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Abstract

Objective: To compare the prognostic values of metabolic parameters from pretreatment PET/
CT between limited disease (LD) and extensive disease (ED) small cell lung cancer (SCLC)
patients.

Methods: Data on |18 newly diagnosed SCLC patients (50 LD and 68 ED) who underwent
pretreatment positron emission tomography—computed tomography (PET/CT) were reviewed.
For PET, metabolic parameters were measured for: (I) primary tumor, maximum standardized
uptake value (SUVmax), metabolic tumor volume, and total lesion glycolysis; and (2) all tumor
lesions, SUVmax of the hottest tumor, whole body metabolic tumor volume (WBMTYV), and
whole body total lesion glycolysis (WBTLG). Prognostic values of metabolic parameters and
other clinical variables were analyzed to predict overall survival (OS).

Results: In LD, SUVmax of the primary tumor was an independent prognostic factor for OS.
Patients with high SUVmax showed significantly worse OS than those with low SUVmax. In ED,
WBMTYV and WBTLG were independent prognostic factors for OS. Patients with high WBMTV
or WBTLG showed significantly worse OS than those with low WBMTV or WBTLG.
Conclusions: SUVmax of primary tumor was the only independent prognostic factor for OS in
LD SCLC patients. WBMTV and WBTLG were independent prognostic factors in ED SCLC
patients.
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Introduction

Small cell lung cancer (SCLC) accounts for
13% to 20% of all lung cancers, and is
characterized by rapid growth rate and
widespread metastases.” The Veterans
Administration Lung Study Group classi-
fies SCLC as a limited disease (LD) or an
extensive disease (ED) according to the
extent of disease and its spread.”

LD, diagnosed in approximately 30% of
patients, is confined to one hemithorax and
can be encompassed within a single radia-
tion port, while ED, affecting the remaining
70% of patients, extends beyond the
boundaries of a single radiation field.> In
patients with LD, the addition of thoracic
radiotherapy to chemotherapy results in a
good survival outcome or even a cure for
some patients, while chemotherapy alone is
the standard of care for SCLC patients with
ED. The prognosis of SCLC is poor, yield-
ing 2-year survival rates of 20% to 40% and
5% to 13% for LD and ED patients,
respectively.! However, little progress has
been made during the past 20 years regard-
ing the treatment of SCLC in contrast to
targeted therapy in non-small cell lung
cancer (NSCLC).

Although lactate dehydrogenase (LDH)
has been considered a useful prognostic
indicator since the late 1980s,* some inves-
tigations have reported non-significant
results regarding the prognostic value of
LDH in SCLC patients.® Therefore,
there have been attempts to identify alter-
native effective prognostic factors for
SCLC. Identifying imaging biomarkers

that can predict prognosis in SCLC would
be helpful in clinical decision and manage-
ment, and several studies have been con-
ducted to evaluate the prognostic role of
metabolic parameters from 2-deoxy-2-['*F]
fluoro-D-glucose (FDG) positron emission
tomography—computed tomography (PET/
CT).”® Although the prognostic role of
PET/CT parameters has been studied in
SCLC, inconsistent results have been
reported.”!® Moreover, because patients
with LD and ED have different survival
outcomes, it may be helpful to understand
the prognostic factors of PET/CT parame-
ters at each stage of cancer to predict out-
comes and select appropriate treatment
options. In this study, therefore, we evalu-
ated the prognostic value of metabolic
parameters from pretreatment PET/CT
scans in patients with LD and ED SCLC.

Materials and methods

Study population

This study was approved by the institution-
al review board at our medical center.
Informed consent was waived because of
the retrospective nature of the study. We
retrospectively reviewed the medical records
of 141 consecutive patients with SCLC who
underwent pretreatment staging with PET/
CT between February 2010 and December
2016. All patients were clinically assessed by
laboratory findings, chest CT, abdomen
CT, brain magnetic resonance imaging,
and PET/CT.
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Eligible patients had pathologically con-
firmed SCLC and no previous history of
other malignancy, and underwent PET/CT
before the start of initial treatment. We
excluded 23 of the 141 patients for the fol-
lowing reasons: refusal of chemotherapy
(n=19), and indiscernible FDG uptake of
primary lung cancer (n =2) and double pri-
mary malignancies (n=2). Finally, 118
patients were enrolled in the study and
were divided into LD or ED groups. LD
was defined as disease confined to one hem-
ithorax and regional or ipsilateral supracla-
vicular lymph nodes, whereas ED was
defined as disease beyond these boundaries.

