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Abstract

Purpose We investigated whether the whole-body metabolic
tumour volume (WBMTV) measured by '*F-fluorodeoxyglu-
cose (FDG) positron emission tomography/computed tomog-
raphy (PET/CT) can improve the prediction of prognosis in
patients with small cell lung cancer (SCLC).

Methods We reviewed 106 consecutive patients (mean age
67 years, range 42—89 years, limited stage 45 patients,
extensive stage 61 patients) with pathologically proven
SCLC who underwent pretreatment FDG PET/CT.
WBMTV and maximum standardized uptake value
(SUV 1ax) were measured in all malignant lesions. The Cox
proportional hazards model was used with age, sex, perfor-
mance status, lactate dehydrogenase (LDH), treatment, stage,
SUVax and WBMTYV to predict overall survival (OS) and
progression-free survival (PFS). Subgroup analysis was per-
formed using WBMTYV combined with conventional staging
and tumour node metastasis (TNM) staging.

Results The uni- and multivariate analyses showed that both
stage and WBMTV were independent prognostic factors for
death and progression. Patients with high WBMTV were
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associated with poor prognosis compared with patients with
low WBMTYV [hazard ratio = 2.11 (95% confidence interval
1.31-3.39) for death (»p=0.002) and 1.80 (95% confidence
interval 1.16-2.80) for progression (p=0.009)]. Incorporation
of conventional staging and WBMTV could classify four
subgroups with different prognoses (log-rank test, p<0.001).
Incorporation of TNM staging and WBMTYV could classify six
subgroups with different prognoses (log-rank test, p<0.001).
Conclusion WBMTYV is an independent predictor for pro-
gression and death in patients with SCLC. Incorporation of
WBMTV with TNM staging can provide a more detailed
prediction of prognosis than WBMTV with conventional
staging as well as tumour staging alone.

Keywords Whole-body metabolic tumour volume -
'F_FDG - PET/CT - Prognosis - Small cell lung cancer

Introduction

Small cell lung cancer (SCLC), accounting for 15-20% of
all new cases of lung cancer, is a rapidly disseminating
tumour with poor prognosis. Patients with SCLC are staged
according to a two-stage system, which was developed by
the Veterans Administration Lung Cancer Study Group, as
having limited disease (LD) and extensive disease (ED) [1].
LD is defined as disease confined to one hemithorax, which
can be encompassed in a tolerable radiation field, whereas
ED is defined as disease extending outside the thorax or the
existence of malignant pleural effusion [1, 2]. Although
suitability for concurrent radiation therapy is a strong prog-
nostic indicator for SCLC, it gives limited prognostic infor-
mation for some patients. According to the International
Association for the Study of Lung Cancer (IASLC) which
analysed more than 12,000 patients with SCLC, including
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349 cases treated by surgery [2], the tumour node metastasis
(TNM) staging system seems to be of relevance for SCLC,
and thus it became the standard for all cases of SCLC, which
prompted the use of LD and ED staging to be discouraged in
the future.

Positron emission tomography/computed tomography
(PET/CT) using 2-deoxy-2-['*F]fluoro-p-glucose (FDG)
has already been successfully applied in oncological prac-
tice. Most FDG PET/CT studies in SCLC have been focused
on its usefulness in accurate staging and impact on the
management of SCLC [3-7]. Metabolic tumour volume
(MTV), defined as the volume of tumour tissues with in-
creased FDG uptake, is a recently investigated index in FDG
PET/CT. Because it represents the extent of FDG uptake by
tumour tissues beyond the intensity of FDG uptake, it has
been suggested as an independent prognostic indicator of
clinical outcomes in certain cancers [8—10]. Several very
recent studies have validated the use of whole-body MTV
(WBMTV), which represents systemic tumour burden
encompassing the primary tumour, regional lymph node
and all distant metastases, as an independent prognostic
marker [11, 12]. Zhu et al. demonstrated that MTV mea-
sured in the whole body can identify subgroups of patients
at a high risk of progression or death in both LD and ED
SCLC [11]. However, no report has validated the prognostic
value of WBMTYV combined with conventional and TNM
staging in patients with SCLC so far.

Therefore, we aimed to investigate whether the WBMTV
incorporated with conventional and TNM staging can improve
the prediction of prognosis in patients with SCLC.

