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The aim of the current study was to investigate the prognostic value of SUV__

stage (stage I & IT) NSCLC.

. in patients with completely resected early

A retrospective review identified 76 patients with surgically resected early (stage I and II) NSCLC who received F-18 FDG
PET/CT at diagnosis of cancer. Survival analysis was conducted using Kaplan-Meier analysis, and survival curves stratified

by age, sex, mediastinal lymph node involvement, SUV,__,

and TNM staging were generated for estimation of overall sur-

vival and disease free survival (DFS). Independent predictive factors for survival were determined using Cox proportional

hazard model.

For overall survival, the median survival of the patients with tumor SUV__ <6.7 was 48.9 months and was significantly
longer than the patients with tumor SUV__ >6.7 (Log rank test, X?=18.01, p<0.0001). The overall DES was better in patients
with tumor SUV,_ <5.9 than the patients with tumor SUV __>5.9. The median survival of the patients with tumor SUV__<5.9

was 31.7 months (Log rank test, X*=16, p=0.0001).

In conclusion, high FDG uptake measured by F-18 FDG PET/CT might have a prognostic value for overall survival and
DFS in surgically resected early stage (stage I & II) NSCLC even after stratified by pathologic stages.
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Lung cancer is leading cause of cancer-related death in the
United States. In the United States, approximately 215,020 new
cases of lung cancer are diagnosed each year; the estimated
deaths were 161,840 in 2008 [1].

Traditionally, early stage non-small cell lung cancer
(NSCLC) is managed with surgical resection. In contrast
to locally advanced and metastatic NSCLC, the prognosis
following resection for early stage disease is favorable. In
a number of reports, 5 year survival rates for patients with
stage I disease range 60~75 %, while for stage II disease
five-year survival rates vary from 36~60 % [2-6]. However,
the recurrence rate after curative resection still remains
high and approximately half of the patients may relapse and
die within 5 years, and majority of these relapses are due to
distant metastasis and occur within 2 years after complete
resection [7, 8].

Fluorine-18 fluorodeoxyglucose positron emission tom-
ography (F-18 FDG PET) has been established as a standard
imaging technique in staging, treatment monitoring, predic-
tion of survival after treatment, and follow-up of NSCLC
patients [9-15]. Maximal standardized uptake value (SUV_ )
measured by F-18 FDG PET is a semiquantitative index reflect-
ing tumor metabolism and activities.

Several previous studies suggested the prognostic role of
F-18 FDG PET in patients with early stage NSCLC after com-
plete resection [16-20]. Although different threshold SUV
values were proposed, high FDG uptake is associated with
reduced overall survival and disease-free survival of patients
with completely resected early stage NSCLC.

In the current study, we investigated the prognostic value of
SUV__ measured by preoperative F-18 FDG PET in patients
with completely resected early stage (stage I & II) NSCLC.
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Materials and methods

Patient eligibility. Retrospectively, we reviewed lung cancer
registry at our institution and identified early stage NSCLC
(stage I and IT) based on histologic examinations of resected
specimens between 2005 and 2009. Patients were excluded
from the current study if they had received neoadjuvant or
adjuvant chemotherapy or radiation treatment, had any
previous lung cancer, multiple primary cancer. Seventy six
patients met these inclusion and exclusion criteria. All 76 pa-
tients underwent preoperative F-18 FDG PET/CT, computed
tomography (CT), brain magnetic resonance imaging (MRI),
and bone scan. This study was approved by our institutional
review board and written informed consent was obtained
from each patient.

Clinical follow-up and End point assessment. During the
follow-up, complete physical examination, chest CT, routine
laboratory test were performed every 6 months. Recurrence
was defined as any appearing of new cancer focus in a disease-
free patient. The time interval between the surgery and cancer
recurrence were determined. The duration of disease-free
survival (DFS) was calculated as the time interval between the
surgery date and date of the cancer recurrence, death without
evidence of recurrence, or the last clinical contact. The follow-
up was completed by 30, April 2010.

