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BSTRACT

 

Background

 

Determining the stage of non–small-
cell lung cancer often requires multiple preoperative
tests and invasive procedures. Whole-body positron-
emission tomography (PET) may simplify and im-
prove the evaluation of patients with this tumor.

 

Methods

 

We prospectively compared the ability of
a standard approach to staging (computed tomogra-
phy [CT], ultrasonography, bone scanning, and, when
indicated, needle biopsies) and one involving PET to
detect metastases in mediastinal lymph nodes and
at distant sites in 102 patients with resectable non–
small-cell lung cancer. The presence of mediastinal
metastatic disease was confirmed histopathologically.
Distant metastases that were detected by PET were
further evaluated by standard imaging tests and bi-
opsies. Patients were followed postoperatively for
six months by standard methods to detect occult
metastases. Logistic-regression analysis was used to
evaluate the ability of PET and CT to identify malig-
nant mediastinal lymph nodes.

 

Results

 

The sensitivity and specificity of PET for
the detection of mediastinal metastases were 91 per-
cent (95 percent confidence interval, 81 to 100 per-
cent) and 86 percent (95 percent confidence interval,
78 to 94 percent), respectively. The corresponding val-
ues for CT were 75 percent (95 percent confidence
interval, 60 to 90 percent) and 66 percent (95 percent
confidence interval, 55 to 77 percent). When the re-
sults of PET and CT were adjusted for each other,
only PET results were positively correlated with the
histopathological findings in mediastinal lymph nodes
(P<0.001). PET identified distant metastases that had
not been found by standard methods in 11 of 102 pa-
tients. The sensitivity and specificity of PET for the
detection of both mediastinal and distant metastatic
disease were 95 percent (95 percent confidence in-
terval, 88 to 100 percent) and 83 percent (95 percent
confidence interval, 74 to 92 percent), respectively.
The use of PET for clinical staging resulted in a dif-
ferent stage from the one determined by standard
methods in 62 patients: the stage was lowered in 20
and raised in 42.

 

Conclusions

 

PET improves the rate of detection
of local and distant metastases in patients with
non–small-cell lung cancer. (N Engl J Med 2000;
343:254-61.)
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HE occurrence of distant metastases and
metastases to mediastinal lymph nodes pro-
foundly affects the prognosis of non–small-
cell lung cancer, making accurate staging

crucial for selecting appropriate treatment. When
used alone, the results of most staging methods, such
as computed tomography (CT), ultrasonography,
and radionuclide bone scanning, are far from ideal.
Whole-body positron-emission tomography (PET)
with 

 

18

 

F-fluorodeoxyglucose (fludeoxyglucose F 18)
as a tracer is a new metabolic imaging technique that
relies on the fact that there is increased metabolism
of glucose in tumor cells.

 

1,2

 

 Pulmonary tumors ac-
tively metabolize the tracer, and several studies have
shown that the method has about 95 percent sensi-
tivity for detecting primary bronchial tumors

 

3,4

 

 and
mediastinal lymph-node metastases.

 

5-7

 

 Within the
body, the method has a lower limit of resolution of
1 to 1.2 cm. The specificity of this method is not op-
timal, because the uptake of 

 

18

 

F-fluorodeoxyglucose
is increased by the presence of inflammatory proc-
esses in the lungs. Another limitation is that histo-
pathological verification of the results of the PET
scan is often conducted only on “hot spots” (areas in
which the uptake of 

 

18

 

F-fluorodeoxyglucose is much
greater than the background uptake in all areas but
the heart, brain, and urinary tract) and does not in-
clude lymph nodes whose uptake of the radioactive
glucose is not increased. The use of PET to identify
distant metastases in patients with non–small-cell lung
cancer has been investigated in a few small studies.

 

8,9

 

Therefore, we prospectively investigated the role of
PET in evaluating the mediastinum and detecting
distant metastases in such patients.

