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8F-FDG PET Provides High-Impact and
Powerful Prognostic Stratification in Staging
Newly Diagnosed Non-Small Cell Lung Cancer
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Survival of lung cancer patients remains poor despite increas-
ingly aggressive treatment. Conventional staging has well-de-
scribed limitations. '8F-FDG PET has been shown to stage lung
cancer more accurately than does CT scanning, but the impact
on patient treatment and outcome is poorly defined. This study
evaluated this impact in routine clinical practice within a tertiary
oncology facility. Methods: For 153 consecutive patients with
newly diagnosed non—-small cell lung cancer, the treatment plan
based on conventional staging methods was compared with the
treatment plan based on incorporation of PET findings. Survival
was analyzed using the Cox proportional hazards regression
model. Results: For broad groupings of stage, 10% of cases
were downstaged and 33% upstaged by PET. When assess-
able, the PET stage was confirmed in 89% of patients. PET had
a high impact on 54 patients (35%), including 34 whose therapy
was changed from curative to palliative, 6 whose therapy was
changed from palliative to curative, and 14 whose treatment
modality was changed but not the treatment intent. For 39
patients (25%), a previously selected therapy was altered be-
cause of the PET findings. The Cox model indicated that the
pre-PET stage was significantly associated with survival (P =
0.013) but that the post-PET stage provided much stronger
prognostic stratification (P < 0.0001) and remained significant
after adjustment for treatment delivered. Conclusion: Staging
that incorporated PET provided a more accurate prognostic
stratification than did staging based on conventional investiga-
tions. Further, the additional information provided by PET sig-
nificantly and appropriately changed management in the major-
ity of patients.
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poor (1). Radical radiotherapy, particularly if combined
with platinum-based chemotherapy, can be curative in pa-
tients with unresectable diseas®,3). Planning surgical
treatment or radical radiotherapy involves staging the extent
of locoregional disease in the thorax and excluding wider
metastatic disease in appropriate patients.

Contrast-enhanced CT is the standard noninvasive
method to stage cancer in the thorax and upper abdomen.
However, both the negative and the positive predictive
values of CT for staging cancer in the mediastinum have
been relatively poor in most reported seriey. (Unlike
conventional CT, PET has been shown to have a high
predictive accuracy, as verified surgically, for staging the
locoregional extent of lung cances,6). The spatial reso-
lution of PET is generally insufficient to exclude small-
volume disease, and false-positive results can occur as a
result of inflammatory processes, yet PET has been shown
to be substantially more accurate than CT in almost all
comparative studies of the two, and there is evidence that
the results of PET affect clinical decision makirg} 4,8).
Most series, however, have comprised primarily early-stage
disease suitable for curative surgery and not the broad
spectrum of disease seen at radiation oncology facilities.

In this article, we detail our analysis of 153 consecutive
patients undergoing®-FDG PET for primary staging of
recently diagnosed, non—small cell lung cancer for which
either surgery or radiotherapy was being considered. This
study looked at the ability of PET to affect patient manage-
ment and, more important, to provide prognostic stratifica-
tion as determined by survival.

MATERIALS AND METHODS

L ung cancer is the most common cause of cancer depiftient Population

in western society and is increasing in incidence. SurgeryAll patients referred for PET evaluation of suspected lung
remains the mainstay of attempts to cure non—small celincer between September 10, 1996, and December 21, 1998,
lung cancer (NSCLC), but postsurgical prognosis remaim&re prospectively entered into a database. From this database,
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patients were eligible for this study if they had a new diagnosis of
potentially curable and as yet untreated NSCLC. Patients were
excluded if they had mixed tumors containing both NSCLC and
small cell lung cancer. Patients with unresectable systemic metas-
tases that had been confirmed on biopsy or on the basis of un-
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equivocal conventional imaging appearances were also excludéetre was discordance with other staging procedures. As with

Some patients had undergone wedge resection of the primapnventional staging investigations, equivocal PET abnormalities

lesions before the PET scan but were included if the mediastinwmere considered negative and the patient was given the most

had not been dissected. In all, 153 patients met the eligibilifavorable stage.

