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ABSTRACT
The purpose of this meta-analysis was to determine
the prognostic value of early response assessment
using (18F)fluorodeoxyglucose (FDG)-positron
emission thermography (PET) in patients with
advanced non-small cell lung cancer (NSCLC)
treated with tyrosine-kinase inhibitors (TKIs).
MEDLINE, PubMed, Cochrane, EMBASE, and Google
Scholar databases were searched until August 1,
2016 using the keywords non-small cell lung
carcinoma, positron-emission tomography,
fluorodeoxyglucose, prognosis, disease progression,
survival, erlotinib, gefitinib, and afatinib. Inclusion
criteria were studies of patients with stage III or IV
NSCLC treated with a TKI and had response
assessed by FDG-PET. Outcome measures were
overall survival (OS) and progression-free survival
(PFS). Of the 167 articles identified, 10 studies
including 302 patients were included in the analysis.
In 8 studies, patients were treated with erlotinib,
and in 2 they were treated with gefitinib. The overall
analysis revealed that early metabolic response was
statistically associated with improved OS (HR=0.54;
95% CI 0.46 to 0.63; p<0.001), and with longer
PFS (HR=0.23; 95% CI 0.17 to 0.33; p<0.001).
Early response of patients with NSCLC treated with
TKIs identified on FDG-PET is associated with
improved OS and PFS.

INTRODUCTION
Lung cancer is the most common malignancy
worldwide, and the leading cause of cancer-
related deaths.1 Despite advances in treatment,
the prognosis remains poor, especially for
patients with non-small cell lung cancer
(NSCLC).1 2 Most patients with NSCLC
present with advanced disease (stage III or IV);
the overall survival (OS) has not improved
markedly over the past decades, with 5-year OS
rates between 10% and 15%.1 2 Chemotherapy
is still currently the first-line treatment for
patients with advanced NSCLC, but the
response rates vary markedly and response typ-
ically cannot be determined until 6 or more
weeks after therapy has been administered.1–3

Epidermal growth factor receptor (EGFR)
tyrosine-kinase inhibitors (TKIs), such as erloti-
nib and gefitinib, have become a treatment

option for patients with advanced NSCLC.
TKIs have been shown to improve survival in
patients with EGFR mutations, as well as in
some patients with the wild-type EGFR gene.1–3

However, as with chemotherapy, it is difficult to
predict which patients will respond to therapy,
and which will not see a benefit.3 4 A method of

Significance of this study

What is already known about this
subject?
▸ Tyrosine-kinase inhibitors (TKIs) have

become a treatment option for patients
with advanced non-small cell lung cancer
(NSCLC).

▸ Response of NSCLC to therapy has
traditionally been determined with CT.

▸ Fluorodeoxyglucose (FDG)-positron
emission thermography (PET)/CT has
become a tool in the staging and
monitoring of patients with NSCLC.

What are the new findings?
▸ This is the first meta-analysis that

evaluated the prognostic value of early
response identified by FDG-PET/CT of
patients with advanced NSCLC treated with
TKIs.

▸ Early metabolic response identified by
FDG-PET/CT was statistically associated
with improved overall survival in patients
with advanced NSCLC treated with TKIs.

▸ Early metabolic response identified by
FDG-PET/CT was significantly associated
with longer PFS in patients with advanced
NSCLC treated with TKIs.

How might these results change the focus
of research or clinical practice?
▸ These results are important as the life

expectancy of patients with advanced
NSCLS is short, and rapid determination of
a treatment’s effectiveness may allow more
prompt usage of a different treatment that
may be more effective, and thus prolong
survival as well as improve quality of life.
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predicting response early in the course of treatment would
be of great clinical value as it would allow alternative treat-
ments to begin promptly for those patients who are not
responding to the current treatment, and to provide reassur-
ance to patients in whom the current treatment is providing
a benefit.4 5 In addition, a method of evaluating response
early in the course of treatment would avoid the costs and
side effects of ineffective treatments.6

Response of NSCLC to therapy, whether to cytotoxic
chemotherapy or TKIs, has traditionally been determined
with CT using the Response Evaluation Criteria In Solid
Tumors (RECIST) guidelines and criteria.7 However, tumor
shrinkage generally cannot be identified until several cycles
of chemotherapy have been given, and evaluation is subject
to interobserver and intraobserver variation.8 Furthermore,
tumor shrinkage may not be seen with TKIs despite an
adequate response to treatment.9–12

Over the past two decades, positron emission
thermography (PET)/CT with (18F)fluorodeoxyglucose
(FDG)-PET/CT has become an indispensable tool for the
diagnosis, evaluation of treatment response, and post-
treatment surveillance of patients with most malignan-
cies.13 14 It has also been proven to play a major role in the
staging and monitoring of patients with NSCLC.15