F-18 FDG PET/CT. F-18 FDG PET/CT image was done
with a dedicated PET/CT scanner (Gemini, Philips, Milpitas,
CA, USA), consisting of a dedicated germanium oxyorthosili-
cate full-ring PET scanner and a dual slice helical CT scanner.
Standard patient preparation included at least 8 hours fast-

Table 1. Clinico-pathological characteristics of the study population.

Variables Number of patients %
Sex (Male/Female) 48/28
Mean age 64.2 years (26
Pathology Adenocarcinoma 36 474
SCC 24 31.6
Others 16 21
T stage Tla 18 23.7
T1b 15 19.7
T2a 31 40.8
T2b 5 6.6
T3 7 9.2
N stage NO 60 78.9
N1 16 21.1
Stage Ia 30 395
Ib 20 26.3
IIa 18 23.7
IIb 8 10.5
Operation Segmentectomy 5 6.6
Lobectomy 65 85.5
Bilobectomy 2 2.6
Pneumonectomy 4 5.3

ing and a serum glucose level of less than 120 mg/dL before
F-18 FDG administration (mean dose, 383.7+47.4 MBg;
range, 314.5~488.4 MBq). PET/CT imaging was performed
60 minutes after injection of F-18 FDG. At 60 minutes after
administration of F-18 FDG, low-dose CT (30 mAs, 120kV)
covering area from the base of the skull to the proximal thighs
was performed for the purpose of attenuation correction and
precise anatomical localization. Thereafter, emission scan
was conducted in the 3-dimensional mode. Emission scan
time per bed position was 3 minutes; 9 bed positions were
acquired. To calculate maximal standardized uptake values
(SUV_ ), manually defined circular regions of interest (ROI)
were drawn on the attenuation corrected emission images
throughout axial planes in which a suspicious lesion could
be delineated.

Statistical analysis. All numerical data was expressed as
mean+SD. Survival analysis was conducted using Kaplan-
Meier analysis, and survival curves stratified by age, sex,
mediastinal lymph node involvement, SUV_ , and TNM
staging were generated. Log rank test was used to compare the
survival between each group. Overall survival was measured
from the date of surgery to the date of death or most recent
follow-up. Also, disease free survival (DFS) was measured from
the time of surgery to the date of first recurrence of NSCLC.
Independent predictive factors for survival were determined
using Cox proportional hazard model. Receiver operating
characteristic curve (ROC) analysis was performed for the
prediction of survival after treatment using quantitative indi-
ces of F-18 FDG PET/CT. Data analyses were conducted with
MedCalc. Statistical significance was defined as P<0.05.

Results

Patient characteristics and follow-up. The characteris-
tics of the patients are given in Table 1. Forty-eight patients
were male (63.2%) The mean age at the time of diagnosis was
64.2 years (range, 26~81 years). Thirty-six patients had ad-
enocarcinoma and 24 patients had squamous cell carcinoma.
The median follow-up time was overall 30.8 month (range,
0.9~59.1 month), for surviving patients 31.3 month (range,
3.2~59.1 month), and for deceased patients 15.3 month (range,
0.9~48.9 month).

Exploringa cutoff point of the SUV__-The optimal cutoff
values of SUV,_for estimation of death and cancer recurrence
was calculated. For overall survival, SUV__ >6.7 was chosen
(area under curve (AUC), 0.890; standard error, 0.0489; 95%
confidence interval (CI), 0.798~0.951; p=0.0001). For disease
free survival, SUV__ >5.9 was chosen (AUC, 0.775, standard
error, 0.0592; 95% CI, 0.665~0.863, p=0.0001).

Overall survival. Figure 1 demonstrates the Kaplan-Meier
survival curves of the two groups of patients with SUV__ >6.7
or SUV__ <6.7. Six patients (27.3%) with a tumor SUV__ >6.7
and none of patients with tumor SUV_ <6.7 died during
follow-up period. The median survival of the patients with
tumor SUV__ <6.7 was 48.9 months and was significantly
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Figure 1. Kaplan-Meier overall survival curve of entire study cohort.

greater than the patients with tumor SUV__ >6.7 (Log rank
test, X?=18.01, p<0.0001).