 

METHODS

 

Patients

 

Patients with potentially resectable non–small-cell lung cancer
who were being evaluated with standard tests and procedures in
the outpatient department of pulmonary diseases at Groningen
University Hospital in Groningen, the Netherlands, were eligible
for the study. Patients were excluded if they had hyperglycemia
(defined as a serum glucose level of more than 180 mg per deci-
liter [10 mmol per liter]) before the PET study, since in a pilot
study, such levels seemed to affect the quality of the PET images

T
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adversely, or had undergone cervical mediastinoscopy or paraster-
nal mediastinotomy. All patients were evaluated by means of a his-
tory taking, physical examination, blood count, measurement of
electrolytes, tests of renal and liver function, bronchoscopy, cervical
mediastinoscopy, and CT of the chest, including the upper abdo-
men. In patients with symptoms or signs suggestive of distant me-
tastases, appropriate additional imaging tests and biopsies were
performed. The combination of tests and invasive procedures lead-
ing to clinical classification according to the tumor–node–metas-
tasis (TNM) staging system of the American Joint Committee on
Cancer

 

10

 

 was considered traditional staging. Every two months
for at least six months after thoracotomy, the patients underwent
a physical examination and chest radiography (as well as addition-
al tests in patients suspected of having distant metastases).

All patients gave written informed consent. The study was ap-
proved by the medical ethics committee of Groningen University
Hospital.

 

Surgery

 

Cervical mediastinoscopies, parasternal mediastinotomies, and
explorative thoracotomies were performed by four thoracic sur-
geons. Cervical mediastinoscopy was considered adequate when
it included, at a minimum, biopsy specimens of the paratracheal
and tracheobronchial lymph nodes on the right and left sides, and
subcarinal lymph nodes. Mediastinal lymph nodes were dissected
during thoracotomy, with thorough attention paid to the superi-
or and inferior lymph nodes on the right side or the superior and
inferior mediastinal and aortic lymph nodes on the left. Surgeons
were strongly encouraged to dissect both normal-appearing lymph
nodes and those that appeared enlarged on CT. Lymph nodes were
labeled according to the classification of Mountain and Dresler

 

11

 

and sent for histopathological examination, which included stain-
ing with hematoxylin and eosin.

 

Whole-Body PET

 

PET was performed with a scanner (ECAT model 951/31, Sie-
mens/CTI, Knoxville, Tenn.) that had a field of view of 10.8 cm
and a full width of 6 mm at half-maximal resolution. Data were
reconstructed iteratively

 

12

 

 into coronal, sagittal, and transverse sec-
tions and a three-dimensional rotating projection. 

 

18

 

F-fluorode-
oxyglucose was synthesized according to the method of Hamacher
et al.

 

13

 

 by a high-performance liquid chromatography controlled-
synthesis module.

 

14

 

 Patients were instructed to fast for six hours
before the PET study, but they were allowed to drink water and
to take their usual medications. 

 

18

 

F-fluorodeoxyglucose (370 MBq)
was administered intravenously.

Before the prospective study, we performed a pilot study in sev-
en patients with non–small-cell lung cancer to determine the op-
timal scanning protocol, especially with regard to the mediasti-
num. Static (i.e., isolated rather than dynamic) emission scans were
performed 30, 60, 90, and 120 minutes after the injection of

 

18

 

F-fluorodeoxyglucose. Imaging reconstruction was performed af-
ter 2.5, 5, 8, and 10 minutes in each position for both emission
scans (which measure only 

 

18

 

F-fluorodeoxyglucose uptake) and
transmission scans (source, germanium-68). The results of post-
emission transmission scans were used to correct for attenuation
of the 

 

18

 

F-fluorodeoxyglucose signal. The emission scans performed
90 minutes after the injection of 

 

18

 

F-fluorodeoxyglucose, with re-
constructions made after eight minutes in each position, were con-
sidered to have provided the best images with respect to the ex-
tent of contrast between hot spots and the background level in
mediastinal lymph-node levels. Both types of scans were performed
from the level of the first cervical vertebra to the level of the fifth
lumbar vertebra. All clinicians involved in the care of the patients
were unaware of the results of PET.

