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Abstract

Purpose We conducted a comprehensive systematic review
of the literature on volumetric parameters from '*F-FDG PET
and a meta-analysis of the prognostic value of metabolic
tumour volume (MTV) and total lesion glycolysis (TLG) in
patients with lung cancer.

Methods A systematic search of MEDLINE and EMBASE
was performed using the keywords “positron emission tomog-
raphy (PET)”, “lung cancer”, and “volume”. Inclusion criteria
were: '"F-FDG PET used as an initial imaging tool; studies
limited to non-small-cell lung cancer (NSCLC); volume mea-
surement of lung cancer; patients who had not undergone
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surgery, chemotherapy, or radiotherapy before the PET scan;
and studies that reported survival data. Event-free survival and
overall survival were evaluated as outcomes. The impact of
MTV and TLG on survival was measured in terms of the
hazard ratio (HR) effect size. Data from each study were
analysed using Review Manager 5.2.

Results Thirteen eligible studies including 1,581 patients
were analysed. Patients with high MTV showed a worse
prognosis with an HR of 2.71 (95 % CI 1.82 — 4.02,
p<0.00001) for adverse events and an HR of 2.31 (95 % CI
1.54 — 3.47, p<0.00001) for death. Patients with high TLG
also showed a worse prognosis with an HR of 2.35 (95 % CI
1.91-2.89, p<0.00001) for adverse events and an HR 0f2.43
(95 % CI 1.89 — 3.11, p<0.00001) for death. The prognostic
value of MTV and TLG remained significant in a subgroup
analysis according to TNM stage as well as the methods for
defining cut-off values and tumour delineation.

Conclusion Volumetric parameters from '®F-FDG PET are
significant prognostic factors for outcome in patients with
NSCLC. Patients with a high MTV or TLG are at higher risk
of adverse events and death. MTV and TLG were significant
prognostic factors in patients with TNM stage I/II and stage
II/IV NSCLC.

Keywords PET - Volume - Lung cancer - Prognosis

Introduction

Lung cancer is the first leading cause of cancer death among
both men and women, and is expected to account for 26 % of
all female cancer deaths and 28 % of all male cancer deaths in
2013 [1]. Non-small-cell lung cancer (NSCLC) accounts for
80 % of lung cancers [2]. The standard care for the treatment
of early NSCLC is surgical resection and/or radiation therapy
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according to the patient's eligibility for surgery [3]. For
advanced NSCLC, chemotherapy or chemoradiotherapy is
the principal treatment modality [4]. Despite standard
treatment, overall survival (OS) in NSCLC is very poor
even in low-stage disease (50 % in stage IA) and becomes
progressively worse with increasing TNM stage (2 % in
stage IV) [5, 6]. However, there is no established prog-
nostic marker except TNM stage and performance status
[7].

PET/CT using '*F-FDG has become a valuable tool in the
differential diagnosis of a solitary pulmonary nodule and a
standard modality for staging and monitoring treatment re-
sponse in lung cancer [8, 9]. To quantify a lesion’s metabo-
lism, maximum standardized uptake value (SUVmax) is wide-
ly used in clinical practice. It provides a semiquantitative
measure of the normalized concentration of radioactivity in a
lesion [10]. In a meta-analysis the European Lung Cancer
Working Party for the International Association for the Study
of Lung Cancer Staging Project demonstrated the prognostic
value of the SUV of the primary tumour in NSCLC [11, 12].
However, SUVmax is not recommended for risk stratification
in the 7th edition of the American Joint Committee on Cancer
cancer staging manual [13], and is also not considered to be a
prognostic biomarker in the National Comprehensive Cancer
Network guidelines (version 3, 2014) [14]. The reasons for
this are that SUVmax is a single voxel value that may not
represent total tumour metabolism [15] and it is not certain
whether SUVmax is a reliable independent prognostic marker
or whether it provides additional risk stratification over T
staging [13, 16].