'8F_FDG PET/CT

All PET/CT scans were performed on a
dedicated PET/CT scanner (Discovery
STe, General Electric Healthcare,
Milwaukee, WI, USA). All patients fasted
for at least 6 hours and blood glucose levels
were lower than 140 mg/dL before intrave-
nous administration of FDG. A dose of
approximately 5.5 MBq/kg of FDG was
intravenously administered. PET images
were acquired from the cerebellum to the
proximal thighs in 3-D mode 60 minutes
after the injection of FDG immediately
after acquiring a pre-contrast CT scan.
PET images were reconstructed by an iter-
ative reconstruction algorithm using CT
images for attenuation correction.

Image analysis

All PET/CT images were transferred to the
IntelliSpace Portal 9.0 (Philips Healthcare,
Cleveland, OH, USA) and were reviewed by
two board-certified nuclear medicine physi-
cians (JKO and EKC) who were blinded to
the patients’ survival information. If there
was any discrepancy between the readers, it
was resolved by consensus. Quantitative
analysis was performed of two spherical
volumes of interest (VOI) in primary

tumors and metastatic tumors in the entire
body. For primary tumors, a spherical VOI
was drawn by the nuclear medicine physi-
cians. In vivo assessment of glucose metab-
olism was estimated by the experienced
medical physicist (MJP) using three meta-
bolic parameters: the maximal standardized
uptake value (SUVmax), metabolic tumor
volume (MTV), and total lesion glycolysis
(TLG). Raw SUYV values and physical loca-
tions of each voxel were extracted in ASCII
format using A Medical Imaging Data
Examiner. The MTV was calculated using
a fixed SUV threshold of 3.0. TLG was cal-
culated as the volume of MTV multiplied
by the average SUV of the MTV. Primary
tumor SUVmax, primary tumor MTV
(PMTV), and primary tumor TLG
(PTLG) were also calculated. We also mea-
sured the SUVmax of the hottest tumor
lesion for both primary tumors and meta-
static tumors. To measure the metabolic
tumor burden in the entire body, whole
body MTV (WBMTYV) and whole body
TLG (WBTLG) were determined by sum-
ming the corresponding values for all tumor
lesions (primary tumor, regional metastatic
node, and all distant metastatic tumors).

Statistical analysis

The primary endpoint of this study was the
duration of overall survival (OS), which
was measured from the date of the PET/
CT scan to the date of death from any
cause, with surviving patients censored at
the time of last follow-up until December
2018. For the purposes of statistical analy-
sis, all continuous variables except age and
metabolic parameters were dichotomized
according to clinical settings. For univariate
analysis, the Cox proportional hazards
regression test was performed to assess the
prognostic value for OS using the following
factors: age, sex, smoking history, staging,
LDH, carcinoembryonic antigen, and met-
abolic parameters (SUVmax, MTV, and
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TLG) from PET/CT. The multivariate Cox
proportional hazards model was performed
with variables that were significant in uni-
variate analyses after adjusting for the
effects of sex and age. Because TLG is cal-
culated by multiplying the mean SUV and
MTYV, there was a significant correlation
between MTV and TLG so they were
assessed separately. Survival curves were
estimated using the Kaplan—Meier
method, and differences between subgroups
according to staging or the optimal cutoff
value were compared with the log-rank test.
Optimal cutoff values were determined
using  receiver-operating  characteristic
curve analysis. All statistical analysis was
performed using the statistical software
SPSS (version 20; IBM Corp., Armonk,
NY, USA), in which a P value of less
than 0.05 was considered statistically
significant.

Results

Patient characteristics

The characteristics of 118 patients and pri-
mary tumors are shown in Table 1. Fifty
(42.4%) patients were classified as LD and
68 (57.6%) as ED. In patients with LD, the
median values of primary tumor SUVmax,
PMTV, PTLG, WBMTV, and WBTLG
were 10.9 (range, 3.3-29.9), 27.8 (range,
2.4-165.1), 244.5 (range, 10.4-1229.7),
76.1 (range, 1.4-340), and 410.5 (range,
4.3-1824), respectively. In patients with
ED, the median values of primary tumor
SUVmax, PMTV, PTLG, WBMTYV, and
WBTLG were 10.8 (range, 5.1-57.3), 41.2
(range, 1.3-181.3), and 312.4 (range, 8.3—
5073.3), 157.1cm® (range, 8.61-1243cm’),
and 744.1 (range, 38.1-11040), respectively.
In LD patients, the hottest lesion was locat-
ed in the primary tumor. In ED patients,
the median SUVmax of the hottest tumor
was 11.0 (range, 5.1-57.3). In five ED
patients, the hottest tumors were located