 

CT of the Chest

 

CT of the chest and upper abdomen including the adrenal
glands was performed with a 120-KV, 125-mA tomoscan (model

SR 7000, Philips Medical Systems, Enthoven, the Netherlands)
with a slice thickness of 10 mm and a scanning time of one second
per slice. During CT, 200 ml of contrast medium (Omnipaque,
iohexol, Nycomed, Amersham, Princeton, N.J.) was administered
intravenously at a rate of 1.5 ml per second. In 13 patients no
contrast medium was used.

 

Assessment of Metastases

 

Hot Spots inside the Mediastinum

 

A positive PET scan was one that had at least one hot spot. All
imaging studies were analyzed by two independent observers who
were not aware of the patients’ clinical data. If they could not
reach a consensus, the opinion of a third observer was sought.

The gold standard for the diagnosis of mediastinal metastases
is surgical exploration of the mediastinum and histopathological
examination of mediastinal lymph-node compartments (stations).
Because the degree of anatomical resolution of mediastinal lymph
nodes with PET is limited, we broadened the lymph-node cate-
gories in the classification of Mountain and Dresler

 

11

 

 in order to
compare the results of CT, PET, and histopathological analysis (Fig.
1). For the interpretation of the CT findings, the mediastinal
lymph nodes were divided in two categories: those with a diam-
eter of less than 1 cm in the shortest axis were considered normal
in size and those with a diameter of 1 cm or more were considered
to be enlarged.

 

Hot Spots outside the Mediastinum

 

Hot spots outside the mediastinum were described according
to their anatomical locations and were related to data obtained by
traditional staging methods, including the data obtained during
the six-month follow-up in the case of lesions that had not been
detected previously by traditional staging methods. If there was a
clinical suspicion of distant metastases during the follow-up peri-
od, biopsies or imaging tests were performed. The results of PET
were considered to be falsely positive if no metastases became ap-
parent at a hot spot during follow-up.

 

Statistical Analysis

 

The study was designed to detect with a power of 0.85 and a
two-sided 

 

a

 

 level of 0.05 a difference of 35 percent between the
sensitivity of PET and that of CT (whose sensitivity was assumed
to be 60 percent). In order to identify such a difference, the study
required a minimum of 30 patients with mediastinal metastases.
Assuming that mediastinal metastases are present in about 30
percent of patients with resectable non–small-cell lung cancer, a
minimum of 100 patients had to be enrolled.

We determined the sensitivity, specificity, and diagnostic accuracy
of each imaging method and of the combination of PET and CT.

The degree of agreement between observers was quantified with
the kappa statistic. The two-sided sign test was used to compare
the differences between the TNM class identified by PET and that
identified by traditional methods of staging. Logistic-regression
analysis was performed to evaluate the relative ability of PET and
CT to identify metastatic cancer in mediastinal lymph nodes. A
P value of less than 0.05 was considered to indicate statistical sig-
nificance. Statistical analysis was carried out with SPSS software.

 

RESULTS

 

Patients

 

Between September 1996 and December 1998,
we evaluated 110 consecutive patients. Non–small-
cell lung cancer was diagnosed in 102 patients: 58
had squamous-cell carcinoma, 28 had adenocarcino-
ma, 13 had large-cell carcinoma, 2 had adenosqua-
mous carcinoma, and 1 had a neuroendocrine tumor.
We excluded two patients with solitary metastases
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from melanoma and breast cancer, respectively; one
with tuberculosis; one with sarcoidosis; and four in
whom mediastinal dissection was inadequate. The
characteristics of the 102 patients who were evaluat-
ed are shown in Table 1.

 

Surgery

 

All patients underwent a cervical mediastinoscopy
that explored lymph-node levels 1, 2, 3, and 5 (Fig.
1). In patients who underwent a right-sided thora-
cotomy, mediastinal lymph nodes at levels 1, 2, 5,
and 6 were dissected, and in those who underwent
a left-sided thoracotomy, lymph nodes at levels 1, 3,
4, 5, and 7 were dissected. Six patients with solitary
parenchymal metastasis were considered to have re-
sectable tumors. In three patients with solitary brain
metastases, curative lobectomy was performed after
the removal of the brain lesion. In two patients with

two primary tumors in two lobes of the same lung, a
curative pneumonectomy was performed. One patient
with a non–small-cell lung cancer of stage T2N2M1
had a double tumor and microscopic tumor invasion
of the subcarinal lymph nodes, all three of which
were completely resected. In the group as a whole,
97 percent of the mediastinal lymph-node levels that
could be reached were dissected (Table 1). At each
level a median of 7 separate lymph nodes (range, 1 to
18) were dissected. Histopathological analysis showed
that a total of 37 mediastinal lymph-node levels con-
tained metastatic tumor.