criteria (102 men, 51 women; mean ageSD, 66 = 9 y). The To simplify the presentation of data, we have not shown sub-

histologic types were squamous cell carcinoma in 74 patientdassification of stages into A and B groupings but, rather, have

adenocarcinoma in 54 patients; large cell carcinoma in 21 patientsed broad groupings of stage (I-1V). The fine groupings were,

and non-small cell carcinoma, not otherwise specified, in 4 paewever, recorded for each patient. Unless otherwise mentioned,

tients. the findings on statistical analysis for broad groupings were also
During the study interval, limited availability of PET imagingpertinent to fine groupings.

slots meant that approximately only 70% of all patients referred to

our hospital for potentially curative treatment could be scanndtpSessment of Impact o o

(9). Eligible patients were allocated PET imaging on the basis of Our rqutlne clinical request form asks clinicians to |nd.|cate

first come, first served. Collection of impact data and outcome w41t their management plan would be if PET were unavailable.

approved by our institutional ethics committee. The scans wel8is information, when available for the study participants, was

obtained as part of routine clinical practice at our institution. €ntered into a database, and an oncologist experienced in manag-
ing lung cancer categorized the pre-PET treatment intent by syn-

PET Scan Acquisition and Processing thesizing the available clinical and imaging information. For 42
PET scans were acquired on a PENN-PET 300-H scanngitients (27%), a pre-PET treatment plan had not been recorded on
(UGM Medical Systems, Inc., Philadelphia, PA). Emission datge request form, and we relied on the patient's pre-PET medical
were processed using iterative reconstruction both with and withecord and discussions with the referring clinician. In this manner,
out attenuation correction. The performance characteristics of thig could determine a pre-PET plan of management and treatment
scanner and the processing methods have been described prgwnt for all patients. The post-PET plan and intent was deter-
ously (10-12). The scan incorporated the lower neck, thorax, affined from the medical record or direct contact with the referring
upper abdomen for all patients but was extended to include agbhician. In all but 3 patients, the treatment delivered corre-
sites of equivocal abnormality on conventional staging. The bragponded to the treatment planned after the PET result became
was not included in the imaging field. An experienced nucleaiailable. One patient refused the recommended treatment, and 2
medicine physician reviewed both image sets on a computer c@fthers had medical conditions that precluded it.
sole, allowing interactive review of orthogonal slices. PET scans The impact on management was considered high when the
were reported in combination with the results of previous imagingeatment intent or modality was changed (e.g., from palliative to
and clinical information. Standard uptake values were not rodurative treatment or from surgery to radiotherapy), medium when
tinely calculated. Once issued, the PET scan report was entefggl method of treatment delivery was changed (e.g., a change in
into the database and was not reinterpreted in the light of subggdiation treatment volume), and low when the PET results did not
quent clinical information. indicate a need for change. PET was considered to have had no
impact when the management plan was not changed despite being

Determination of Disease Stage . . .
fconsistent with the post-PET stage.

Staging was performed according to the 1997 update of t
international staging system for lung cancé&B8) and routinely Follow-Up

involved CT with dynamic contrast material (unless contraindi- \ypen appropriate, details of the date and cause of death were
cated because of contrast allergy) and bone scanning in all Righained. For patients treated radically, the site or sites of first
patients with asymptomatic stage IA disease. All routine stagingqgression were recorded. Progression was defined as the enlarge-

investigations were reviewed at a weekly meeting of a multidigrent of previous masses or the appearance of new lesions. Stable

ciplinary lung unit that included specialists on lung cancer stagingsiqual abnormalities within the thorax were not recorded as
and treatment. Although many of the CT scans were obtained {fsiqual disease unless verified by pathologic analysis.
community practices before the patients were referred to our

tertiary oncology facility, almost all scans were acquired usingtatistical Methods