in metastatic tumors (four in the mediasti-
num and one in bone). There was no signif-
icant difference in LDH, SUVmax of the
primary tumor and hottest tumor, PMTV,
or PTLG between patients with LD and
ED. Eleven LD patients were scheduled
for concurrent chemoradiotherapy but
received only induction chemotherapy
because of rapid disease progression or
deterioration of their general condition.
Three ED patients received only prophylac-
tic radiation therapy.

Prognostic factor analyses for overall
survival

The median duration of follow-up was 13.4
months (range, 0.6-59.8 months). During
follow-up, 81 (68.6%) of the 118 patients
died, and the median OS duration was 9.3
months. The estimated median OS times for
LD and ED patients were 11.8 months and
8.2 months, respectively.

In LD, SUVmax of primary tumor was
an independent predictor of OS. High
SUVmax was a significant prognostic
factor, with a 1.24-fold increase in the risk
of death (hazard ratio [HR], 1.24; 95% con-
fidence interval [CI], 1.06-1.45; P=0.007,
Table 2). WBMTV and WBTLG were sig-
nificant prognostic factors in univariate
analysis (HR, 1.005 and 1.0009; 95% CI
1.0009-1.01 and 1.0001-1.001; P=0.019
and 0.016, respectively), but were not signif-
icant in multivariate analysis. No other
metabolic or clinical variable were identi-
fied as a significant prognostic factor
for OS.

In ED, WBMTYV and WBTLG were sig-
nificant predictors of OS in both univariate
and multivariate analyses (HR, 1.001 and
1.0003; 95% CI, 1.001-1.003 and 1.0001—
1.0004; P=0.025 and 0.006, respectively,
Table 3). Regarding the hottest tumor,
none of the metabolic parameters were sig-
nificant predictors of OS. While LDH was
significant in univariate analysis (HR,



Choi et al. 5
Table |I. Patient characteristics (N = |18).
Characteristics Overall patients LD (n=50) ED (n=68) P
Age (years)
Median (range) 65 (47-87) 66 (52-87) 65 (47-84) 0.8658
Sex, n (%)
Male 93 (78.8%) 38 (76%) 55 (81%) 0.521
Female 25 (21.2%) 12 (24%) 13 (19%)
Smoking history
Presence 105 (89%) 46 (92%) 59 (86.8%) 0.369
Absence 13 (11%) 4 (8%) 9 (13.2%)
LDH, n (%)
<450 U/l 70 (59%) 34 (68%) 36 (53%) 0.1
>450 U/| 48 (41%) 16 (32%) 32 (47%)
*CEA, n (%)
<5 (ng/mL) 58 (50%) 30 (60%) 28 (42.4%) 0.061
>5 (ng/mL) 58 (50%) 20 (40%) 38 (57.6%)
SUVmax, primary tumor
Median (range) 10.9 (3.3-57.3) 10.9 (3.3-29.9) 10.8 (5.1-57.3) 0.777
PMTV (cm?)
Median (range) 34.9 (1.3-181.3) 27.8 (2.4-165.1) 41.2 (1.3-181.3) 0.0618
PTLG
Median (range) 277 (8.3-5073.3) 244.5 (10.4-1229.7) 312.4 (8.3-5073.3) 0.0723
SUVmax, hottest tumor
Median (range) 11.0 (5.1-57.3)
WBMTV (cm?)
Median (range) 157.1 (8.61-1243)

WBTLG
Median (range)
Treatment, n (%)
Chemotherapy only
Radiotherapy only
CCRT

76 (64.4%)
4 (3.4%)
38 (32.2%)

744.1 (38.1-11040)

I (22%) 65 (95.6%)
I (2%) 3 (4.4%)
38 (76%) 0

*Two cases had no information on CEA.
LD, limited disease; ED, extensive disease; CCRT, concurrent chemoradiotherapy; LDH, lactate dehydrogenase; CEA,

carcinoembryonic antigen; SUVmax, maximum standardized uptake value; PMTYV, primary tumor metabolic tumor volume;
PTLG, primary tumor total lesion glycolysis; WBMTY, whole body metabolic tumor volume; WBTLG, whole body total

lesion glycolysis.