 

Detection of Primary Tumor with PET

 

Every primary tumor was detected as an intense
hot spot on PET scans (Fig. 2). In one patient with
two primary tumors, the squamous-cell carcinoma ap-
peared as a hot spot on PET, but surprisingly, the

 

Figure 1.

 

 Mediastinal Lymph-Node Levels Used to Compare the Results of PET, CT, and Histopathological Analysis.
Level 1 included the superior mediastinum; level 2, the right side of the paratracheal and tracheobronchial areas; level
3, the left side of the paratracheal and tracheobronchial areas; level 4, the subaortic and paraaortic areas; level 5, the
subcarinal area; level 6, the right side of the paraesophageal area and the pulmonary ligament; and level 7, the left side
of the paraesophageal area and the pulmonary ligament.

J
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adenocarcinoma was not detected, although it was
clearly visualized on CT.

 

Detection of Mediastinal Metastases with PET

 

Mediastinal lymph-node metastases were correctly
detected by PET in 29 of 32 patients with positive
results on histopathological analysis (Table 2) and in
28 of the 37 mediastinal lymph-node levels that were
positive for metastatic tumor on histopathological
analysis. PET correctly identified 60 of 70 patients
who did not have mediastinal lymph-node metasta-
ses on histopathological analysis (Table 2). Distin-
guishing between intrapulmonary involvement and
mediastinal lymph-node involvement is an important
part of the process of deciding whether thoracotomy
should be performed. The sensitivity and specificity
of PET for detecting mediastinal metastases were 91
percent (95 percent confidence interval, 81 to 100
percent) and 86 percent (95 percent confidence in-
terval, 78 to 94 percent), respectively (Table 3). The
overall negative predictive value of the method was
95 percent (95 percent confidence interval, 90 to 100
percent), and the positive predictive value was 74

 

*Positive and negative findings refer to the results of his-
topathological analysis.

†The tumor–node–metastasis (TNM) system of classifica-
tion of the American Joint Committee on Cancer was used.
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Sex (no. of patients)
Male
Female

88
14

Median age (yr)
Median
Range

63
25–77

Cervical mediastinoscopy (no. of patients)*
Positive findings
Negative findings

15
87

Mediastinal exploration during thoracotomy 
(no. of patients)*

Positive findings
Negative findings

17
70

Thoracotomy (no. of patients)
Right-sided
Left-sided

48
39

No. of mediastinal lymph-node levels
Surgically reachable
Surgically dissected

534
516

Pathological stage (no. of patients)†
T1–4N0M0
T1–4N1M0
T1–4N2M0
T2N3M0
T1–4N1M1
T2N0M1
T2N2M1

47
18
28
3
3
2
1

 

Figure 2.

 

 CT and PET Findings in a Centrally Located Adenocar-
cinoma of the Left Lung and a Small Pretracheal Lymph Node
in a Patient with Non–Small-Cell Lung Cancer.
On the axial CT scan of the chest (Panel A), the primary tumor
(white arrow) is adjacent to the pulmonary artery; the lymph
node is indicated by the dotted arrow. On the axial PET scan
(Panel B) and coronal PET scan (Panel C), the primary tumor
(white arrows) and lymph node (dotted arrows) show increased
uptake of 

 

18

 

F-fluorodeoxyglucose. Physiologic uptake of 

 

18

 

F-flu-
orodeoxyglucose by the myocardium is also apparent.