Instead of SUVmax, metabolic tumour volume (MTV) and
total lesion glycolysis (TLG), which are volumetric indices
derived from '®F-FDG PET, have been proposed for risk
stratification of lung cancer patients [17]. On "8E_FDG PET
images, tumour can be delineated by a specific threshold SUV
or with other methods such as the gradient or the fuzzy C-
mean method, with MTV referred to a volume of the delin-
eated tumour [3, 18, 19]. TLG is calculated by multiplying
MTV by the mean SUV of all voxels in the MTV, and
represents both the degree of '"*F-FDG uptake and the size
of the tumour, in other words the whole metabolic and volu-
metric burden of the tumour [10, 20-22]. Growing interest in
volumetric indices has led to the development of commercial-
ly available tools that enable the rapid and simple measure-
ment of the indices for tumour analysis [20]. In fact, MTV and
TLG are considered to be more reliable markers reflecting
tumour burden and aggressiveness and are thus better candi-
dates as prognostic markers in a variety of types of malignan-
cy including lung cancer [15, 23, 24]. However, there are also
several conflicting results regarding the prognostic value of
volumetric parameters in NSCLC [3, 25]. Therefore, we de-
signed a meta-analysis to assess the prognostic value of MTV
and TLG in patients with NSCLC.
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Materials and methods
Data search and study selection

We performed a systematic search of MEDLINE (inception to
November 2013) and EMBASE (inception to November
2013) for English language publications using the keywords
“positron emission tomography”, “lung”, and “volume.” All
searches were limited to human studies. Inclusion criteria
were: '®F-FDG PET used as an initial imaging tool; studies
limited to NSCLC; volume measurement of lung cancer;
patients who had not undergone surgery, chemotherapy, or
radiotherapy before the '®F-FDG PET scan; and articles that
reported survival data. Reviews, abstracts, and editorial mate-
rial were excluded. Two authors conducted the searches and
screening independently. Any discrepancies were resolved by
consensus.

Data extraction and quality assessment

Data were extracted from the publications independently by
two reviewers (K. Pak and H.J. Im) and the following infor-
mation was recorded: first author, year of publication, country,
study design, number of patients, TNM staging, treatment,
and endpoints. Three reviewers scored each publication ac-
cording to a quality scale, which was based on that used in
previous studies [11, 26]. This quality scale was grouped into
four categories: scientific design, generalizability, analysis of
results, and PET reports (Supplementary Table 1). A value of
0, 1 or 2 was attributed to each item. Each category had a
maximum score of 10 points.

Statistical analysis

We followed the same methodology as used in our previous
study [27]. The primary outcome was event-free survival
(EFS). Disease-free survival, recurrence-free survival and
progression-free survival were obtained as primary outcomes
and newly defined as EFS, which was measured from the date
of initiation of therapy to the date of recurrence or metastasis
[28]. The secondary endpoint was OS, defined as the time
from initiation of therapy until death from any cause. The
relationships between MTV and TLG and survival were mea-
sured in terms of the hazard ratio (HR) effect size. Survival
data were extracted using the following methodology as sug-
gested by Parmar et al. [29]. We extracted a univariate HR
estimate and 95 % confidence intervals (Cls) directly from
each study, if provided by the authors. Otherwise, p values of
the log-rank test, 95 % CI, number of events and number at
risk were extracted to estimate the HR indirectly. Survival
rates on Kaplan-Meier curves were read using Engauge Dig-
itizer version 3.0 (http://digitizer.sourceforge.net) to
reconstruct the HR estimate and its variance, assuming that
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patients were censored at a constant rate during follow-up. An
HR greater than 1 implied worse survival in patients with a
high MTV or TLG, whereas an HR less than 1 implied a
survival benefit in patients with a high MTV or TLG.
Heterogeneity between studies was assessed in term so x>
test and F* statistics, as described by Higgins et al. [30]. Funnel
plots were used to assess publication bias graphically [31].
Survival data were also extracted in relation to SUVmax from
the same studies included in this meta-analysis as mentioned
above. P values less than 0.05 were considered statistically
significant. Data from each study were analysed using Review
Manager (RevMan, version 5.2; The Nordic Cochrane Centre,
The Cochrane Collaboration, 2012, Copenhagen).