helical scanners and, unless deemed to be inadequate for treatmefurvival was estimated using the Kaplan—Meier product-limit
planning, were not repeated. CT or MRI of the brain was pemethod and compared using the Cox proportional hazards regres-
formed on only those patients for whom cerebral metastasis w&ien model. When indicated, the models were stratified by treat-
clinically suspected. Each patient was assigned a pre-PET tummoent given. The prognostic significance of individual factors has
node, metastasis (TNM) stage on the basis of all available clinideé@en summarized using hazard ratios representing the death rate
conventional staging information. Mediastinal and hilar lymplfior a given group relative to a baseline group, and the significance
nodes were regarded as positive for tumor on CT if they wete of these factors was tested by measuring the change in the log
cm in maximum transverse diameter. When imaging findings welikelihood associated with their removal from the model. To assess
equivocal and could not readily be resolved (e.g., borderline etire prognostic value of incorporating the PET findings into the
largement of an adrenal gland), the patient was assigned the lowtging process, we compared estimated survival for the pre-PET
stage, and curative treatment, if otherwise appropriate, wskage with that for the post-PET stage. We also compared survival
planned to give the patient the benefit of the doubt. Equivochised on whether curative or palliative treatment was planned
findings were, however, recorded in the database to determivefore and after PET. The 95% confidence interval (Cl) is given
whether incremental PET findings were limited to confirmation dbr the main results. Unless otherwise specified, 2-sided probabil-
disease at these sites. After the PET scan, the patient was assidtyedalues are reported with no adjustment for multiple compari-
a post-PET TNM stage that relied fully on the results of PET whesons, and group data are expressed as nme&t.
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RESULTS Accuracy of PET

Survival was measured from the date of the staging PET 1€ accuracy of the post-PET stage could be assessed

scan to the date of death from any cause. The data w&/i1er by histopathology or by demonstration of progressive
analyzed with a closeout (study censor) date of July 1, 1994S€ase on serial imaging in 81 (53%) of 153 patients and
Thus, the potential follow-up interval from the date of thd&/aS confirmed in 72 (89%) of these. Of the 32 patients for
PET scan to the closeout date ranged from 6 to 34 mo (2’Y§'0m PET had a h|_gh 'mPaCt on management, t_he post-
y), with a median of 17 mo (1.4 y). All but 2 (1%) of the 153°ET stage was confirmed in 28 .(88%). The 4 patlen.ts for
patients entered into the study had a known status at l\p{Qom the post-PET stage was Incorrect were also incor-
closeout date. Both patients who were lost to follow-u petly evalua.ted' by convgntlonal staging. For a!l patients
before the closeout date had gone overseas. For th se PET findings were ignored, the stage of disease was

patients who were lost to follow-up, survival was censoreff |dat::‘d b% serial |ma_g|ntg_p(= 91' histo,ip/lathtologt)_/r(j 4]2’
at the date of last contact. Both were free from diseaS& POSIMOrem examina iom(= 1). Most patients for

progression at that time. For patients who were still alive yfhom PET altered the radiation reatment volume were not
the study closeout, survival was censored at that date evaluable because the treatment volume was enlarged to

include normal-sized nodes. However, follow-up validated
Comparison of Pre- and Post-PET Stages the PET findings in all 15 assessable patients in this group,

The post-PET stage was different from the conventiof@r Whom areas of structural abnormality were excluded
ally determined stage in 65 (42%) of 153 patients. When th@m the field on the basis of negative PET findings.
subclassifications within stages were not considered, 10%
of cases were downstaged, 58% remained at the same stgg@@act of PET Results on Treatment Planning

and 33% were upstaged (Table 1). The probability of a The PET results were believed to have a high impact on
change in stage did not appear to depend on the origing] patients (35%). This group included 34 (22%) of 153
stage (P= 0.35, test for trend). The presence of an equisatients for whom the intent was changed from curative
ocal finding on conventional staging did not alter the likerreatment to palliative treatment or to supportive care after
lihood of stage migration after PET. When convention®ET showed more extensive disease than had been sus-
staging was equivocal, 8% were downstaged and 33% \jected clinically. Furthermore, 6 patients (4%) for whom
staged by PET, compared with 12% downstaged and 324ly palliative therapy was initially considered suitable
upstaged by PET when conventional staging was definiigceived curative treatment after PET suggested less exten-
(P = 0.69). Systemic metastases were, however, masie disease than conventional staging had suggested. Fi-
likely to be detected in patients with locally advancedally, in 14 patients (9%) the treatment modality was
disease. Stage IV disease was found in 7 (11%) of @hanged but not the treatment intent.