A

B
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percent (95 percent confidence interval, 60 to 88
percent). Because of the presence of reactive hyper-
plasia in the mediastinal lymph nodes of seven pa-
tients and of silicoanthracosis in three, PET produced
a false positive result. False negative results were due
to microscopic-tumor residue in two patients and to
the inability of the method to distinguish between
paramediastinal primary tumor and mediastinal lymph
nodes in one patient. The degree of interobserver
agreement (kappa value) in detecting mediastinal hot
spots was 0.87 (95 percent confidence interval, 0.64
to 1.0).

 

Detection of Distant Metastases with PET

 

In 20 of 102 patients, 29 hot spots were detected
outside the mediastinum (Fig. 3). Three malignant

satellite nodules in the resected lobe were confirmed
to be present during histologic examination, and 17
of the 29 hot spots were diagnosed as metastases
during the follow-up period — 3 by means of biop-
sy, 5 on the basis of the detection of new, growing
lesions on ultrasonography, 5 by means of CT, and
4 on the basis of a finding of lytic lesions on radio-
graphic imaging. Nine hot spots — four in the colon,
two in the lung, and one each in the liver, adrenal
glands, and rib — were considered to be false positive
results, since no metastases were identified in these
areas during the follow-up period.

PET correctly identified distant metastases in 11
of 102 patients (11 percent) in whom the usual meth-
ods of staging had found none. In three other pa-
tients, intrapulmonary metastases had been detected
by CT. In three patients without hot spots, distant
metastases developed during follow-up. No distant
metastases were diagnosed during follow-up in 79
patients without hot spots on PET. The sensitivity
and specificity of PET for detecting distant metasta-
ses alone were 82 percent (95 percent confidence in-
terval, 64 to 100 percent) and 93 percent (95 percent
confidence interval, 88 to 98 percent), respectively.
The degree of interobserver agreement was 0.98 (95
percent confidence interval, 0.73 to 1.0).

 

CT of the Chest

 

In 20 of the 37 lymph-node levels that were pos-
itive for metastatic tumor on histopathological analy-
sis, CT revealed enlarged mediastinal lymph nodes.
CT correctly identified 46 of 70 patients who did
not have mediastinal metastases on histopathological
analysis and 24 of 32 patients who did have medias-
tinal metastases (Table 2). In eight patients with me-
diastinal lymph-node metastases, the size of the lymph
nodes was normal. The sensitivity of CT was 75 per-
cent (95 percent confidence interval, 60 to 90 per-
cent), and the specificity was 66 percent (95 percent
confidence interval, 55 to 77 percent). An example
of a mediastinal metastasis that was identified as a
hot spot on PET but was deemed normal on CT is
shown in Figure 4.

 

Overall Prognostic Value of PET

 

The overall sensitivity and specificity of PET, as
compared with histopathological analysis, in detect-
ing mediastinal and distant metastatic disease were
95 percent (95 percent confidence interval, 88 to 100
percent) and 83 percent (95 percent confidence in-
terval, 74 to 92 percent), respectively. Logistic-regres-
sion analysis revealed that the results of both PET
and CT were significantly correlated with the results
of histopathological analysis. When adjusted for each
other, however, the correlation remained significant
only for PET (P<0.001). The use of PET for clinical
staging resulted in a different stage from the one ar-
rived at by the usual methods in 62 of 102 patients.

 

*Lymph-node specimens were obtained by biopsy during
cervical mediastinoscopy or dissected as part of mediastinal
exploration during thoracotomy.
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NEGATIVE POSITIVE

 

Negative Negative 43 17 60

Negative Positive 3 7 10

Total 46 24 70

Positive Negative 1 2 3

Positive Positive 7 22 29

Total 8 24 32

*The results of each method were compared with the re-
sults of histopathological analysis.

†For each pair of tests, the results of at least one imaging
technique were positive.

TABLE 3. SENSITIVITY, SPECIFICITY, AND ACCURACY 
OF CT, PET, AND BOTH CT AND PET 

AS COMPARED WITH HISTOPATHOLOGICAL 
ANALYSIS FOR THE MEDIASTINAL EVALUATION 

OF PATIENTS WITH RESECTABLE 
NON–SMALL-CELL LUNG CANCER.

