INVITED COMMENTARY

Can '!C-Methionine Play a Role
in Lung Cancer Staging?

Up to 30% of patients who have
thoracotomies for lung cancer have
unexpected regional extension or dis-
tant metastases at the time of surgery.
Few situations are more devastating to
a thoracic surgeon when attempting to
do a lobectomy with intent to cure, than
to realize that he/she is dealing with a
nonresectable lung cancer. Which diag-
nostic imaging methods could prevent
patients with stage IIIb and stage IV
from undergoing surgery?

CT, the standard preoperative stag-
ing procedure for non-small cell lung
cancer (NSCLC), has a sensitivity of
55%—65% and a specificity of 65%—
75%. The other recommended proce-
dure for preoperative staging is PET
using FDG. The superiority of FDG
PET, especially in diagnosing hilar and
mediastinal lymph node metastases,
has been sufficiently demonstrated (/-3).

In this issue of the Journal of Nuclear
Medicine, Yasukawa et al. (4) report on
“The usefulness of PET with !'C-
methionine for the detection of hilar
and mediastinal lymph node metastasis
in lung cancer.” Their article deserves
a closer look, considering that CT and
FDG PET are far from being perfect.
Any improvement in noninvasive pre-
operative staging might help to avoid
mediastinoscopies and—most impor-
tant—unnecessary thoracotomies.

CT shows invasive disease effec-
tively, but it is less sensitive in detect-
ing lymph node metastases. The survey
of McLoud et al. (5) of CT for staging
lung cancer found 64% true-positive
cases compared with only 44% true-
positive mediastinal lymph nodes. The
CT criterion for positive lymph nodes is
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based on size, using a 1-cm dimension in
the short axis as cutoff. This makes CT
less sensitive than surgical lymph node
sampling, which includes nonpalpable
lymph nodes and nodes <1 cm and has
the benefit of histologic examination.

According to Lewis et al. (6) and
Valk et al. (7), whole-body PET fre-
quently detects occult metastases and
alters treatment in up to 40% of cases.
FDG PET can reduce the number of
mediastinoscopies and at the same time
not deny the chance for curative resec-
tion (8). One problem with FDG PET is
false-positive results that are mostly
the result of inflammatory and infec-
tious processes such as active tubercu-
losis, fungal infections, sarcoidosis, his-
toplasmosis, granulomas, etc. (2,9-12).
This nonspecific nature of FDG accu-
mulation needs to be further investi-
gated.

In 1983 Kubota et al. (13) suggested
11C-methionine as a radiotracer for lung
cancer and mediastinal lymph nodes,
and now Yasukawa et al. propose ''C-
methionine in conjunction with newer
PET technology. The basis for consider-
ing !"C-methionine for staging lung
cancer is the tumor affinity of this
amino acid reflecting ‘‘the metabolic
demand for amino acids in cancer
cells.” The study of Yasukawa et al. (4)
certainly has scientific merit but suffers
from some methodologic problems,
such as possible bias in image interpre-
tation (CT and PET images interpreted
by 1 radiologist), somewhat vague cri-
teria for positive lymph nodes by PET,
and a nonvalidated coregistration
method. There is also some concern
regarding the slice thickness of the
PET and CT scanners, image resolu-
tion, and partial-volume effect prob-
lems that are not addressed in great
depth. Also, the kinetics of !'C-methio-
nine, the rate of uptake, washout, resi-
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dence time, and catabolism are not
discussed in any detail. Nevertheless,
amino acid PET data acquisition 22
min after injection and using tumor-to-
muscle ratios (TMRs) as an indicator
of “uptake” constitute an acceptable
approach. For positive lymph nodes,
the TMR was 5.15 * 1.69, compared
with 2.91 * 0.76 for nonmetastatic lymph
nodes (P < 0.0001). It is not clear how
the regions of interest over negative
lymph nodes were chosen or how lymph
nodes without methionine activity could
be removed. Yet, according to the au-
thors, CT and PET detected all removed
lymph nodes. It would also be of inter-
est to know the TMR for the primary
lesions.