Materials and methods
Patients

From January 2004 to December 2010, consecutive patients
with pathologically proven SCLC who underwent pretreat-
ment FDG PET/CT were enrolled. Routine staging included
history and physical examination, complete blood cell
counts and chemistry panel, CT of chest and upper abdo-
men, brain MRI and FDG PET/CT. Patients with disease
confined to one hemithorax and with contralateral hilar and
ipsilateral supraclavicular lymph node involvements were
defined as LD [3]. Patients with contralateral supraclavicu-
lar involvement were also defined as LD only if it was
encompassed in a tolerable radiation field [13, 14]. TNM
classification of each patient for non-small cell lung cancer
(NSCLC) based on the 7th edition of the American Joint
Committee on Cancer (AJCC) Staging Manual was also
recorded [15]. All staging workups were completed before
initiation of therapy. Patients with LD were treated with
combined concurrent chemoradiotherapy and patients with
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ED were treated with chemotherapy only. The chemothera-
py regimen consisted of platinum (cisplatin or carboplatin)
with either etoposide or irinotecan administered every
3 weeks for six cycles. Chest irradiation was initiated on
day 1 of the second cycle of chemotherapy with 1.8-2.0 Gy
daily in 30 fractions. Patients showing complete remission
after initial therapy received prophylactic cranial irradiation
which consisted of 25 Gy in 10 fractions. The standard
response evaluation consisted of chest X-ray prior to each
cycle and CT scan every two cycles of chemotherapy.
Follow-up FDG PET scan was performed 3 weeks after
the last cycle of chemotherapy and when disease progres-
sion or recurrence was suspected by standard examinations.
All patients were followed up for at least 9 months after
diagnosis or until death. The local Ethics Committee ap-
proved the study and all enrolled patients gave written
informed consent for PET/CT study.

Imaging acquisitions

PET/CT studies were performed using combined PET/CT
scanners (Discovery ST System, GE Medical Systems,
Milwaukee, WI, USA). All patients fasted for at least 6 h
prior to the intravenous administration of FDG. Their blood
glucose levels were measured before the injection of FDG;
if the level was over 8.3 mmol/l, then PET/CT was deferred.
No oral or intravenous contrast material was administered.
Image acquisitions for torso scanning were started at
approximately 1 h after the injection of 7.4 MBq FDG per
kilogram of body weight. CT images were acquired from the
skull base to the upper thigh using parameters with a peak
voltage of 120 kV, a tube current of automated from 10 to
130 mA, a rotation time of 0.7 s, a field of view (FOV) of
50 cm, a scan length of 40-50 s and a slice thickness of
3.75 mm. Immediately following the CT acquisition, the
PET data were acquired in the same anatomical locations with
15.7 cm axial FOV acquired in 2-D mode with 150 s/bed
position. The CT data were used for attenuation correction
and the images were reconstructed using a conventional
iterative ordered subsets expectation maximization (OSEM)
algorithm.

Image analysis

Image display and analysis was performed using an Advan-
tage Workstation 4.4 (GE Medical Systems, Milwaukee,
WI, USA) providing multiplanar reformatted images. Max-
imum standardized uptake values (SUV,,.,) based on body
weight and WBMTV were determined by the attenuation-
corrected PET data using volume viewer software as fol-
lows: First, a rectangular parallelepiped-shaped volume of
interest (VOI) fully encasing the primary tumour, regional
lymph node and all distant metastases in the axial, coronal
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and sagittal PET/CT images was drawn. Then, the bound-
aries of voxels presenting SUV intensity exceeding 3.0 were
automatically produced. Second, normal organs such as the
heart, stomach, liver, intestines, kidney, ureter and bladder
were manually subtracted from the product of the previous
step. Third, false-positive lesions such as inflammation or
other benign FDG-avid lesions based on histopathological
reports, other imaging modalities, follow-up PET/CT and
response to therapy were subtracted. Finally, SUV ., and
MTYV of whole-body tumour burden produced by previous
steps were recorded in each patient.

Statistical analysis

Statistical analysis was performed using SPSS 18 for
Windows (SPSS Inc., Chicago, IL, USA).