Results
Study characteristics

The electronic search identified 507 articles. After excluding
24 articles in languages other than English, 233 conference
abstracts, and 113 studies that did not meet the inclusion
criteria based on title and abstract, and reviewing the full text
of 57 articles, 13 studies including 1,581 patients were eligible
for inclusion in this study (Fig. 1). All 13 studies were of a
retrospective design. We excluded whole-body MTV or TLG
data from this meta-analysis. Either MTV [32-34] or TLG [2]
was measured in four studies, and both [3, 24, 25, 35-40]
were measured in nine studies. The volume of interest (VOI)

was defined as the primary lung cancer lesion. Four threshold
methods were adapted to segment the VOI in each study. A
fixed SUVof2.5 [2, 24, 25, 33, 34, 38, 40] or 7 [32] was used
in eight studies. The gradient segmentation method was ap-
plied in two studies [3, 36], and 50 % of SUVmax was used in
two studies [35, 39]. In one study, a threshold was determined
using mediastinal background average SUV plus 2 standard
deviations [37]. In each study, patients were divided into two
groups (high and low volume) based on cut-off values. To
determine cut-off values receiver operating characteristics in
six studies [25, 33, 34, 38—40], median values in four studies
[3, 32, 35, 36], maximally selected rank statistics in two
studies [24, 37], and maximizing the profile partial likelihood
[2] in one study were applied. The cut-off values of MTV
ranged between 0.3 and 68.3 cm® and those of TLG ranged
from 9.6 to 525. Visual inspection of the funnel plot suggested
no evidence of publication bias. Study characteristics are
summarized in Tables 1 and 2.

Primary outcome: EFS

EFS was analysed based on eight studies investigating the
prognostic value of MTV. The combined HR for adverse
events was 2.71 (95 % CI 1.82 — 4.02, p<0.00001). There
was significant heterogeneity (x*=15.82, p=0.03; =56 %).
Eight studies investigating the prognostic value of TLG were
included in the second analysis of EFS. Using a fixed-effect
model, the pooled HR was 2.43 (95 % CI 1.95 — 3.02,
p<0.00001; =0 %), indicating that tumours with a high
TLG are associated with progression and recurrence. Forest
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Table 2 PET protocols of included studies

Reference SUV Blood sugar Fasting Uptake Scantime SUV ~ MTV, TLG Reconstruction Attenuation Dose
normalization ~ (mg/dL) time (h) time (min) (min/bed) formula method method correction (MBq)

[35] ND <180 6 60 25 ND D OSEM CT 370

[3] ND <200 4-6 60 3-5 ND D ND ND 370 — 444

[24] ND <150 6 45 5 ND D OSEM CT 370

[36] ND 100+16 ND 84+32 2-4 ND D ND CT 455+96

[37] Body weight <150 6 45 4 ND D OSEM CT 370

[38] ND <150 6 60 2.5 ND D OSEM CT 7.4/kg

[2] Body weight <150 4 60 2.5 D D RAMLA Transmission scan 266

[32] ND 80—-160 4-8 4560 3-5 ND D ND CT 444 — 666

[33] Lean body mass <120 4 45 2 D D ND CT 370

[39] ND <150 6 60 ND ND D OSEM CT 370

[34] Body weight <200 6 45 ND D D OSEM Transmission scan 370

[40] ND <150 6 60 3 ND D OSEM CT 8.1/kg

[25] ND <120 6 60 3 ND D Iterative method ND ND

ND not described, D described, OSEM ordered subsets and expectation maximization, RAMLA row-action maximum likelihood algorithm

plots of the HR in studies investigating the prognostic value of
MTV and TLG are presented in Figs. 2 and 3.