1.001; 95% CI 1.0001-1.002; P=0.022), it
was not significant in multivariate analysis.

Kaplan—Meier survival analyses according
to tumor FDG uptake

For comparisons of survival, the optimal
SUVmax cutoff value in LD patients was
14; the median OS differed according to
the SUVmax cutoff value: 13.2 months

versus 8.1 months (P =0.009, Figure 1). In
ED patients, the optimal WBMTYV cutoff
value was 175cm?’; the median OS differed
according to the WBMTYV cutoff value: 9.3
months versus 5.9 months (P <0.001,
Figure 2). The optimal WBTLG cutoff
value was 1152, and the median OS differed
according to WBTLG cutoff value: 9.1
months versus 6 months (P=0.007,
Figure 3).
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Table 2. Univariate and multivariate analysis of prognostic factors for overall survival in LD patients

(n=50).

Univariate Multivariate
Variables HR (95% CI) P Adjusted HR (95% ClI) P
Age 1.006 (0.964-1.05) 0.757 1.016 (0.971-1.062) 0.482
Sex (male vs female) 0.592 (0.205-1.704) 0.332 0.924 (0.289-2.95) 0.894
Smoking history 3.314 (0.939-11.691) 0.062
LDH (<450 vs >450) 1.0 (0.998-1.003) 0.5
CEA (<5 vs >5) 0.716 (0.34-1.505) 0.378
SUVmax, primary tumor 1.177 (1.061-1.306) 0.007 1.24 (1.06—1.45) 0.007
PMTV 1.006 (0.997-1.015) 0.186
PTLG 1.0 (0.999-1.002) 0.107
WBMTV 1.005 (1.0009-1.01) 0.019 1.004 (0.999-1.01) 0.076
WBTLG 1.0009 (1.0001-1.001) 0.016 1.006 (0.999-1.001) 0.132

HR, hazard ratio; Cl, confidence interval; LD, limited disease; LDH, lactate dehydrogenase; CEA, carcinoembryonic
antigen; SUVmax, maximum standardized uptake value; PMTYV, primary tumor metabolic tumor volume; PTLG, primary
tumor total lesion glycolysis; WBMTY, whole body metabolic tumor volume; WBTLG, whole body total lesion glycolysis.

Table 3. Univariate and multivariate analysis of prognostic factors for overall survival in ED patients

(n=68).

Univariate Multivariate
Variables HR (95% Cl) P Adjusted HR (95% ClI) P
Age 1.01 (0.971-1.051) 0.608 1.019 (0.976-1.063) 0.386
Sex (male vs female) 0.778 (0.349-1.737) 0.541 0.782 (0.35-1.748) 0.55
Smoking history I.14 (0.511-2.566) 0.741
LDH (<450 vs >450) 1.001 (1.0001-1.002) 0.022 1.0 (0.99-1.002) 0.285
CEA (<5 vs >5) 1.012 (0.574-1.784) 0.965
SUVmax, hottest tumor 1.028 (0.995-1.062) 0.09
MTYV, hottest tumor 1.002 (0.997-1.008) 0.303
TLG, hottest tumor 1.0 (0.999-1.006) 0.118
WBMTV 1.002 (1.001-1.003) 0.001 1.001 (1.0001-1.003) 0.025
WBTLG 1.0003 (1.0001-0.0004) <0.001 1.0003 (1.0001-.0006) 0.006

HR, hazard ratio; Cl, confidence interval; ED, extensive disease; LDH, lactate dehydrogenase; CEA, carcinoembryonic
antigen; SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis;
WBMTY, whole body metabolic tumor volume; WBTLG, whole body total lesion glycolysis.

Discussion

Although pretreatment PET/CT has prog-
nostic value in NSCLC, prognostic stratifica-
tion of SCLC patients with PET/CT remains
controversial.'''? Additionally, because the
prognosis varies widely according to the
stage of SCLC, a more relevant question

might be which stage of SCLC would benefit
from PET/CT as a tool of prognosis stratifi-
cation. In this regard, we evaluated the
prognostic value of metabolic parameters
from PET/CT in LD and ED SCLC.