For the detailed classification for prognosis, median values
of SUV ,.x or WBMTYV in each stage were used [16]. Corre-
lation between WBMTYV and clinical/haematological parame-
ters was assessed by the x? test. Survival time was derived
from the date of PET/CT scan to the date of death/recurrence
or last follow-up. Cox regression analysis was used to develop
the univariate and multivariate models describing the associ-
ation of the independent variables with overall survival (OS)
and progression-free survival (PFS). Independent variables
analysed included sex, age, smoking, chronic obstructive
pulmonary disease (COPD), ischaemic heart disease (IHD),
Eastern Cooperative Oncology Group (ECOG) performance
status, lactate dehydrogenase (LDH), initial chemotherapy
regimen, number of lines of chemotherapy, stage, SUV ax
and WBMTYV. OS and PFS curves were produced using
Kaplan-Meier methods and survival difference between
groups was assessed by the log-rank test. A value of p<0.05
was considered statistically significant. The 95% confidence
interval (CI) was determined for each parameter.

Results
Patient characteristics

The patient characteristics in this study are outlined in
Table 1. A total of 106 eligible patients (89 men and 17
women, mean age 67 years, range 42—89 years) consisting
of 45 (42%) patients with LD and 61 (58%) with ED were
enrolled in this study. TNM classification was [A in 2
patients, IB in 2, IIA in 4, IIB in 3, IIIA in 10, IIIB in 26
and IV in 59 patients. The ED group comprised 59 patients
with stage IV and 2 patients with contralateral supraclavic-
ular involvement (stage I1IB) beyond the radiation field. The
median WBMTV was 127 cm?® (range 5-1,355 cm®) and the
median SUV ., was 10.4 (range 5.5-52.6). The patients
with higher WBMTV (> 127 cm®) were more likely to have

extensive disease (p=0.002), higher TNM staging (p<
0.001) and higher SUV .« (> 10.4, p=0.020) compared
with the patients that had low WBMTYV (Table 1).

Survival analysis

At the time of analysis, 80 (75%) patients had died and 26
(25%) patients were still alive. The median follow-up for the
surviving patients was 22.1 months, with a range of 11.5—
67.1 months. The median OS and PFS were 12.5 and
6.6 months, respectively (range 0.5-67.1 months, both).
The median survival of patients with low WBMTV
(< 127 cm®) was significantly longer than that of patients
with high WBMTV (> 127 ecm®) [20.9 vs 8.7 months for
death (p<0.001) and 9.1 vs 5.4 months for progression
(p<0.001)] (Fig. la, b), whereas the median survival
between the patients with low SUV .. (< 10.4) and high
SUVax (= 10.4) was not significantly different [13.8 vs
13.3 months for death (p=0.315) and 7.3 vs 6.5 months for
progression (p=0.791)] (Fig. 1c, d). The patients with LD
showed significantly longer survival compared with the
patients with ED [22.2 vs 8.7 months for death (p<0.001)
and 11.6 vs 5.4 months for progression (p<0.001)] (Fig. 2a, b).
The patients with early TNM staging also showed significantly
longer survival compared with the patients with advanced
TNM staging (Fig. 2¢, d). TNM staging could classify the
entire cohort into three subgroups with different prognoses.

Following univariate analysis, high LDH (=472 U/l), ED
and high WBMTV (> 127 cm’) were significant predictors
for poor OS, and two or more lines of chemotherapy, ED
and high WBMTV (> 127 cm’®) were significant predictors
for poor PFS (Table 2). On multivariate analysis, only ED
[hazard ratio (HR) 3.43 for death (p<0.001) and 3.75 for
progression (p<0.001)] and high WBMTV (> 127 cm®) [HR
2.11 for death (»=0.002) and 1.80 (p=0.009) for progres-
sion] were significant predictors for poor outcome. High
SUVax (= 10.4) was not a significant factor for poor
prognosis [HR 1.19 for death (p=0.462) and 0.96 for
progression (p=0.848)] (Table 2).

Conventional staging with WBMTV

Incorporation of conventional staging and WBMTV could
classify the entire cohort into four groups with different
prognoses (p<0.001, Fig. 3). The median WBMTV was
72 cm’® in patients with LD and 230 cm® in patients with
ED. The number of deaths was 8/22 (36%), 16/23 (70%),
26/30 (87%) and 30/31 (97%) with OS of 38.2, 20.9, 14.8
and 8.0 months in LD with low WBMTV (< 72 cm?), LD
with high WBMTV (> 72 c¢m®), ED with low WBMTV
(< 230 cm®) and ED with high WBMTV (> 230 cm’),
respectively (p<0.001, Table 3). These results were also
replicated in the PFS analysis (p<0.001).
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Table 1 Patient characteristics