Subgroup analysis was performed according to the
pathologic stage of the patients. For stage I patients (n=50),
the survival was significantly better in patients with tumor
SUV__ <6.7 than the patients with tumor SUV__ >6.7 as shown
in Figure 2A (Log rank test, X>=10.6, p=0.0011). For stage II
patients (n=26), the survival was also significantly better in
patients with tumor SUV__ <6.7 than the patients with tumor
SUV__>6.7 (median survival, 48.9 month) as shown in Figure
2B (Log rank test, X*>=5.13, p=0.0234).

Disease free survival. During the follow up, the recur-
rence was found in 5 patients (6.6%) in group with tumor
SUV_ <5.9 and in 17 patients (22.4%) in group with tumor
SUV_ >5.9.As shown in figure 3, the overall DFS was better
in patients with tumor SUV__ <5.9 than the patients with
tumor SUV__ >5.9. The median survival of the patients with
tumor SUV__ <5.9 was 31.7 months (Log rank test, X*=16,
p=0.0001).

For stage I patients (n=50), the survival was significantly
better in patients with tumor SUV,__<5.9 than the patients
with tumor SUV__ >5.9 (median survival, 34 month) as shown
in Figure 4A (Log rank test, X*=6.99, p=0.0082). For stage II
patients (n=26), the survival was also significantly better in
patients with tumor SUV__ <6.7 than the patients with tumor
SUV__>6.7 (median survival, 16.5 month) as shown in Figure
4B (Log rank test, X*=4.09, p=0.0431).

Prediction of overall survival and DFS. Table 2 shows
the univariate and multivariate analyses for the prediction of
overall survival and DFS of the entire cohort. Cox propor-
tional hazard regression analysis reveals that the SUV__was
the potent predictor of overall survival. In order to define the
prognostic factors for DFS, multivariate survival analysis was
performed using Cox proportional hazard model. As shown
in Table 2, the potent predictor of DFS was also SUV_ .

100

SV <67

95 =

©
=3
T

Log rank test
p=0.0011

o
a
T

Survival probability {%)

80 =

. SUVmax >6.7

0 10 20 30 40 50 60
Month

o
=]

E—nr-’--'-i-r----r--" | | | 'SU\I/maX S IGJI

©
=3
T

©
S
T

Log rank test
p=0.0234

-
=}
T

Survival probability {%)
a o
S =1
1 1

&
=3
T

w
8
T
w
[
=
=
oo
b
/

_Oﬁ
-~

|

Y ul . ] A 1 ; ] . ] . ] " ]
0 10 20 30 40 50 60
(B)

Month

Figure 2. Kaplan-Meier overall survival curve of subgroup analysis strati-
fied by pathologic stages (A; stage I, B; stage II).

Discussion

The current study revealed that F-18 FDG PET/CT could
predict tumor recurrence and survival in surgically resected
early stage (stage I & II) NSCLC. Also, F-18 FDG PET/CT
could predict prognosis of early stage NSCLC even stratified
by pathologic stages. Among various variables, the SUV__
of primary tumor was the most potent predictor of overall
survival and DFS in the early stage NSCLC patients.

A recent systematic review identified 9 studies that exam-
ined FDG uptake and prognosis in patients with surgically
treated stage I NSCLC [21]. Although significant heteroge-
neity existed across 9 studies included in their review, they
found substantial evidence that the degree of FDG uptake in
the primary tumor is associated with prognosis in surgically
resected stage I NSCLC [21].
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Figure 3. DFS analysis of entire cohort

On the contrary to the current study, the majority of previ-
ous studies regarding the prognostic role of F-18 FDG PET
in early stage NSCLC recruited stage I patients for reasons
of study homogeneity [17-19, 21, 22]. Most of these studies
evaluated SUV__ in primary tumor before treatment and they
founded that FDG uptake in primary tumor could predict
overall survival and tumor recurrence with different thresh-
oldsof SUV__ .