Subgroup analyses were performed in relation to tumour
delineation method, cut-off value, and TNM stage. According
to three variables, eligible studies were divided into two
subgroups. Two studies [36, 39] included patients with stage
I to IV, and thus were excluded from the subgroup meta-
analysis of TNM stage. Each subgroup analysis showed sig-
nificant HR for events (Table 3).

Secondary outcome: OS

The survival analysis was based on seven studies investigating
the prognostic value of MTV. The combined HR was 2.31
(95 % CI 1.54 — 3.47, p<0.0001; *=18.97, p=0.004; *=
68 %; Fig. 4). Six studies investigating the prognostic value of
TLG were included in the analysis of OS. The pooled HR for
death was 2.49 (95 % CI 1.94 — 3.18, p<0.00001; Fig. 5).
There was no evidence of significant heterogeneity (=28 %.
x>=6.99, p=0.22). Subgroup meta-analyses in relation to cut-
off value, tumour delineation method, and TNM stage were

performed. Each subgroup analysis showed a significant HR
for death (Table 3).

Combined SUVmax data

Survival data were extracted from studies investigating the
value SUVmax in predicting EFS (seven studies) and OS
(four studies). The HR for adverse events was 2.12 (95 % CI
1.30 — 3.47, p=0.003) with significant heterogeneity (x*=
16.59, p=0.01; P=64 %). The pooled HR for death was 1.2
(95 % CI 1.05 — 1.38, p=0.008) with significant heterogeneity
(P of 72 %, x*=10.89, p=0.01; Table 4).

Discussion

In the present meta-analysis, the prognostic value of volumet-
ric indices from '*F-FDG PET in NSCLC patients was eval-
uated by analysing the HR for EFS and OS in patients with
high MTV and/or TLG compared to those with low MTV and/
or TLG. The pooled results showed that patients with high

Fig. 2 Forest plots of hazard
ratios for events in studies
investigating the prognostic value
of MTV. Hazard ratios for events
in individual studies together with
the pooled result are shown (error
bars 95 % CI, SE standard error)

Study or Subgroup __log[Hazard Ratio]

Chen HH 2012
LinY 2012
Kim K 2012
Yoo S 2012
Kim DH 2013
Melloni G 2013
VuCC 2013
Hyun SH 2013

Total (95% Cl)

Hazard Ratio Hazard Ratio
SE_Weight IV, Random, 95% Cl _Year IV, Random, 95% CI
03293 0245 19.0%  1.39[0.86,2.25] 2012 ™
1.4036 06023 7.9%  4.07[1.2513.25 2012
1.3605 0.4389 11.8%  3.90(1.65 9.21] 2012 —_—
1.8527 0.4778 10.7%  6.38[2.50,16.27] 2012 —_—
15195 04697 10.9%  4.57[1.82,11.47] 2013 —_—
11909 04857 105%  3.29(1.27,8.52 2013 —
05068 07261 6.0%  1.66(0.40,6.89) 2013 —
06173 01455 232%  1.85[1.39,2.47] 2013 -
100.0%  2.71[1.82,4.02) &>
005 02 1 5 20

Heterogeneity: Tau®= 0.15; Chi*= 15.82, df= 7 (P = 0.03); I*= 56%
Test for overall effect. Z= 4.92 (P < 0.00001)
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Fig.3 Forest plots of hazard ratio

for events in studies investigating
the prognostic value of TLG.
Hazard ratios for events in
individual studies together with
the pooled result are shown (error
bars 95 % CI, SE standard error)

Kim K 2012
Yoo SwW 2012
ZaizenY 2012
ChenHH 2012
Melloni G 2013
VuCC 2013

Hyun SH 2013
Kim DH 2013

Total (95% CI)
Heterogeneity: Chi*= 6.37, df=7 (P = 0.50); F= 0%
Test for overall effect: Z=7.94 (P < 0.00001)