WBMTYV whole-body metabolic
tumour volume, COPD chronic
obstructive pulmonary disease,
IHD ischaemic heart disease,
ECOG Eastern Cooperative
Oncology Group performance
status, LDH lactate dehydroge-
nase, TNM tumour node
metastasis, SUV,,,, maximum
standardized uptake value

*The median values of WBMTV
and SUV ..« in all patients

The p values were produced
using a x? test

“Staging by the Veterans
Administration Lung Cancer
Study Group staging system
9IStaging by the AJCC Staging
Manual, 7th edition

TNM staging with WBMTV

All patients ~ WBMTV (cm®)

Low (< 127%  High (> 127%  p°

Gender 1.000
Male 89 (84%) 45 (85%) 44 (83%)

Female 17 (16%) 8 (15%) 9 (17%)
Age (years) 0.687
<65 39 (37%) 21 (40%) 18 (34%)

> 65 67 (63%) 32 (60%) 35 (66%)

Smoking 0.597
No 17 (16%) 7 (13%) 10 (19%)

Yes 89 (84%) 46 (87%) 43 (81%)
COPD 0.415
No 37 (35%) 21 (40%) 16 (30%)

Yes 69 (65%) 32 (60%) 37 (70%)
THD 1.000
No 99 (93%) 49 (92%) 50 (94%)

Yes 7 (7%) 4 (8%) 3 (6%)
Diabetes 1.000
No 92 (87%) 46 (87%) 46 (87%)

Yes 14 (13%) 7 (13%) 7 (13%)
ECOG 0.577
Oorl 91 (86%) 47 (89%) 44 (83%)

20r3 15 (14%) 6 (9%) 9 (17%)
LDH (U/1) 0.191
<472 77 (73%) 42 (79%) 35 (66%)

>472 29 (27%) 11 (21%) 18 (34%)
Initial chemotherapy regimen 0.475
Platinum + etoposide 104 (98%) 51 (96%) 53 (100%)

Platinum + irinotecan 2 (2%) 2 (4%) 0 (0%)
Number of lines of chemotherapy received 0.697
1 49 (46%) 23 (43%) 26 (49%)

>2 57 (54%) 30 (57%) 27 (51%)
Conventional stage® 0.002
Limited 45 (42%) 31 (58%) 14 (26%)

Extensive 61 (58%) 22 (42%) 39 (74%)
TNM stage* <0.001
I 4 (4%) 4 (7%) 0 (0%)

I 7 (7%) 7 (13%) 0 (0%)

I 36 (34%) 21 (40%) 15 (28%)

v 59 (55%) 21 (40%) 38 (72%)

SUV ax 0.020
<104° 51 (48%) 32 (57%) 19 (40%)

>104* 55 (52%) 21 (43%) 34 (60%)

patients with stage I-II, 95 cm® in patients with stage IIT and
230 cm?® in patients with stage IV cancer. The number of

Incorporation of TNM staging and WBMTYV could classify ~ deaths was 1/5 (20%), 2/6 (33%), 9/18 (50%), 14/18 (78%),
the entire cohort into six subgroups with different prognoses  25/29 (86%) and 29/30 (97%) with median OS of 32.3 (75%
(»<0.001, Fig. 4). The median WBMTV was 49 em® in  of survival), 21.1 (75% of survival), 22.1, 15.8, 11.7 and
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Fig. 1 Kaplan-Meier analyses of overall survival and progression-free survival according to whole-body metabolic tumour volume (WBMTV, a and
b) and maximum standardized uptake value (SUV,,,,., ¢ and d) for all patients

8.0 months in stage I-II with low WBMTV (< 49 cm’),
stage I-II with high WBMTV (> 49 cm?), stage III with low
WBMTV (< 95 cm?), stage III with high WBMTV
(> 95 cm?), stage IV with low WBMTV (< 230 cm®) and
stage IV with high WBMTV (> 230 cm?), respectively
(»<0.001, Table 4). These results were also replicated in
the PFS analysis (p<0.001).

Discussion

In the present study, we demonstrate that the WBMTYV,
which is a systemic tumour burden encompassing the pri-
mary tumour, regional lymph node and all distant metasta-
ses, is a strong independent prognostic factor for death and

progression after controlling for conventional staging, LDH,
ECOG performance status and SUV .. in patients with
SCLC. Incorporation of WBMTYV with TNM staging can
provide a more detailed prediction of prognosis than
WBMTV with conventional staging as well as tumour
staging alone.