METHOD* SENSITIVITY SPECIFICITY ACCURACY

percent (95% confidence interval)

CT 75 (60–90) 66 (55–77) 69 (60–78)

PET 91 (81–100) 86 (78–94) 87 (80–94)

PET and CT† 94 (86–100) 86 (78–94) 88 (82–94)
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In 20 patients the stage determined by PET was
lower, and in 42 patients it was higher (P<0.01 by
the two-sided sign test).

DISCUSSION

The ability of PET to identify tumors depends pri-
marily on the degree of uptake of 18F-fluorodeoxy-
glucose by malignant cells, the size of the tumor, and
the presence or absence of inflammation. Non–small-
cell lung-cancer cells avidly incorporate 18F-fluoro-
deoxyglucose because they have an increased rate of
glycolysis and overexpress the glucose transporter.15

At presentation, most non–small-cell lung cancers
are large enough to have hot spots on PET scans. In-
flammation from an obstructing endobronchial tu-
mor or other inflammatory processes cause most of
the false positive hot spots on PET scans. Previous
studies have found that PET has good sensitivity and

Figure 3. Preoperative Axial CT and PET Findings in a Patient
with Non–Small-Cell Lung Cancer.
The preoperative CT scan revealed no metastases in the liver
(Panel A), whereas the PET scan showed three hot spots in the
liver (Panel B). Liver metastases were confirmed during follow-
up. In Panel B, the asterisk indicates diffuse uptake of 18F-fluo-
rodeoxyglucose in the stomach wall as a result of gastritis.

B

Figure 4. CT and PET Findings in a Patient with Squamous-Cell
Carcinoma of the Right Lung.
No abnormal mediastinal lymph nodes were observed at level
2 on the CT scan (Panel A). On the corresponding axial PET
scan (Panel B) and coronal PET scan (Panel C), the uptake of
18F-fluorodeoxyglucose was increased (arrows). The arrow in
Panel A indicates the area of increased uptake in Panels B and C.

A

B

A

C
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specificity for detecting mediastinal lymph-node me-
tastases, but some of these investigations did not re-
port to what extent surgical exploration was used to
confirm the presence of such metastases.5,6,16 The
sensitivity and specificity of this method can be mis-
leadingly high if a biopsy of normal-sized lymph nodes
with minimal tumor is not performed. To relate PET
data to histopathological data, both normal-appear-
ing and abnormal-appearing lymph nodes must un-
dergo biopsy or be removed for further examination.
In our study, 97 percent of the mediastinal lymph-
node levels that could be reached surgically were dis-
sected and underwent histopathological analysis.

A disadvantage of PET is its limited anatomical
resolution, which makes assessment of the extent of
the primary tumor, especially if it invades the medi-
astinum, unreliable. For the same reason, mediasti-
nal hot spots can be related only to lymph-node lev-
els and not to individual lymph nodes. We defined
these levels during the preliminary part of the study
to facilitate the interpretation of distinct hot spots in
the mediastinum.

Another problem with PET is that 18F-fluorode-
oxyglucose accumulates as part of the physiologic
process in the brain and urinary tract, which makes
an evaluation of metastases at these sites difficult. A
qualitative analysis of PET images can serve only to
rule out the presence of such metastases and not to
identify them.7,17 This point brings the usefulness of
transmission scanning for this purpose into ques-
tion, although the results of mediastinal and hepatic
scanning are slightly improved after correction for
attenuation of the 18F-fluorodeoxyglucose signal. The
use of CT together with PET may help to pinpoint
the anatomical location of the hot spot, especially in
the case of intrapulmonary lymph nodes, which are
located close to the mediastinum and thus can be
mistaken for mediastinal lymph nodes.18 However, in
one study, computerized fusion of the two types of
images seemed to be only marginally more beneficial
than simple visual correlation of the PET scan and
CT scan in terms of pinpointing metastases in tho-
racic lymph nodes.19 We also found that combining
CT with PET did not significantly improve sensitiv-
ity and specificity.