Study or Subgroup __log[Hazard Ratio] SE

Hazard Ratio

Weight IV, Fixed, 95% CI
1.0501 04658 57% 2.86(1.15,7.12)
08734 04212 7.0% 2.40(1.05,5.47)
16827 05672 3.9% 5.38[1.77,16.35)
06206 03115 12.8% 1.86(1.01,3.43)
13324 04832 53% 3.79(1.47,9.77)
05068 0.7261  2.4% 1.66(0.40, 6.89)
07793 0149 561% 2.18(1.63,2.92)
1.4816 04311  6.7% 4.40[1.89,10.24)

100.0% 2.43[1.95, 3.02]

Table 3 Subgroup analyses of volumetric parameters of '*F-FDG PET

Year

Hazard Ratio

2012
2012
2012
2012
2013
2013
2013
2013

IV, Fixed, 95% CI

S 3
*

005 02

5 20

Endpoint Volumetric parameter Factor No. of studies HR 95 % Clof HR  Heterogeneity, P (%) Model used
Event-free survival MTV Cut-off values
ROC 339 1.74-6.63 69 Random effects
Others 193 147-252 0 Fixed effect
Tumour delineation
SUV 2.5 4 4.66 2.89 1751 0 Fixed effect
Others 4 1.78 1.41-2.26 0 Fixed effect
TNM stage
Jats 5 2.13 1.66 -2.74 29 Fixed effect
v 1 6.38 2.50—16.27 27 Fixed effect
TLG Cut-off values
ROC 4 270 1.76 — 4.15 0 Fixed effect
Others 4 228 1.79-291 0 Fixed effect
Tumour delineation
SUV 2.5 4 275 191-398 0 Fixed effect
Others 4 2.19 1.71-281 0 Fixed effect
TNM stage
v 4 241 1.86-3.12 15 Fixed effect
v 2 3.19 1.65-6.20 24 Fixed effect
Overall survival MTV Cut-off values
Median 3 252 145-435 0 Fixed effect
Others 4 224 130-3.88 82 Random effects
Tumour delineation
SUV2.5 3 1.82 1.06 —3.13 71 Random effects
Others 4 297 2.14-4.13 0 Fixed effect
TNM stage
il 3 3.07 2.15-438 0 Fixed effect
v 2 1.62 1.04-2.52 71 Random effects
TLG Cut-off values
Median 2 233 1.22-445 0 Fixed effect
Others 4 248 1.51-4.07 60 Random effects
Tumour delineation
SUV2.5 1.86 1.32-2.63 0 Fixed effect
Others 325 227-4.64 0 Fixed effect
TNM stage
Jats 2 342 231-5.06 12 Fixed effect
v 2 342 231-5.06 12 Fixed effect
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Fig. 4 Forest plots of HR for ) ) Hazard Ratio Hazard Ratio
death in studies investiating the Study or Subgroup __log[Hazard Ratio] SE Weight [V, Random, 95% Cl _Year IV, Random, 95% CI
- valuo of gating o Yan H 2011 02814 01356 23.4%  1.32[1.02,1.73] 2011 e
prognostic value of MTV. HRs for Abelson JA 2012 14793 05547 9.0%  4.39[1.48,13.02) 2012 —_—
death in individual studies Kim K 2012 23168 1.0502 3.4% 10.14[1.29,79.45] 2012 —
together with the pooled result are Vu CC 2013 05766 0.4689 11.1%  1.78[0.71,4.46] 2013 -
shown (error bars 95 % CI, SE Hyun SH 2013 11805 0.2101 205%  3.26 (216, 4.91] 2013 ——
’ Davison J 2013 0.8755 0.4467 11.7%  2.40(1.00,5.76] 2013 —
standard error) Hyun SH 2014 0.7338 0.2027 208%  208[1.40,3.10] 2014 ——
Total (95% CI) 100.0%  2.31[1.54,3.47] >
Heterogeneity: Tau®= 0.16; Chi#= 18.97, df = 6 (P = 0.004); F = 68% b o2 : y—

Test for overall effect: Z= 4.07 (P < 0.0001)