The results of this comparative study
show a remarkable difference between
CT, with a positive predictive value
(PPV) for lymph node metastases of
57.6%, a negative predictive value
(NPV) of 81.7%, a sensitivity of 52.8%,
a specificity of 84%, and an accuracy
of 75.4%, compared with PET, which
has a PPV of 79.5%, NPV of 94.3%,
sensitivity of 86.9%, specificity of
91.1%, and accuracy of 89.7%. The
receiver operating characteristic analy-
sis for the TMRs resulted in an optimal
cutoff of 4.1. One of the main findings
in this study is the high negative predic-
tive value (10/14) of ''"C-methionine.
There were 4 of 25 false-positive re-
sults in medium-sized lymph nodes
and 4 of 14 in large lymph nodes.
Interestingly, there were no “‘specific
histologic findings” in false-positive
lymph nodes.

In 1992 Kubota et al. (/4) suggested
considering other agents such as amino
acids to distinguish between reactive
inflammatory changes and neoplastic
activity. Miyazawa et al. (/5) showed a
relationship between !'C-methionine
uptake and tumor growth rate and
showed a high NPV of !'C-methionine
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PET. There were only 2 of 106 false-
positive lymph nodes in 1 of 24 pa-
tients, but the sensitivity was only 3 of
13, compared with 31 of 35 in the study
by Yasukawa et al. This discrepancy needs
to be resolved through further research.

Using !'"C-methionine PET, Lind-
holm et al. (/6) detected lymph node
metastases in 4 of 10 patients with ma-
lignant melanoma but also cautioned:
“inflammatory processes may limit its
use since methionine has been found to
be taken up in lung granulomas, breast
and brain abscesses” (17-19). Those
findings would suggest that !'C-methio-
nine is not likely to help solve the
problem of false-positive results with
FDG PET in the evaluation of lymph
nodes for metastatic involvement.

For the detection of hilar and medias-
tinal lymph node metastases, the sensi-
tivity and specificity of !'C-methionine
(86.9% and 91.1%, respectively) are
not appreciably different from values
generated with FDG PET (averages from
the published figures, 86% and 96.5%).
CT is still the accepted standard of care
in staging NSCLC. If CT was inter-
preted in light of the FDG PET, infor-
mation from PET and CT combined
would improve the overall accuracy
and come close to, if not surpass, the
accuracy of !'C-methionine PET.

The question comes to this: How
useful is !'C-methionine PET in detect-
ing hilar and mediastinal nodal involve-
ment in NSCLC? Do we need it and
when would we need it? FDG PET
does as well as ''C-methionine PET in
assessing nodal involvement in
NSCLC. FDG PET, widely used and
based on broad experience, does not
have the disadvantages of the 20-min
half-life of "'C and the need for an
on-site cyclotron.

Yasukawa et al. did not provide
much clinically relevant information or
patient outcome data. Did methionine
PET change the tumor, necrosis, metas-
tasis status? All patients had surgery.
Although 28.9% of the patients in this
study had positive mediastinal nodes,
39 had lobectomies and 2 had partial
resections. This almost “100% resect-
ability” is in contrast with the generally
expected probability of nonresectable
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NSCLC. Did ''C-methionine PET re-
sults modify therapeutic actions? Did
patients have better outcomes as a
result of the !'C-methionine PET study,
and was that result obtained cost-
effectively? These questions, of course,
cannot be answered with the results of
this study that involved only a small
number of patients and a short fol-
low-up period.

CT and FDG PET, or the combina-
tion of results from these modalities,
probably will—for some time—remain
the accepted methods for preoperative
staging of NSCLC. However, addi-
tional, more specific radiotracers, such
as 'C-methionine or other amino acids
such as ''C-a-aminoisobutyric acid
(20,21), '8F-fluoro-a-methyl-thyrosine
(22), or 1-[!''C]-aminocyclobutanecar-
boxylic acid (23), that have tumor
affinity but less affinity to infectious
processes, need to be explored for their
potential as special differential diagnos-
tic PET tools. Perhaps 1 of these amino
acids might have some utility in further
characterizing lesions positive on FDG
PET, or for evaluation of lesions diffi-
cult to biopsy, or in patients with high
risk for complications from a biopsy.
Certainly, it is premature to recom-
mend ''C-methionine for routine preop-
erative screening for metastases in lung
cancer at this time.

Karl F. Hubner

University of Tennessee Medical
College Knoxville

Knoxville, Tennessee
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