FDG-PET/CT measures tumor glucose metabolism, and
thus can identify a treatment response (decreased glucose
metabolism) much earlier than CT, and before volumetric
changes or other signs of response to therapy occur.15

Studies have shown that decreased glucose metabolism, and
hence response to treatment, can be identified in lung
tumors from as early as 2 days to 3 weeks after initiating
treatment with a TKI.16 17 Early changes identified on
FDG-PET/CT have also been shown to be associated with
important clinical outcomes such as OS and progression-
free survival (PFS).18–20

We thus hypothesize that FDG-PET/CT performed early
after the start of a TKI (erlotinib or gefitinib) in patients
with advanced NSCLC can accurately identify patients who
benefit from this targeted therapy. Therefore, the objective
of the current study was to perform a meta-analysis of
available data to determine the prognostic value of early
response assessment using FDG-PET/CT in patients with
advanced stage NSCLC treated with the TKIs erlotinib and
gefitinib.

MATERIALS AND METHODS
Literature search strategy
This systematic review and meta-analysis was conducted
in accordance with PRISMA guidelines.21 MEDLINE,
PubMed, Cochrane, EMBASE, and Google Scholar data-
bases were searched from inception until August 1, 2016.
Combinations of the following keywords were used
for the searches: non-small cell lung carcinoma, NSCLC,
positron-emission tomography, PET, fluorodeoxyglucose,
F18, 18FDG, prognosis, disease progression, survival, erlo-
tinib, gefitinib, afatinib.

Study selection and data extraction
Inclusion criteria were: (1) randomized controlled trials,
two-arm prospective studies, retrospective studies; (2)
studies included patients with advanced NSCLC (stage III or
stage IV) who received preoperative (neoadjuvant) treatment

with TKIs (erlotinib or gefitinib); (3) (18F)FDG-PET was
used to assess the response to TKI therapy; (4) drug
response was assessed by the European Organisation for
Research and Treatment of Cancer (EORTC), RECIST, or
Positron Emission Tomography Response Criteria in Solid
Tumors (PERCIST) criteria; (5) survival data were
presented.

Letters, comments, editorials, case reports, proceedings,
and personal communication were excluded. Studies that
examined patients with early-stage NSCLC, as well as those
that did not stratify patients based on metabolic response
determined by (18F)FDG uptake (standardized uptake value
(SUV)max), were also excluded. Finally, studies that did not
provide quantitative data regarding an outcome of interest
(eg, response rate, progression rate) were also excluded.

Studies were identified by the search strategy by two
independent reviewers. When there was uncertainty regard-
ing eligibility, a third reviewer was consulted. Reference
lists of relevant studies were also searched. The following
information/data were extracted from studies that met the
inclusion criteria: the name of the first author, year of pub-
lication, study design, number of participants in each
group, participants’ age and gender, and outcome data.

Quality assessment
The Quality in Prognostic Studies (QUIPS) tool developed
by Hayden et al22 was used to assess the quality of the
included studies. The tool is useful for evaluating observa-
tional studies with regard to six areas of potential bias:
study participation, study attrition, measurement of prog-
nostic factors, measurement of and controlling for con-
founding variables, measurement of outcomes, and analysis
approaches. Quality assessment was also performed by two
independent reviewers, and a third reviewer was consulted
for any uncertainties.

Outcome measures and data analysis
The primary outcome was OS, and the secondary outcome
was PFS. HRs and 95% CIs were extracted for the primary
and secondary outcomes for individual studies, and calcu-
lated for studies combined. If an HR was not available, the
methods of Parmar et al23 and Williamson et al24 were
used to provide an estimate of the HR and its variance.

A χ2-based test of homogeneity was performed, and het-
erogeneity among the studies was evaluated by the
Cochrane’s Q and I2 statistics. A Q statistic with a value of
p<0.10 was considered to indicate statistically significant
heterogeneity. The I2 statistic indicates the percentage of the
observed between-study variability due to heterogeneity
rather than chance, and a value >50% was considered to
indicate significant heterogeneity. A random-effects model
(DerSimonian-Laird method) of analysis was used if hetero-
geneity was detected (I2>50% or Q statistics p<0.1).
Otherwise, a fixed-effects model (Mantel-Haenszel method)
was used. Combined effects were calculated, and a two-
sided p value <0.05 was considered to indicate statistical
significance. Sensitivity analysis was carried out using the
leave-one-out approach. Publication bias was only assessed
if there were more than 10 studies, as more than 10 studies
are required to detect funnel plot asymmetry.25 All analyses
were performed using Comprehensive Meta-Analysis statis-
tical software, V.2.0 (Biostat, Englewood, New Jersey, USA).