The TASLC has established a database containing
staging, treatment and follow-up data for more than 12,000
patients with SCLC, including 349 cases treated by surgery
[2]. They proposed that the TNM staging system appears to
be of relevance for SCLC, and thus it became the standard
for all cases of SCLC and that the use of LD and ED staging
be discouraged in the future. In accordance with these
results, we identified that TNM classification could classify
three subgroups with different prognoses in the entire
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Fig. 2 Kaplan-Meier analyses of overall survival and progression-free survival according to conventional staging (a and b) and TNM staging (¢

and d) for all patients. LD limited disease, ED extensive disease

cohort, although a limited number of patients with early
TNM stage (I and II) were included (Fig. 2). A limited
number of investigators have validated the use of more
stratified classification combining metabolic parameters
and conventional staging for SCLC so far [11, 16]. A
recent study performed by Lee et al. showed that incor-
poration of SUV ., into a conventional staging system
could identify three subgroups with different prognoses
in all patients with SCLC [16]. More recently, Zhu et
al. demonstrated that MTV combined with conventional
staging could more appropriately reflect the tumour
burden and predict survival of SCLC patients. Our
results are consistent with those of Zhu et al. [11].
However, we also found that incorporation of WBMTV
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with TNM staging better predicts outcome than
WBMTV combined with conventional staging.
Although suitability for concurrent radiation therapy is a
strong prognostic indicator for SCLC, it gives limited prog-
nostic information for some patients. It has been suggested
that TNM staging can identify subgroups of patients with a
distinct prognosis from within the broad definition of LD [2,
14]. The beneficial effect of radiotherapy for intrathoracic
tumour and cranial metastatic sites for patients with ED has
also been postulated by several studies [17, 18]. The Radi-
ation Therapy Oncology Group (RTOG) 0937 phase II trial
proposes to determine the role of consolidation radiotherapy
for extracranial metastatic sites alongside prophylactic cra-
nial irradiation (PCI) after a response to systemic
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Table 2 Univariate and multivariate survival analysis
Overall survival Progression-free survival
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% CI) 14 HR (95% CI) 14 HR (95% CI) )4 HR (95% CI) )4
Gender
Male 1.35 (0.73-2.50)  0.334 1.14 (0.65-2.01)  0.664
Age (years)
>65 0.82 (0.35-1.88) 0.633 0.73 (0.37-1.45)  0.369
Smoking
Yes 1.35(0.73-2.48)  0.342 1.20 (0.67-2.15)  0.546
COPD
Yes 0.98 (0.60-1.60)  0.924 0.92 (0.60-1.40)  0.688
IHD
Yes 0.88 (0.35-2.20)  0.790 0.86 (0.35-2.11) 0.744
Diabetes
Yes 1.03 (0.55-1.95) 0.918 0.896 (0.52-1.76)  0.892
ECOG
2o0r3 0.94 (0.54-1.93) 0.941 1.08 (0.57-2.07)  0.805 1.16 (0.66-2.04) 0.615 1.14 (0.63-2.04)  0.670
LDH (U/l)
>472 1.73 (1.06-2.83)  0.030 1.35(0.83-2.21) 0.234 1.71 (1.09-2.69) 0.021 1.25 (0.80-1.98) 0.336
Initial chemotherapy regimen
Platinum + irinotecan  0.44 (0.06-3.17)  0.419 0.41 (0.06-2.95) 0.381
Number of lines of chemotherapy received
>2 1.20 (0.48-2.95) 0.701 2.48 (1.01-6.10) 0.049 1.44 (0.57-3.62)  0.440
Conventional stage®
Extensive 4.04 (2.45-6.65) <0.001  3.43 (2.05-5.75) <0.001 4.43(2.74-7.15)  <0.001 3.75(2.28-6.17) <0.001
SUV nax
>10.4° 1.26 (0.81-1.95) 0.316 1.19 (0.75-1.88)  0.462 1.06 (0.71-1.59)  0.781 0.96 (0.63-1.45) 0.848
WBMTV (cm?)
>127° 2.77 (1.76-4.36)  <0.001  2.11 (1.31-3.39)  0.002 2.32 (1.53-3.53)  <0.001 1.80(1.16-2.80) 0.009