MTYV had a 2.71-fold higher risk of adverse events and a 2.31-
fold higher risk of death than patients with low MTV. Patients
with a high TLG had a 2.35-fold higher risk of adverse events
and a 2.43-fold higher risk of death. HRs of MTV and TLG for
OS were higher than those of SUVmax for OS without over-
lapping 95 % CI (Table 4). In addition, SUVmax was not a
significant prognostic factor either for EFS (three of seven
studies) or for OS (two of four studies) in most studies
included in this meta-analysis. In contrast, a single study [3]
(1 of 13 studies) showed that MTV and TLG cannot predict
EFS and OS. However, for adverse events, we could not
confirm if pooled HRs of MTV and TLG are higher than that
of SUVmax because of overlapping 95 % Cls (Table 4).
MTV and TLG are combined volumetric and metabolic
parameters that reflect both properties of the tumour. More
precisely, MTV is affected by tumour size and the distribution
of'the SUV and TLG is affected by MTV and also SUV. Also,
SUV itself can vary according to blood glucose level, fasting
time, uptake time, and methods of attenuation correction and
reconstruction. We reviewed these factors in the studies in-
cluded using a quality assessment form (Supplementary Ta-
ble 1). In the quality assessment of the PET studies, four
studies scored 5/8 (62.5 %) and the other nine studies scored
6/8 (75 %). In all studies, blood sugar levels were determined
and imaging was done when the patient had a blood sugar
level lower than their upper limit (blood sugar range
120 — 200 mg/dL). Fasting time was also well documented
in all studies except one [36], and ranged from 4 to 8 h. Uptake
time after injection of '*F-FDG was well reported in all studies
and ranged from 45 to about 60 min, except in one study with
an uptake time of 84+32 min [36] (Table 2). The procedure
for measuring SUV was acceptable in all studies except one
which had relatively long uptake periods with a wide range

Fig. 5 Forest plots of HR for
death in studies investigating the

prognostic value of TLG. HRs for g;; 2\‘9;[2” 2
death in individual studies Hyun SH 2013
together with the pooled result are Vu CC 2013
shown (error bars 95 % CI, SE Davison J 2013
Hyun SH 2014

standard error)

Total (95% ClI)

Heterogeneity: Chi*= 6.99, df= 5 (P = 0.22); F= 28%

Study or Subgroup __log[Hazard Ratio] SE_Weight
1.7334
0.8286
1.3255
0.7561
0.9203
0.5798

[36]. However, exclusion of this study did not affect the
pooled HRs: the HR for OS in patients with a high MTV
changed from 2.31 (95 % CI 1.54 — 3.47) to 2.33 (95 % CI
1.48 — 3.66), and the HR for OS in patients with a high TLG
changed from 2.49 (95 % CI 1.94 — 3.18) to 2.48 (95 % CI
1.92 -3.21).

Although an SUVmax threshold of 2.5 is widely used for
tumour delineation, Abelson et al. [32] found in their patient
population that an SUVmax threshold of 7 was better than a
threshold of 2 or 4 for predicting prognosis. Thus, to find
specific cut-off MTV and TLG values for a worse prognosis
for further research, the measurement of SUV should be well
controlled and the SUV for tumour delineation should also be
standardized. However, regardless of the method of tumour
delineation or the MTV and TLG cut-off values selected in
each study, high values of MTV and TLG were associated
with a higher risk of adverse events and/or death.

The search for previous meta-analyses evaluating the utility
of PET or PET/CT in lung cancer identified 20 articles
(Table 5). Of these 20 studies, 15 evaluated PET for detecting
lymph node metastasis [41—49] or distant metastasis [50-55],
2 evaluated the accuracy of PET for diagnosing a solitary
pulmonary nodule [56, 57], one determined the predictive
value of PET after neoadjuvant therapy [58], and two evalu-
ated PET for determining disease-free survival and OS using
the HR effect size [11, 12]. In a meta-analysis, Berghmans
et al. [11] determined the prognostic value of SUVmax in
NSCLC patients. These authors subsequently conducted an-
other meta-analysis [12] which showed that SUVmax was
associated with a 2.08-fold higher risk of death (95 % CI
1.69 — 2.56), which is similar to the pooled HR found in the
current study (2.33, 95 % CI 1.51 — 3.61), even though there
was no overlap in the studies between the two meta-analyses.