Original research

2 Ma J, et al. J Investig Med 2017;0:1–7. doi:10.1136/jim-2017-000433

 on A
pril 10, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2017-000433 on 30 M
arch 2017. D

ow
nloaded from

 



RESULTS
Literature search and study characteristics
A flow diagram of study selection is shown in figure 1.
A total of 216 articles were identified in the database
searches and though other sources and after duplicates
were removed, 167 remained. These articles were screened
by title and abstract and 144 were excluded. The remain-
ing 23 full-text articles were assessed for eligibility, and
13 were excluded, the reasons for which are shown in
figure 1. Thus, 10 studies were included in the meta-
analysis.6 16–19 26–30

The 10 studies enrolled a total of 302 patients with
advanced NSCLC treated with a TKI. The basic character-
istics of the studies are summarised in table 1. Seven of the
studies were prospective and three were retrospective. The
patient age ranged from 57 to 69 years, and the proportion
of patients who were male ranged from 21% to 66%. In
eight studies, patients were treated with erlotinib, while in
two studies they were treated with gefitinib, and the major-
ity of patients had adenocarcinoma. FDG-PET/CTwas per-
formed from 2 days to 3 weeks after beginning TKI
treatment, and the early metabolic response ranged from
27% to 58%.

Meta-analysis
Seven studies provided complete OS data and were
included in the meta-analysis of OS. No significant hetero-
geneity was observed among the seven studies; therefore, a
fixed-effects model of analysis was used (I2=39.93%, Q
statistic=9.989, p=0.125). The overall analysis revealed
that early metabolic response was statistically associated
with improved OS (HR=0.54; 95% CI 0.46 to 0.63;
p<0.001; figure 2A).

Eight studies provided complete PFS data and were
included in the meta-analysis. No significant heterogeneity
was observed among the eight studies; therefore, a
fixed-effects model of analysis was used (I2=27.46%, Q
statistic=9.650, p=0.209). The overall analysis revealed
that early metabolic response was significantly associated
with longer PFS (HR=0.23; 95% CI 0.17 to 0.33;
p<0.001; figure 2B).

Sensitivity analysis
Sensitivity analyses of the results of OS and PFS were per-
formed using the leave-one-out approach. The direction
and magnitude of combined estimates did not vary mark-
edly with the removal of the studies, indicating that the

Figure 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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meta-analysis had robustness, and the data were not overly
influenced by each study (table 2).

Quality assessment
Quality assessment of the 10 studies is shown in figure 3.
The assessment of individual showed that there were low
risk bias and fair application concerns for most of the
assessed criteria, except for higher risk of confounding
measurement and account in seven studies (figure 3A). A
summary of the risk of bias for all studies is shown in
figure 3B.

DISCUSSION
To the best of our knowledge, this is the first meta-analysis
that evaluated the prognostic value of early response identi-
fied by FDG-PET/CT of patients with advanced NSCLC
treated with TKIs. The results indicated that an early
response (from 2 days to 3 weeks after the start of therapy)
was associated with prolonged OS and PFS. These results
are important as the life expectancy of patients with
advanced NSCLS is short, and rapid determination of a
treatment’s effectiveness may allow more prompt usage of
a different treatment that may be more effective, and thus
prolong survival as well as improve quality of life.

Since its introduction, PET has become an indispensable
tool for the diagnosis and monitoring of treatment
response of many malignancies. In brief, PET measures
tumor glucose metabolism, and a response to treatment is
indicated by a decrease in the metabolism of glucose in the
tumor.14 Since PET is measuring a different feature than
CT, the RECIST criteria used for CT evaluation of tumor
response (generally volume changes) are not entirely useful
for evaluating the response examined by PET.7 14

Qualitative and quantitative approaches to FDG-PET/CT
response assessment have been developed, and require a
consistent PET methodology to allow quantitative assess-
ments. Statistically significant changes in tumor SUV have
been found in careful test–retest studies of high-SUV
tumors, with a change of 20% in SUV of a region 1 cm or
larger in diameter; however, medically relevant beneficial
changes are often associated with a 30% or greater
decline.7 The greater the decline in SUV, the more effective
the treatment is considered.7

RECIST criteria have been modified for PET evaluation,
and are referred to as PERCIST. Using PERCIST criteria,
patients are generally classified as complete metabolic
responders (CMR; complete resolution of tumor (18F)
FDG uptake), partial metabolic responders (PMR; reduc-
tion of a minimum of 30% in target lesion uptake), pro-
gressive metabolic disease (PMD; increase of a minimum of
30% in target lesion uptake or presentation of a new
lesion), and stable metabolic disease (not CMR, PMR, or
PMD).6 7 Total lesion glycolysis using a systematic
approach is a relatively new method measuring response by
PET, and some studies have suggested that it may be super-
ior to PERCISTand EORTC methods.29 31 32