patients with stage | or Il disease on conventional stagingPET had a medium impact on 39 patients (25%) that
versus 19 (24%) of 80 patients with stage Ill disede=( primarily included changes in radiation treatment volume.
0.034). Although patients with confirmed systemic metaET had low impact on 46 patients (30%), whose treatment
tases on conventional staging investigations were genergiceeded as planned because the PET results were concor-
excluded from this study, 8 patients with potentially resectiant with the results of conventional staging investigations.
able disease, including isolated cerebral metastasis, wem® 14 patients (9%), PET was considered to have no
included. When subclassifications within stages were coimpact, because additional information from PET was not
sidered, stage migration was even greater, with 40% wo$ed in treatment planning. In these 14 patients, the accu-
cases being upstaged and 10% downstaged. This findnagy of PET was confirmed by clinical follow-up, which

had some implications for therapeutic planning. ended with death from progressive metastatic disease in all
TABLE 1
Comparison of Cancer Stage Before and After PET
Pre-PET Post-PET stage* % %
stage” | 1l 1 v Total Downstaged Upstaged
[ 24 3 13 5 45 0 47
Il 1 9 8 2 20 5 50
Il 6 4 51 19 80 13 24
v 2 1 1 4 8 50 0
Total 33 17 73 30 153 10 33

*Data are numbers of patients.
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but 1 patient, from whom chest wall disease detected orhereas after adjustment for the pre-PET stage, the post-
PET was subsequently successfully resected after local pRET stage remained highly significantly associated with
gression. survival (P= 0.0001). After adjustment for treatment given,
Prediction of Survival by PET each increase in the pre-PET stage was associated with an

Seventy-eight of the 153 patients were known to ha\;eesUmated average increase of 14% in the rate of death (95%

died before the closeout date. For the whole study cohoﬁl,' 11% dgcrease 10 45% increabes- 0.14), wh(_ereas egch
estimated survival at 1 y was 61% 4%, and estimated increase in the post-PET stage was associated with an
survival at 2 y was 37%: 5%. estimated average 46% increase in the rate of death (95%

Estimated survival rates by the pre- and post-PET stages Gle 10%-94%P = 0.0035). . i
illustrated in Figures 1 and 2. Prognostic stratification by PET After the PET results became available, only 109 patients
was particularly evident in the first 12 mo after the PET scak{1%) were considered by the referring clinician to have dis-
The unifactor analysis shows that the post-PET stage wa§3s€ Suitable for curative treatment, whereas 44 (29%) were
considerably stronger prognostic factor than the pre-PET st&g@sidered to have disease suitable for only palliative treat-
(Table 2). Within the broad stage groups, each increase in fRENt. The treatment intent after PET was highly predictive of
pre-PET stage was associated with an estimated averageSivival, with the death rate for the palliative group being an
crease of 29% in the rate of death (95% ClI, 3% 6F%: estimated 2.6 times that of the curative groé<( 0.0001)
0.013), whereas each increase in the post-PET stage was(Bable 3). Excess deaths occurred in the group receiving pal-
sociated with an estimated 69% average increase in the ratéafve care, starting early after the PET scan (Fig. 3).
death (95% ClI, 34%—-1149%, < 0.0001). A potentially more powerful comparison of the prognos-

The superior prognostic stratification by PET was coric significance of PET was obtained by excluding the 14
firmed by the multifactor analysis looking at the joint sigpatients for whom the treatment plan was not changed
nificance of the pre- and post-PET stages. Each incremengligspite being inconsistent with the PET stage and by cen-
pre-PET stage increased the death rate by an estimasedng the survival durations for the 8 patients who died
average of 6%, compared with an estimated average 68%hout disease progression. An even more striking differ-
increase in death rate for each increment in post-PET stagece in survival duration was found between the post-PET
After adjustment for the post-PET stage, the pre-PET stagalliative patients and the curative patients (estimated haz-
was not significantly associated with survivel € 0.64), ard ratio, 4.11P < 0.0001) (Fig. 4).
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FIGURE 1. As expected, clinical stage as assessed by conventional staging techniques, primarily including dynamic contrast CT
and bone scintigraphy, was significantly associated with survival in the 153 patients evaluated.
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FIGURE 2. Assessment of survival by post-PET clinical stage, which incorporated FDG PET information, led to markedly stronger
prognostic stratification than observed with conventional staging techniques. Early separation of each clinical stage suggests more
accurate definition of disease burden.