Hazard Ratio Hazard Ratio
IV. Fixed, 95% Cl__Year IV, Fixed, 95% CI
1.0499  1.4% 5.66(0.72,44.31] 2012 +—
0.347 131% 220[1.16,452 2012 —_—
02199 326% 3.76[2.45,5.79) 2013 ——
0.487 67% 213[0.82,553 2013 —
0.4495 7.8% 251 [1.04,6.08 2013 —
02028 38.4% 1.79[1.20,2.66) 2014 -
100.0% 2.49[1.94,3.18] ®
005 0.2 5 20

Test for overall effect: Z=7.25 (P < 0.00001)
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Table 4 Pooled hazard ratios of '"*F-FDG PET parameters

Endpoint Parameter HR 95 % CIof HR  p value

Event-free survival SUVmax  2.12  1.30 — 347 0.003
MTV 271 1.82-4.02 <0.00001
TLG 235 191-289 <0.00001

Overall survival SUVmax 120 1.05-1.38 0.008
MTV 231 1.54-347 <0.0001
TLG 243  1.89-3.11 <0.00001

In one study in patients with advanced stage NSCLC, high
SUVmax was not a significant risk factor [16]. This might be
explained by the fact that if the cancer becomes advanced,
SUVmax can neither represent the whole tumour burden nor
predict prognosis. Interestingly, the subgroup analysis in this
study according to TNM stage showed that both MTV and
TLG were significant risk factors for EFS and OS in patients
with stage I/IT and III/TV NSCLC.

In 11 of the included studies multivariate analysis was
performed using the Cox proportional hazards model [2, 24,
25, 33-35, 37-40] or logistic regression model [36] to

Table 5 Previous meta-analyses of '*F-FDG PET in patients with lung cancer

Reference Year of Country No. of  No. of patients Classification Effect size Performance
publication studies  (lesions) measure
[56] 2001 USA 40 (1,474) Diagnosis Selection of malignant lesion among focal Sensitivity/
pulmonary lesions specificity
[57] 2013 China 8 415 Diagnosis Selection of malignant lesion among focal Sensitivity/
pulmonary lesions specificity
[41] 1999 USA 14 514 Staging Detection of mediastinal lymph node metastasis Sensitivity/
specificity
[42] 2003 USA 32 1,959 Staging Detection of mediastinal lymph node metastasis Sensitivity/
specificity
[43] 2005 Netherlands 17 833 Staging Detection of mediastinal lymph node metastasis Sensitivity/
specificity
[44] 2006 Italy 13 2912 Staging Detection of mediastinal lymph node metastasis Sensitivity/
specificity
[50] 2011 China 8 2,446 Staging Detection of bone metastasis Sensitivity/
specificity
[45] 2011 China 14 2,550 Staging Detection of mediastinal lymph node metastasis Sensitivity/
specificity
[52] 2012 China 7 1,746 Staging Detection of bone metastasis in comparison with  Sensitivity/
bone scan specificity
[46] 2012 Taiwan 7 1,248 Staging Detection of mediastinal lymph node metastasis by ~Sensitivity/
comparison between regions specificity
[51] 2012 China 17 2,940 Staging Detection of bone metastasis in comparison with  Sensitivity/
bone scan and MRI specificity
[47] 2011 China 10 1,122 Staging Negative predictive value for mediastinal lymph Negative
node metastasis predictive
value
[48] 2012 China 19 2,845 Staging Detection of hilar and mediastinal lymph node Sensitivity/
metastasis in comparison with DWI specificity
[53] 2012 China 5 578 Staging Detection of distant malignancy Sensitivity/
specificity
[49] 2012 China 20 3,028 Staging Detection of mediastinal lymph node metastasis Sensitivity/
specificity
[54] 2012 China 56 8,699 Staging Detection of metastasis Sensitivity/
specificity
[55] 2013 China 9 780 Staging Detection of distant metastasis Sensitivity/
specificity
[58] 2013 China 13 414 Follow-up Prediction of pathological response after Sensitivity/
neoadjuvant chemotherapy specificity
[11] 2008 Belgium 13 1,474 Prognosis DFS/OS Hazard ratio
[12] 2010 Belgium 21 2,637 Prognosis DFS/OS Hazard ratio
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evaluate the independence of MTV and TLG as prognostic
markers with covariates including TNM stage and/or tumour
size. Of seven studies in which multivariate analysis for EFS
was performed [23, 25, 31, 33, 39, 45, 52], three [25, 38, 40]
of six [25, 33, 35, 38-40] and four [2, 35, 38, 40] of seven
showed that MTV and TLG, respectively, are independent
prognostic markers for EFS. On the other hand, SUVmax
was found to be an independent prognostic marker in only
one study [40] of seven [2, 25, 33, 35, 38—40]. Of six studies
in which multivariate analysis was performed for OS, five of
five [24, 25, 34, 36, 37] and three [2, 24, 37] of five [2, 24, 25,
36, 37] showed that MTV and TLG, respectively, are inde-
pendent prognostic markers for OS. However, SUVmax was
found to be an independent prognostic marker in only one
study [37] of six [2, 24, 25, 34, 36, 37]. These results indicate
that, unlike SUVmax, MTV and TLG might be independent
prognostic markers regardless of TNM stage and tumour size.
However, since the results are heterogeneous and all included
studies had a retrospective design, a further large-scale pro-
spective study is warranted to assess whether MTV and TLG
could be independent prognostic factors for clinical outcome.