In the present study, SUVmax of the
primary tumor was a significant prognostic
factor in patients with LD, but not in
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Figure 2. Cumulative overall survival curves
according to WBMTYV in patients with extensive
disease.

patients with ED. In ED patients, WBMTV
and WBTLG were prognostic factors as
indices of whole body tumor burden,
rather than metabolic parameters of prima-
ry tumors. This study also revealed that the
prognosis factors for OS in LD patients
differed from those in ED patients. This
suggests that biological aggressiveness of
the primary tumor is important for progno-
sis in LD, whereas the extent of whole body
tumor burden is associated with prognosis
in ED.

Several studies that have explored meta-
bolic parameters of PET/CT as prognostic
factors in SCLC have combined LD and
ED for analysis instead of analyzing them
separately.®'> However, because LD and

00
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Figure 3. Cumulative overall survival curves
according to WBTLG in patients with extensive
disease.

ED are considered to have different charac-
teristics and prognosis, there might be a
problem of either one of the groups affect-
ing overall results if they are combined for
analysis. Indeed, a previous study
showed that the results were different
when comparing the prognostic value of
SUVmax for primary tumors in the com-
bined analysis versus the separate analysis
of LD and ED."*

In a study that investigated metabolic
parameters in 150 patients with LD, the
highest SUVmax was identified as the only
significant prognostic factor for OS.'?
Moreover, volumetric parameters such as
WBMTYV and WBTLG were shown to be
significant prognostic factors in univariate
analysis, but not in multivariate analysis.
Our results for LD were in accordance
with this. In this previous study, highest
SUVmax was measured in primary or met-
astatic tumors. Although SUVmax was also
measured for all primary and metastatic
tumors in our study, the hottest lesion was
always found in the primary tumor.

In patients with LD, concurrent chemo-
radiotherapy is an attractive treatment
modality that enhances the effects of local
radiotherapy, leading to better tumor con-
trol and improved survival.'® It is likely that
employing PET/CT scans in radiotherapy
planning  will  help selective nodal
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irradiation and more accurate gross tumor
volume delineation to reduce treatment-
related  toxicity.!” Moreover, because
SCLC with aggressive features and rapid
tumor growth has a high FDG uptake,
the efficacy of higher dose radiation might
be more prominent in SCLC with higher
FDG uptake. Therefore, information on
geographic distribution of FDG uptake
could be useful in radiation planning.
Further studies are needed to explore the
clinical role of primary tumor SUVmax in
radiotherapy planning in LD.

Serum LDH level is an important prog-
nostic factor in predicting the response to
chemotherapy and survival in SCLC
patients,'® and to reflect tumor burden in
solid tumors including SCLC." In this
study, a high level of LDH was significant
for OS in the univariate analysis of ED, but
not in multivariate analysis. Only WBMTV
and WBTLG were significant prognostic
factors in ED regardless of age, sex, and
serum LDH levels. Therefore, WBMTYV or
WBTLG are assumed to represent the
whole body tumor burden better than
serum LDH levels.

Several researchers have attempted to
evaluate whether volumetric metabolic
parameters such as MTV and TLG have
predictive values in newly diagnosed
SCLC patients.”® For example, Oh et al.
investigated the prognostic value of whole
body tumor burden on PET/CT in LD and
ED groups of SCLC patients, and reported
that WBMTYV was a better predictor of sur-
vival than SUVmax of the hottest tumor.’
However, in our study, WBMTYV only had
a prognostic value for OS in the ED group,
and the MTV and TLG of the primary
tumor or whole body tumor were not
associated with OS in LD patients. We pro-
pose that biological aggressiveness of the
primary tumor is associated with prognosis
in LD, and that the extent of whole
body tumor burden might affect prognosis
in ED.

There are several limitations in this
study. First, because of the retrospective
nature of the study design, selection bias
may have been introduced. Second, there
was no standardization in measuring
MTV and TLG. Although some studies
have used an absolute value of threshold
SUV or 50% of SUVmax for segmentation
of the target lesion,”®! no definite thresh-
old for MTV and TLG measurement has
been established. However, an SUV value
of 3.0 is generally accepted as a cutoff
threshold value to measure MTV and
TLG for differentiating between malignant
and benign lesions in various malignancies.’

Conclusion

In patients with LD, SUVmax of the prima-
ry tumor was the only significant prognostic
factor for OS. In patients with ED,
WBMTV and WBTLG were significant
independent prognostic factors for OS.
LD and ED groups of SCLC had different
prognostic factors from PET/CT.
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