis, and histoplasmosis, can result
in high uptake values that mimic those of a
neoplasm. We found a larger number of
false positives than were found in a series
reported by Gupta and Roberts."*" This may
be due to the higher prevalence of histoplas-
mosis in the southeastern U.S. A positive
FDG-PET scan means only that tissue biop-
sies are indicated. Interestingly, other stud-
ies have shown that PET is more accurate
than CT for detecting cancers in other
organs as well.

Finally, and most provocatively, we have
found that the SUV of a lung nodule may be
an independent predictor of its malignant
potential and stage. In this study (publica-
tion pending), we found that PET/CT with
F-18 FDG of the pulmonary mass itself is an
excellent prognosticator of the malignant
potential, lymphovascular invasion, and
degree of differentiation of a patient’s
NSCLC (see table). This is true regardless of
the lymph node status. If additional multi-
center trials confirm these data, it is possible
that use of neoadjuvant therapy may be
based on the SUVs of the lung nodule as
well as its stage as determined by biopsy of
regional lymph nodes.

lous

ately differentiated adenocarcinoma and metastatic adenocarcinoma in aortopul-

PATIENT RESPONSE TO
CHEMO/RADIATION THERAPY

More and more patients are undergoing
neoadjuvant therapy prior to surgical resec-
tion for advanced stages of NSCLC.
Moreover, several prospective randomized
trials are evaluating the use of preoperative
chemotherapy for patients with early-stage
lung cancer, including stage Ib, Ila, and IIb
disease and stage III disease that is N2 neg-
ative. Because patients who do not respond
to neoadjuvant therapy rarely benefit from
surgical resection, the oncologist and sur-
geon must decide if the patient has respond-
ed to the treatment. Studies have shown that
the reduction of metabolic activity after
chemotherapy correlates with the final out-
come of therapy.”

Other studies have demonstrated that
PET and PT/CT are valuable noninvasive
ways to evaluate a patient’s response to
chemotherapy as well as to monitor for
Because repeat medi-
astinoscopy has significant risk, these stud-
ies have powerful implications. We have
shown that repeat PET had 100% accuracy
in assessing this response for paratracheal
lymph nodes.”

The true power of PET is best illustrated
when a baseline PET scan is taken and tis-
sue biopsies subsequently confirm what is
and is not cancer. After the patient has
completed neoadjuvant therapy, a repeat

recurrence.”"
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PET is performed on the same machine.
We have found this second PET to be an
extremely accurate restaging tool.
Moreover, studies have shown that the
change in the SUV on PET may be a pre-
dictor of the amount of cellular death,”
and we are currently evaluating this
response in patients.

Repeat PET, or even better, PET/CT,
after neoadjuvant therapy may thus become
a standard tool to assess patient response to
a certain neoadjuvant therapy, to help select
appropriate patients for surgical resection,
and to direct different, continued, or varied
chemotherapeutic regimens with or with-
out addition of radiotherapy.

PET/CT SUPERIOR TO PET

The term PET/CT can be misconstrued.
Integrated PET/CT has been shown in two
prospective randomized trials to be superi-
or to PET alone (with a recent CT scan used
for visual correlation of PET with CT) for
staging patients with NSLC. PET offers
superior metabolic information, but it has
only limited spatial resolution and anatom-
ic landmarks'®” when compared with CT.
Additionally, FDG is taken up by muscles,

and inflammatory processes can be mistak-
en for a malignant process." CT lacks the
molecular activity that PET demonstrates,
but it provides excellent anatomical infor-
mation. Visual correlation of PET and CT is
also inaccurate. Integrated PET/CT allows
anatomic definition to be added to help
assess molecular ambiguity. And improved
localization with PET/CT enables the radi-
ologist to clearly distinguish areas of nor-
mal physiological tracer uptake from
regions of increased metabolic activity.
Some institutions use software that fuses
CT and PET images. The problem with this
technique is that patients move or the scans
may have to be performed on separate days.
Performing PET and CT studies simultane-
ously on an integrated system overcomes
these limitations of retrospective compari-
son of individual images, eliminates the
need for postacquisition image alignment,
and avoids the imprecision to which it leads.
Three series have examined the efficacy
of PET/CT versus PET and CT alone. In two
prospective studies, PET/CT provided addi-
tional information in 41% of patients
(20/49) as compared with visual correlation
of PET and CT individually.**" The third

study showed a reduction in the number of
false positives (from three to none) and false
negatives (from 16 to two) compared with
PET alone.? We reported at the Southern
Thoracic Surgical Association meeting in
November 2003 that PET/CT is superior to
PET alone for evaluation of the T, N, and M
status of patients with NSCLC. This study
examined 150 patients in a prospective,
blinded fashion. Unlike other studies, all
patients underwent definitive biopsies. We
found that integrated PET/CT had a higher
accuracy than PET alone for the T, N, and M
status of patients with NSCLC.

The future of PET and PET/CT is
bright. Its application can extend beyond
the diagnosis and staging of lung cancer.
Its ability to stage patients with other can-
cers has been demonstrated. The majority
of work with PET and PET/CT has been
done with F-18 FDG. As new radiophar-
maceutical isotopes enter the clinical
arena, each must be studied and its accura-
cy at each specific station must be assessed.
We must be willing to perform prospective
randomized trials and in multi-institu-
tional studies to help answer these impor-
tant questions.
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