HR hazard ratio, CI confidence interval, COPD chronic obstructive pulmonary disease, /HD ischaemic heart disease, ECOG Eastern Cooperative
Oncology Group performance status, LDH lactate dehydrogenase, SUV,,,,, maximum standardized uptake value, WBMTV whole-body metabolic

tumour volume

*Staging by the Veterans Administration Lung Cancer Study Group staging system

® The median values of WBMTYV and SUVax 1n all patients

chemotherapy (Gore, personal communication, http:/www.
rtog.org/ClinicalTrials/ProtocolTable/StudyDetails.aspx?
study=0937). Because a conventional staging system
classifies a wide range of patients into only two categories,
more discriminative prediction of prognosis for appropriate
therapy would be needed for SCLC. Patients with lesser
WBMTYV can be good candidates for additional radiothera-
py to thoracic, cranial and potentially extracranial metastatic
sites for better treatment response and longer survival. Our
results may mean that FDG PET/CT scans have an impor-
tant role in helping to reach treatment decisions by provid-
ing more detailed prognostic information in the initial
staging for SCLC.

MTYV is defined as the volume of tumour tissues with
increased FDG uptake which is a recently investigated
index in FDG PET. Because it represents the extent of
FDG uptake by tumour tissues beyond the intensity of
FDG uptake (SUV,,.x), it has been suggested for a
better prognostic indicator than SUV,,,, for clinical out-
comes in certain malignancies: pharyngeal cancer [8],
cervical cancer [19], oesophageal cancer [9] and malig-
nant pleural mesothelioma [20]. However, almost all
previous studies treating MTV measured the tumour
volume only in primary mass or regional lymph nodes.
Very recently, Liao et al. investigated the prognostic
value of whole-body metabolic tumour burden on FDG
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Fig. 3 Kaplan-Meier analyses of overall survival (a) and progression-free survival (b) according to four classifications incorporating conventional
staging and whole-body metabolic tumour volume (WBMTV) for all patients

PET/CT in non-surgical patients with NSCLC [12].
They concluded that the baseline whole-body metabolic
tumour burden was a prognostic measure independent of
clinical stage and may be used to further stratify non-
surgical patients with NSCLC. They also concluded that
MTYV is a better predictor of survival than SUV ... In
accordance with previous studies, WBMTYV also showed

better prognostic value than SUV,,. in patients with
SCLC. Tumour stage is known to be the most important
prognostic factor of SCLC. ECOG performance status,
age, gender and LDH are also known to correlate with
the prognosis for SCLC [21-23]. Along with WBMTYV,
tumour staging (both conventional and TNM staging)
and LDH level were also significant prognostic factors

Table 3 Survival difference according to subdivided classification incorporating conventional staging and WBMTV

Limited stage Extensive stage P
Low WBMTV High WBMTV Low WBMTV High WBMTV
(<72 ecm’)? =72 ecm?)® (<230 cm®)? (>230 cm®)*
Subjects, n 22 23 30 31
WBMTV (cm?) <0.001°
Mean + SD 36+17 186130 100+59 3954211
SUV ax 0.064°
Mean + SD 10.0+3.7 13.5+9.4 10.5+3.4 13.1+4.7
OS (months) <0.001°¢
Median 38.2 20.9 14.8 8.0
Range 3.5-65.4 5.5-67.1 1.8-42.5 0.5-18.9
Death, n (%) 8 (36%) 16 (70%) 26 (87%) 30 (97%)
PFS (months) <0.001°¢
Median 13.6 9.6 6.6 3.9
Range 3.5-65.4 42-67.1 1.8-15.3 0.5-8.1
Progression, n 14 (64%) 17 (74%) 30 (100%) 31 (100%)

WBMTYV whole-body metabolic tumour volume, SUV,,,, maximum standardized uptake value, OS overall survival, PFS progression-free survival

?The median values of WBMTYV in each stage

°The p values were produced using a one-way analysis of variance among groups

“The p values were produced using a log-rank test
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Fig. 4 Kaplan-Meier analyses of overall survival (a) and progression-free survival (b) according to six classifications incorporating TNM staging

and whole-body metabolic tumour volume (WBMTV) for all patients

for poor prognosis in this study. High WBMTV was
also associated with high LDH and high tumour staging.
However, multivariate analysis revealed that WBMTYV is
a significant independent prognostic factor regardless of
tumour staging, LDH, ECOG performance status and
SUV max-