Interestingly, a recent study conducted the prognostic role
of F-18 FDG PET in homogenous stage I adenocarcinoma
patients concluded that patients with higher preoperative
SUV__ values have significantly higher recurrence rates [19].
They insisted that even in stage I adenocarcinoma patients,
mass sizeand SUV__ are related to higher rates of recurrence,
and thus, these patients require more attentive observation
after curative resection [19]. The great strength of their study
is that, to control for potential bias due to stage and histology,

Table 2. Overall survival and Disease free survival analyses.
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Figure 4. Comparison of Kaplan-Meier DFS curve of pathologic stage I and

II (A; stage I, B; stage II).

Overall survival

DFS

UA Multivariate analysis UA Multivariate analysis

p value HR 95% CI p value p value HR 95% CI p value
Age (>65) 0.8938 0.64 0.08~4.70 0.6404 0.1511 0.45 0.17~1.18 0.1087
Sex (male) 0.3871 0.80 0.05~12.8 0.8784 0.1534 0.57 0.18~1.80 0.3421
Size (>2cm) 0.6119 0.70 0.08~5.87 0.7454 0.7261 1.87 0.60~5.81 0.2756
LN (+) 0.0082 - - - 0.1511 0.31 0.07~1.39 0.1309
Stage 0.0918 - - - 0.0184 3.09 0.87~10.9 0.0805
SUv,_ (>5.9) - - - - 0.0001 1.23 1.06~1.44 0.0064
SUV__ (>6.7) <0.0001 1.48 1.09~2.02 0.0118 - - - -

CI; Confidence interval
HR; Hazard ratio
UA; Univariate analysis
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the subjects were confined the pathologically proven stage
I adenocarcinoma.

Similar to the current study, Hanin et al [16] studied the
prognostic value of PET FDG in patients with completely
resected 96 NSCLC patients with stage I & II. They found
that high FDG uptake (SUV__ >7.8) is associated with re-
duced overall survival and DFS of patients with completely
resected stage [-II NSCLC. Subgroup analyses according to the
pathologic stages of their study cohort found that F-18 FDG
PET could predict overall survival and DFS in patients with
stage I but not in stage II NSCLC, which is different finding
compared to the current study.

According to another interesting study by Dooms et al [20],
SUV__ and partial volume corrected SUV__ (PVC SUV_ )
were associated with an increased risk of death in univariate
analysis. However, after correcting for stage, tumor size, and
age in multivariate analysis, only PVC SUV_was the potent
predictor of the survival in their study. In their study, why
the PVC SUV__ was potent predictor of prognosis could be
explained by hlgh Ki-67 and high CAIX length density by
multivariate logistic regression analysis.

However, a recent study reported limited prognostic value
of SUV_ in early stage (stage I & IT) NSCLC [23]. They found
that each doubling of SUV__ as determined by preopera-
tive PET is associated with a 1.28-fold increase in hazard of
death in early-stage (I & II) NSCLC. However, they noted
that preoperative SUV__is not an independent predictor of
overall survival. Similar disappointing result was also noted
in advanced NSCLC. Why the SUVmax of the primary tumor
could not be prognostic factor may be explained by various
factors such as dichotomized age, absence of multivariate
analysis, excluding age factor and tumor size in multivariate
analysis, and small size of the primary tumor [23]. However, in
the current, after considering of all these confounding factors,
the SUV__ was the most potent predictor of overall survival
and DFS in surgically resected early stage NSCLC even after
stratified by pathologic stages.

A number of previous studies have tried to set optimal SU-
V_ cut-off values to predict patient's prognosis in early stage
NSCLC with different values of SUV_ [16~22]. In the cur-
rent study, the optimal cut-off values of SUV___for prediction
of overall were 6.7 and 5.9 for DFS. Previous several studies
set the same SUVmax for estimation of overall survival and
DFS [16~22]. The only one value of SUV__ might not suit-
able for prediction of different nature of overall survival and
DSEF done in previous studies. In the current study, we used
different values of SUV__ for prediction of overall survival
and DEFS in entire study ‘cohort and subgroups stratified by
pathologic stages. This kind of analysis could strengthen the
prognostic value of SUV__ in early stage NSCLC for estima-
tion prognosis.