The high negative predictive value of PET for
mediastinal lymph-node metastases can be used to
advantage in the approach to patients with non–
small-cell lung cancer, because invasive procedures
are probably not necessary in a patient with negative
findings on PET in the mediastinum. However, our
finding of a positive predictive value of 74 percent
means that patients in whom a mediastinal hot spot
is found on PET will need to undergo a cervical me-
diastinoscopy as part of the workup for non–small-
cell lung cancer. The positive predictive value will be
lower in patients with inflammatory changes.20,21

Frequent sites of distant metastasis in patients with

non–small-cell lung cancer are the liver, adrenal
glands, bone, and brain. Whole-body PET can replace
other types of imaging for all these sites except the
brain, where the degree of uptake of 18F-fluorode-
oxyglucose lacks specificity. The use of PET to iden-
tify distant metastases in patients with non–small-
cell lung cancer has not been extensively studied, but
the method may offer better results for bone metas-
tases than bone scanning.8 If we had not also per-
formed invasive procedures in our study, 17 percent
of patients would have been denied potentially cur-
ative surgery because of false positive mediastinal or
distant hot spots or both. For this reason, a positive
PET result requires an evaluation involving medias-
tinoscopy and, if indicated for distant lesions, addi-
tional procedures.

Our study confirms that, as compared with tradi-
tional staging methods, PET can result in a more ac-
curate classification of the stage of disease in patients
with resectable non–small-cell lung cancer. The in-
creased accuracy may improve survival, but this out-
come was not the primary end point of our study.
Therefore, a randomized study is necessary to deter-
mine whether a diagnostic strategy that includes PET
can improve survival. However, some small studies
have suggested that the use of standardized uptake
values for the primary tumor has independent prog-
nostic value.22,23

Concurrent detection of mediastinal and distant me-
tastases by 18F-fluorodeoxyglucose PET will decrease
the number of tests and invasive procedures required
in the evaluation of patients with non–small-cell lung
cancer. Implementing PET at the start of the staging
process may improve the efficiency of the workup, but
at this time the procedure is not cost effective, given
the limited availability of dedicated PET cameras.

Supported by a grant for data management from Groningen University
Hospital.

Presented in part at the International Conference of the American Tho-
racic Society–American Lung Association, San Diego, Calif., April 23–28,
1999, and at the Annual Meeting of the American Society of Clinical On-
cology, Atlanta, May 15–18, 1999.

REFERENCES

1. Dahlbom M, Hoffman EJ, Hoh CK, et al. Whole-body positron emis-
sion tomography. I. Methods and performance characteristics. J Nucl Med 
1992;33:1191-9.
2. Nolop KB, Rhodes CG, Brudin LH, et al. Glucose utilization in vivo 
by human pulmonary neoplasms. Cancer 1987;60:2682-9.
3. Sazon DAD, Santiago SM, Soo Hoo GW, et al. Fluorodeoxyglucose-
positron emission tomography in the detection and staging of lung cancer. 
Am J Respir Crit Care Med 1996;153:417-21.
4. Dewan NA, Gupta NC, Redepenning LS, Phalen JJ, Frick MP. Diag-
nostic efficacy of PET-FDG imaging in solitary pulmonary nodules: poten-
tial role in evaluation and management. Chest 1993;104:997-1002.
5. Chin R Jr, Ward R, Keyes JW, et al. Mediastinal staging of non-small-
cell lung cancer with positron emission tomography. Am J Respir Crit Care 
Med 1995;152:2090-6.
6. Steinert HC, Hauser M, Allemann F, et al. Non-small cell lung cancer: 
nodal staging with FDG PET versus CT with correlative lymph node map-
ping and sampling. Radiology 1997;202:441-6.
7. Vansteenkiste JF, Stroobants SG, De Leyn PR, et al. Lymph node stag-
ing in non-small-cell lung cancer with FDG-PET scan: a prospective study 