Heterogeneity was detected in the present meta-analysis. In
pooled data, significant heterogeneity was found for MTV in
predicting EFS [38] and OS [34], and thus a random effect
model was used to derive a pooled HR. In each analysis of the
value of MTV in predicting EFS, studies that showed hetero-
geneity were identified [34, 38]. The study by Yan et al. [34]
was the only study that used PET rather than PET/CT in
analysis of the value of MTV in predicting EFS, and the study
by Yoo et al. [38] was the only study that included only
patients with stage IV lung cancer. Excluding these two stud-
ies reduced the heterogeneity (I, from 56 % to 42 % for EFS,
and from 68 % to 11 % for OS) with HR of 2.34 (95 % CI
1.64 — 3.34) for EFS and 2.64 (95 % CI 1.99 — 3.50) for OS.

This is the first meta-analysis investigating the prognostic
value of volumetric parameters in patients with lung cancer;
however, the study had several limitations. We were unable to
determine an optimal cut-off value to categorize volumetric
parameters as high or low. Different cut-off values and delin-
eation strategies, and various histological methods were ap-
plied in the studies, which might have affected the occurrence
of events and survival. Further studies with data from individ-
ual patients are needed to determine standard cut-off values
and delineation methods for predicting prognosis using volu-
metric PET parameters. Although we found that patients with
a high MTV or TLG had a higher risk of adverse events or
death than patients with a low MTV or TLG, there was
difficulty in interpreting the HRs for MTV and TLG because
exact incidence rates for the events were unknown. Further
prospective studies are needed which also include incidence
rates. The included studies were all retrospective in design and
thus the results could have been underpowered. There was a
single study with a prospective design, but we could not

extract survival data [7]. A publication bias cannot be exclud-
ed even though funnel plots showed no clear evidence of'it. In
addition, language bias could have been present because
articles in languages other than English were excluded. In
addition, although two reviewers independently extracted data
from each study, the complete accuracy of the data could not
be ensured by the strategy.

Conclusion

Volumetric parameters from '*F-FDG PET are significant
prognostic factors for outcome in patients with NSCLC. Pa-
tients with a high MTV or TLG are at higher risk of adverse
events or death. In addition, volumetric parameters may be
used as incremental predictors of EFS rather than SUVmax
even in patients with advanced NSCLC.
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