Some limitations of current study should be considered.
First, the current study was the retrospective analysis of early
stage NSCLC. Second, as previously reported [23], we could
not set the tumor stage specific optimal cut-off values of

SUV__ because of relatively small population of pathologic
stage II patients.

In conclusion, high FDG uptake measured by F-18 FDG
PET/CT might have a prognostic value for overall survival and
DEFS in surgically resected early stage (stage I & II) NSCLC
even after stratified by pathologic stages.

References

[1] JEMAL A, SIEGEL R, WARD E,HAO Y, XU J, ET et al. Cancer
Statistics, 2008. CA Cancer ] Clin 2008;58:71-96. d0i:10.3322/
CA.2007.0010

[2] Martini N, BAINS MS, BURT ME, ZAKOWSKI MFE, MC-
CORMACK P, et al. Incidence and local recurrence and
second primary tumors in resected stage I lung cancer. J
Thorac Cardiovasc Surg 1995;109:120-129. d0i:10.1016/
S0022-5223(95)70427-2

[3] GOYA T, ASAMURA H, YOSHIMURA H, KATO H,
SHIMOKATA K, et al. Prognosis of 6644 resected non-
small cell lung cancers in Japan: A Japanese lung cancer
registry study. Lung Cancer 2005;50:227-234. do0i:10.1016/
j.lungcan.2005.05.021

[4] HARPOLE DH JR, HERNDON JE 2ND, YOUNG WG
JR, WOLFE WG, SABISTON DC JR. Stage I non-small
cell lung cancer: A multivariate analysis of treatment
methods and patterns of recurrence. Cancer 1995;76:787-
796. d0i:10.1002/1097-0142(19950901)76:5<787::
AID-CNCR2820760512>3.0.C0O;2-Q

[5] WILLIAMS DE, PAIROLERO PC, DAVIS CS, BERNATZ
PE, PAYNE WS, et al. Survival of patients surgically treated
for stage I lung cancer. ] Thorac Cardiovasc Surg 1981;82:70-
76.

[6] WISNIVESKY JP, HENSCHKE C, MCGINN T, IANNUZZI
MC. Prognosis of Stage II non-small cell lung cancer accord-
ing to tumor and nodal status at diagnosis. Lung Cancer 2005;
49:181-186. d0i:10.1016/j.lungcan.2005.02.010

[7] MOUNTAIN CE Revisions in the international system for
staging lung cancer. Chest 1997;111:1710-1717. d0i:10.1378/
chest.111.6.1710

[8] MOLDVAY J, SCHEID P, WILD P, NABIL K, SIAT J, et al.
Predictive survival markers in patients with surgically resected
non-small cell lung carcinoma. Clin Cancer Res 2000;6:1125-
1134.

[9] BILLE A, PELOSI E, SKANJETT A, ARENA V, ERRICO L, et
al. Preoperative intrathoracic lymph node staging in patients
with non-small-cell lung cancer: accuracy of integrated
positron emission tomography and computed tomography.
Eur J Cardiothorac Surg. 2009;36:440-445. doi:10.1016/
j.€jcts.2009.04.003

[10] HICKS RJ. Role of 18F-FDG PET in assessment of response
in non-small cell lung cancer. ] Nucl Med. 2009;50 Suppl
1:31S-428S. d0i:10.2967/jnumed.108.057216

[11] AL-SARRAFN, GATELY K, LUCEY J, AZIZR, DODDAKU-
LA K, et al. Clinical implication and prognostic significance
of standardised uptake value of primary non-small cell lung
cancer on positron emission tomography: analysis of 176
cases. Eur ] Cardiothorac Surg. 2008;34:892-897. d0i:10.1016/

j.€jcts.2008.07.023




250

Y. S. KIM, S. J. KIM, Y. K. KIM, 1. . KIM, Y. D. KIM, M. K. LEE

(18]

UNG YC, MAZIAK DE, VANDERVEEN JA, SMITH CA,
GULENCHYN K, et al. Lung Cancer Disease Site Group
of Cancer Care Ontario's Program in Evidence-Based Care:
18Fluorodeoxyglucose positron emission tomography in the
diagnosis and staging of lung cancer: a systematic review. J
Natl Cancer Inst. 2007;99:1753-1767.