Metabolic imaging using FDG facilitates the quantifica-
tion of the volume of all malignant lesions in cancer
patients. Metabolic tumour delineation is conventionally
obtained applying a threshold of 40% of SUV ., or using
a fixed SUV threshold of 2.5 [24]. However, no standard-
ized method to estimate the systemic tumour burden has

Table 4 Survival difference according to subdivided classification incorporating TNM staging and WBMTV

Stage I-11 Stage 111 Stage IV p

Low WBMTV  High WBMTV ~ Low WBMTV  High WBMTV ~ Low WBMTV  High WBMTV

(< 49 em’)? (=49 em’)? (<95 ecm’) (=95 em’)’ (<230 em’)* (=230 cm’)*
Subjects, n 5 6 18 18 29 30
WBMTV (cm?) <0.001°
Mean + SD 18+10 63+16 50425 235+139 100+60 3934214
SUV ax 0.007°
Mean + SD 8.0+1.4 144423 9.8+3.8 15.4+11.0 10.2+43.0 12.5+3.5
OS (months) <0.001°¢
Median 3234 21.1¢ 22.1 15.8 11.7 8.0
Range 14.3-65.4 14.7-58.2 3.5-67.1 5.5-49.3 1.8-42.5 0.5-18.9
Death, 7 (%) 1 (20%) 2 (33%) 9 (50%) 14 (78%) 25 (86%) 29 (97%)
PFS (months) <0.001°¢
Median 20.7¢ 13.6 10.8 7.4 6.5 3.9
Range 14.7-58.2 6.6-58.2 3.5-67.1 43493 1.8-153 0.5-8.1
Progression, n 2 (40%) 3 (50%) 13 (72%) 15 (83%) 29 (100%) 30 (100%)

TNM tumour node metastasis, WBMTV whole-body metabolic tumour volume, SUV,,,,. maximum standardized uptake value, OS overall survival,

PFS progression-free survival
?The median values of WBMTYV in each category

® The p values were produced using a one-way analysis of variance among groups

“The p values were produced using a log-rank test
975 percentiles of survival
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been established yet. We applied a 3.0 threshold of SUV for
automatic delineation of tumour volume. Although it is
variable according to tumours, an SUV of 3.0 is a general
cut-off set for differentiating between malignant and benign
lesions [25]. Moreover, in our experience, a threshold of 3.0
can minimize unwanted physiological FDG uptake in nor-
mal tissue during estimation of WBMTYV and thereby short-
en the processing time in almost all patients. Correlation
between WBMTYV and gross tumour volume (GTV) was not
evaluated in this study. A previous study already demon-
strated that MTV and GTV were highly correlated with a
correlation coefficient of 0.93 (p<0.001) [11]. However,
some gross tumours have a necrotic portion without defin-
itive FDG uptake and some metastatic lesions detected by
PET/CT cannot be delineated by conventional imaging.
MTV may reflect the biologically activated tumour cells
more accurately than GTV.

The present study also has several limitations. First,
because of the retrospective nature of the study design,
heterogeneity of detailed treatment modalities could affect
the treatment outcomes. However, WBMTV was a signifi-
cant prognostic factor regardless of initial treatment regimen
and number of lines of chemotherapy in this cohort. Second,
not all concerned lesions were histopathologically con-
firmed. Instead of that, all possible clinical assays iden-
tifying the metastases, such as other imaging modalities
including CT and MRI, follow-up PET/CT and response
to therapy, were utilized for confirming metastasis.
Third, MTV derived from a fixed threshold of SUV
could be entirely influenced by the compounding factors
for SUV including partial volume effect, time between
tracer injection and imaging, and plasma glucose level.
More controlled prospective studies with a larger numb-
ers of patients will be needed to confirm this promising
strategy to improve the prediction of prognosis in
patients with SCLC.

Conclusion

WBMTYV, which represents systemic tumour burden in the
entire body, can accurately predict the prognosis in patients
with SCLC. Incorporation of WBMTYV with either conven-
tional staging or TNM staging can provide more detailed
prognostic information than tumour staging alone. WBMTV
with TNM staging may be a more appropriate strategy to
predict outcome than WBMTYV with conventional staging,
thereby helping to make optimized treatment decisions for
patients with SCLC.
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