DISCUSSION downstaging in 10% of patients and delivery of potentially

Like previous studies1d), this study showed that PETCUrative therapy. In addition to these changes in treatment
findings result in a change in stage in a substantial propditent, changes in treatment modality or in delivery of a
tion of patients. Stage migration occurred across all cofhosen treatment occurred as a result of a change in the
ventional stage groupings. By detecting more extensi@gsessment of disease extent, including cases in which PET
disease than was clinically suspected, the PET findings ldigl not alter the stage classification. These data confirm and
to a change in broad stage grouping in 33% of patients aggpand our findings from an earlier prospective tried)(

a change from curative to palliative treatment in 22% of Overall, PET altered management in 61% of patients. Our
patients (Fig. 5). By suggesting the presence of false-pofiirdings extend the evidence that PET findings affect clin-
tive structural imaging results, the PET findings alloweital decision making in surgical candidates, 4,8) to a

TABLE 2
Unifactor Analysis of Overall Survival
No. of Hazard

Time of staging Stage patients ratio 95% Cl P
Before PET | 45 1.00

Il 20 1.52 0.72-3.18

M 80 2.32 1.32-4.06

v 8 1.08 0.36-3.21 0.016

Per stage 1.29 1.03-1.61 0.013*
After PET I 33 1.00

I 17 3.32 1.26-8.73

I 73 4.60 2.06-10.3

\Y 30 5.89 2.46-14.1 <0.0001

Per stage 1.69 1.34-2.14 <0.0001*

*Test for trend.
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TABLE 3 included many patients unsuitable for surgery, pathologic
Association Between Post-PET Treatment Intent validation was not available for the majority of the cohort.
and Survival Rather, we relied on clinical follow-up and survival data to
Post-PET No. of Hazard P assess the validity of PET findings and the appropriateness
intent patients ratio 95% Cl (1-sided) of management changes.
Curative 09 T 00 . Becau;e along sequence of events intervenes bereen a
Palliative 44 260 165-410  <0.0001 diagnostic test and a clinical outcome, documentation of

changes in outcome is often difficult even with accurate
tests. Despite this potential limitation, our findings still

strongly suggest that PET results are highly predictive of

broader spectrum of lung cancer patients typical ofatertia%rviv | wher nventional stacing offers onlv modest
oncology facility providing radiation oncology services®> a ereas conventional staging ofiers only moges

This information is important because only a minority Oprognostic stratification. This stratification (Figs. 2—4) by

patients with newly diagnosed NSLC are suitable for suEET was Clearly evident star.tmg. early in the follow-up
gery. A recently published survey relating to the treatmeHFr'Od' 3“9983“”9 tha_‘t _the d|f_fer|ng _surV|vaI reflects the
of lung cancer within the population served by our facilitxﬁffect of correctly identifying patients with a poor prognosis
found that surgery was performed on only 30% of a as_ed on the _extent of their dlse_ase_rather than the e_ffect of
patients with newly diagnosed non—small cell lung cancetSSigning patients to a less efficacious therapy. This sug-
whereas slightly more than 50% received radiotherapy 88Stion is consistent with the analysis adjusting for treat-
part of their treatment (16). ment given, in which the post-PET stage was still a highly