DE GEUS-OEI LE, VAN DER HEIJDEN HE, CORSTENS FH,
OYEN WI. Predictive and prognostic value of FDG-PET in
nonsmall-cell lung cancer: a systematic review. ] Nucl Med.
2007;48:1592-1598.

SCHREVENS L, LORENT N, DOOMS C, VANSTEENKISTE
J. The role of PET scan in diagnosis, staging, and management
of non-small cell lung cancer. Oncologist. 2004;9:633-643.
doi:10.1634/theoncologist.9-6-633

UKENA D, HELLWIG D. Value of FDG PET in the man-
agement of NSCLC. Lung Cancer. 2004;45 Suppl 2:575-78.
doi:10.1016/j.lungcan.2004.07.989

HANIN FX, LONNEUX M, CORNET ], NOIRHOMME P,
COULON C, et al. Prognostic value of FDG uptake in early
stage non-small cell lung cancer. Eur J Cardiothorac Surg.
2008;33:819-823. doi:10.1016/j.ejcts.2008.02.005
GOODGAME B, PILLOT GA, YANG Z, SHRIKI ], MEY-
ERS BE, et al. Prognostic value of preoperative positron
emission tomography in resected stage I non-small cell
lung cancer. ] Thorac Oncol. 2008;3:130-134. d0i:10.1097/
JTO.0b013e318160c122

UM SW, KIM H, KOH WJ, SUH GY, CHUNG MP, et al.
Prognostic value of 18F-FDG uptake on positron emission
tomography in patients with pathologic stage I non-small cell

(23]

lung cancer. ] Thorac Oncol. 2009;4:1331-1336. d0i:10.1097/
JTO.0b013e3181b6be3e

KIM HR, KIM DJ, LEE WW, JHEON S, SUNG SW. The sig-
nificance of maximum standardized uptake values in patients
with stage I pulmonary adenocarcinoma. Eur J Cardiothorac
Surg. 2009;35:712-716. d0i:10.1016/j.ejcts.2008.12.030
DOOMS C, VAN BAARDWIJK A, VERBEKEN E, VAN
SUYLEN RJ, STROOBANTS §, et al. Association between
18F-fluoro-2-deoxy-D-glucose uptake values and tumor
vitality: prognostic value of positron emission tomography
in early-stage non-small cell lung cancer. J Thorac Oncol.
2009;4:822-828. d0i:10.1097/]TO.0b013e3181a97df7

NAIR VS, KRUPITSKAYA Y, GOULD MK. Positron emission
tomography 18F-fluorodeoxyglucose uptake and prognosis
in patients with surgically treated, stage I non-small cell lung
cancer: a systematic review. ] Thorac Oncol. 2009;4:1473-1479.
doi:10.1097/JT0.0b013e3181bccbc6

OHTSUKA T, NOMORI H, WATANABEK, KAJIM, NARUKE
T, et al. Prognostic significance of [18F]fluorodeoxyglucose
uptake on positron emission tomography in patients
with pathologic stage I lung adenocarcinoma. Cancer.
2006;107:2468-2473. d0i:10.1002/cncr.22268

AGARWAL M, BRAHMANDAY G, BAJAJ SK, RA-
VIKRISHNAN KP, WONG CY. Revisiting the prognostic
value of preoperative 18F-fluoro-2-deoxyglucose (18F-
FDG) positron emission tomography (PET) in early-stage
(I & II) non-small cell lung cancers (NSCLC). Eur ] Nucl
Med Mol Imaging. 2010;37:691-698. d0i:10.1007/s00259-
009-1291-x