PREOPERATIVE STAGING OF NON–SMALL-CELL LUNG CANCER WITH POSITRON-EMISSION TOMOGRAPHY

Volume 343 Number 4 · 261

on 690 lymph node stations from 68 patients. J Clin Oncol 1998;16:2142-
9.
8. Bury T, Barreto A, Daenen F, Barthelemy N, Ghaye B, Rigo P. Fluo-
rine-18 deoxyglucose positron emission tomography for the detection of 
bone metastases in patients with non-small cell lung cancer. Eur J Nucl 
Med 1998;25:1244-7.
9. Weder W, Schmid RA, Bruchhaus H, Hillinger S, von Schulthess GK, 
Steinert HC. Detection of extrathoracic metastases by positron emission 
tomography in lung cancer. Ann Thorac Surg 1998;66:886-92.
10. Mountain CF. Revisions in the International System for Staging Lung 
Cancer. Chest 1997;111:1710-7.
11. Mountain CF, Dresler CM. Regional lymph node classification for 
lung cancer staging. Chest 1997;111:1718-23.
12. Lonneux M, Borbath I, Bol A, et al. Attenuation correction in whole-
body FDG oncological studies: the role of statistical reconstruction. Eur J 
Nucl Med 1999;26:591-8.
13. Hamacher K, Coenen HH, Stöcklin G. Efficient stereospecific synthe-
sis of no-carrier-added 2-(18F)-fluoro-2-deoxy-D-glucose using aminopoly-
ether supported nucleophilic substitution. J Nucl Med 1986;27:235-8.
14. Medema J, Luurtsema G, Keizer H, Tilkema SP, Elsinga PH, Vaalburg 
W. Performance of a fully automated and unattended production system of 
[18F]FDG. J Labelled Compd Radiopharm 1999;42:Suppl 1:S853-S855.
15. Brown RS, Leung JY, Kison PV, Zasadny KR, Flint A, Wahl RL. Glu-
cose transporters and FDG uptake in untreated primary human non-small 
cell lung cancer. J Nucl Med 1999;40:556-65.
16. Valk PE, Pounds TR, Hopkins DM, et al. Staging non-small cell lung 

cancer by whole-body positron emission tomographic imaging. Ann Tho-
rac Surg 1995;60:1573-81.
17. Imran MB, Kubota K, Yamada S, et al. Lesion-to-background ratio in 
nonattenuation-corrected whole-body FDG PET images. J Nucl Med 
1998;39:1219-23.
18. Wahl RL, Quint LE, Greenough RL, Meyer CR, White RI, Orringer 
MB. Staging of mediastinal non-small cell lung cancer with FDG PET, CT, 
and fusion images: preliminary prospective evaluation. Radiology 1994;
191:371-7.
19. Vansteenkiste JF, Stroobants SG, Dupont PJ, et al. FGD-PET scan in 
potentially operable non-small cell lung cancer: do anatometabolic PET-
CT fusion images improve the localisation of regional lymph node metas-
tases? Eur J Nucl Med 1998;25:1495-501.
20. Lewis PJ, Salama A. Uptake of fluorine-18-fluorodeoxyglucose in sar-
coidosis. J Nucl Med 1994;35:1647-9.
21. Kubota R, Yamada S, Kubota K, Ishiwata K, Tamahashi N, Ido T. In-
tratumoral distribution of fluorine-18-fluorodeoxyglucose in vivo: high ac-
cumulation in macrophages and granulation tissues studied by microauto-
radiography. J Nucl Med 1992;33:1972-80.
22. Ahuja V, Coleman RE, Herndon J, Patz EF Jr. The prognostic signif-
icance of fluorodeoxyglucose positron emission tomography imaging for 
patients with nonsmall cell lung carcinoma. Cancer 1998;83:918-24.
23. Vansteenkiste JF, Stroobants SG, Dupont PJ, et al. Prognostic impor-
tance of the standardized uptake value on 18F-fluoro-2-deoxy-glucose-pos-
itron emission tomography scan in non-small-cell lung cancer: an analysis 
of 125 cases. J Clin Oncol 1999;17:3201-6.

RECEIVE THE JOURNAL’S TABLE OF CONTENTS EACH WEEK BY E-MAIL

To receive the table of contents of the New England Journal of Medicine by e-mail 

every Wednesday evening, send an e-mail message to:

listserv@massmed.org

Leave the subject line blank, and type the following as the body of your message:

subscribe TOC-L

You can also sign up through our Web site at: 

http://www.nejm.org