Previous studies have generally used pathologic stagigignificant prognostic factor. Because long-term survival
as the gold standard to validate CT and PET findings. #epends not only on the accuracy of staging but also on the
recent metaanalysis supported the superior accuracy edfectiveness of available therapies, the convergence of
PET, in comparison with CT, for preoperative staging dsurvival curves over time for patients in whom PET showed
mediastinal nodal statu4T), and a recent prospective studynore advanced disease (Fig. 2) may well reflect the limita-
found unrecognized systemic metastases in 11% of patietis of currently available therapies rather than the failure
who were determined, by conventional staging, to hawd# imaging to correctly determine disease stage and, there-
resectable diseasd§). However, because our populatioriore, long-term prognosis.
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FIGURE 3. After PET, only 109 patients received curative treatment whereas 44 received palliative radiotherapy. These 44
included 34 whose treatment was changed from curative after PET showed more extensive disease than expected. Marked
difference in survival was noted between these groups.
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FIGURE 4. Of 109 patients who received curative treatment, 14 had PET findings suggesting that palliative treatment ought to
have been given. Giving curative rather than palliative treatment to this group may have adversely affected its survival. Excluding
these patients from analysis showed even more dramatic difference in survival between curative and palliative groups.

Our clinical follow-up and survival data suggest thamanagement in consultation with radiologic experts on lung
management changes influenced by PET findings were usancer diagnosis and staging. This is consistent with usual
ally appropriate. Patients who received palliative treatmedlinical practice at a tertiary oncology facility.
based on PET findings had an excess early mortality con-This study could not evaluate the true accuracy of PET
sistent with a higher disease burden and were spared #rl conventional staging because not all discordant re-
toxicity of what would likely have been futile aggressivesults were verified through biopsy. Accordingly, some of
treatment. The benefit from modifying radiation treatmernhe results of mediastinal staging may have been falsely
volumes to incorporate areas found to be abnormal by Plpositive because of granulomatous disease. However, in
but not by CT cannot be independently assessed by thi® population served by our PET facility, the incidence
study, but intuitively, failure to treat active sites of diseasef tuberculosis is low and histoplasmosis is not endemic.
ought to be detrimental. The poor outcome of patients withnalysis of our surgical patients has yielded a false-
untreated abnormalities found by PET but not verified byositive rate of<5% (R. Hicks, unpublished data, 2000)
other techniques suggests that the positive predictive valiee mediastinal lymph node involvement. False-positive
of PET is probably sufficient to justify management changessults outside the thorax appear to be even less common.
without resorting to pathologic confirmation in all instancedNevertheless, no patient was denied potentially curative
Further, on the basis of Bayesian principles, the likelihoaglrgery purely on the basis of PET findings. In patients
that additional PET-detected abnormalities are true-positivhose disease had already been deemed inoperable be-
would be expected to increase in concert with increasimguse of the CT findings, or who could not undergo
extent of locoregional diseas)( surgery because of coexistent disease, surgical staging

This study did not provide information on the indepenpurely to determine the accuracy of PET before radio-
dent role of PET compared with conventional staging, béierapy was deemed inappropriate. In patients for whom
cause the PET results were interpreted along with othi#tre PET treatment volume was increased to incorporate
clinical information and not in a masked manner. RathePET-positive but CT-negative disease, treatment is likely
the study looked at the incremental diagnostic informatidio have altered the natural history of these sites. The
provided by PET and its impact on patient management snbgroup of patients for whom PET findings were ig-
routine clinical practice. Although the conventional stagingored because they could not be independently confirmed
methods, including CT, were not standardized, their resulty imaging or biopsy provided the greatest insight on the
had been judged adequate to guide specialists in lung can@dative accuracies of PET and conventional staging. In
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trolled trials to diagnostic procedures has also recently been

T ANT
questioned (19). Nevertheless, preliminary data on such a
trial in surgical patients show a reduction in unnecessary
thoracotomies (20).

RIGHT BNFLEFT

CONCLUSION

These data suggest that, when added to conventional
staging techniques, PET provides incremental staging infor-
. mation that more accurately stratifies prognostic risk and
L 7 RS 296 2% highly influences treatment delivery. By allowing patients
with a poor prognosis to be converted from futile curative
therapy, PET spares them unwarranted morbidity and spares
the community the costs associated with such treatment.
The role of PET scanning is not limited to surgical candi-
LEFT dates but provides useful information also for patients
scheduled for radiotherapy.
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