Although not meeting the criteria of the current
meta-analysis, many other reports have indicated that early
FDG-PET/CT can predict the response of patients with
NSCLC to TKIs.4 5 33–39 While it is beyond the scope of
this report to discuss all of the relevant studies, some are
particularly noteworthy. van Gool et al35 studied 60
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patients with NSCLC eligible for surgical resection and
reported that FDG-PET/CTwithin 1 week after the start of
erlotinib identified 64% of histological responders based
on EORTC criteria. In a similar study, Aukema et al37

studied 23 patients with NSCLC eligible for surgical resec-
tion. Patients received erlotinib (150 mg) daily for 3 weeks
and FDG-PET/CT was performed before administration
and 1 week after. The κ-agreement between metabolic and
pathological responders was 0.55 (p=0.008).

In a study of 31 patients with stage IIIA/B NSCLC who
received systemic therapy (5 gefitinib; 26 chemotherapy),
Lee et al36 reported that a single FDG-PET/CT scan taken
after one cycle of therapy could predict disease progression
earlier than radiographic evaluation. A study comparing
FDG-PET/CT and CT alone for response to erlotinib in
patients with resectable NSCLC found that FDG change in
SUVmax could predict histological response after 3 weeks
of treatment, whereas relative change in tumor size on CT
was not different in responders and non-responders.40

While most studies have examined response to treat-
ment, Scheffler et al41 performed FDG-PET/CTon patients
with metastatic NSCLC before first-line treatment with
erlotinib and found that those with a pretreatment FDG
SUVmax<6.6 had a significantly better OS (16.3 months)
as compared with those with a pretreatment value of ≥6.6

Figure 2 Meta-analysis for (A) OS and (B) PFS. OS, overall survival; PFS, progression-free survival.

Table 2 Sensitivity analysis

First author
(publication year)

Statistics with study removed

HR
Lower
limit

Upper
limit Z-value p Value

OS
Ho (2016) 0.54 0.46 0.64 −7.13 <0.001
Hachemi (2014) 0.54 0.46 0.64 −7.14 <0.001
Kanazu (2014) 0.54 0.46 0.64 −7.18 <0.001
Tiseo (2014) 0.55 0.47 0.65 −6.97 <0.001
Benz (2011) 0.33 0.22 0.48 −5.72 <0.001
Mileshkin (2011) 0.54 0.46 0.64 −7.13 <0.001
Zander (2011) 0.54 0.46 0.64 −7.19 <0.001
PFS
Hachemi (2014) 0.23 0.16 0.33 −7.95 <0.001
Kanazu (2014) 0.25 0.18 0.34 −8.16 <0.001
Tiseo (2014) 0.26 0.18 0.37 −7.62 <0.001
Kahraman (2012) 0.23 0.16 0.32 −8.33 <0.001
Takahashi (2012) 0.25 0.18 0.35 −8.14 <0.001
de Langen (2011) 0.21 0.14 0.30 −8.37 <0.001

Mileshkin (2011) 0.23 0.16 0.32 −8.01 <0.001
Zander (2011) 0.23 0.17 0.33 −8.07 <0.001

OS, overall survival; PFS, progression-free survival.

Original research

Ma J, et al. J Investig Med 2017;0:1–7. doi:10.1136/jim-2017-000433 5

 on A
pril 10, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2017-000433 on 30 M
arch 2017. D

ow
nloaded from

 



(OS 3.1 months). Similarly, Na et al20 found that a low
SUV at presentation was a favorable predictor of response
and survival in patients with NSCLC treated with gefitinib.
Interestingly, Bengtsson et al38 reported that new lesions
identified after 2 weeks of erlotinib were more predictive
of survival than SUV.

There are a number of limitations to the current analysis
that should be considered. Although 10 studies were
included, of which 7 were prospective, there were only a
total of 302 patients. This sample size is considered quite
small to represent the general population of patients with
NSCLC. The small number of patients may be due to the
lack of adequate treatment for advanced stage disease, or
the availability of FGD-PET/CT assessment. We also did
not categorize patients into subgroups such as by age, eth-
nicity, or degree of response; the limited number of
patients would have made subgroup analysis unreliable.
Different cut-off values and criteria of metabolic response

were used in the studies, and again the limited number of
patients prevented subgroup analysis. In addition, the lack
of raw data in the studies only allowed categorization of
patients as responders or non-responders. No differenti-
ation between complete and PMR was identified; hence,
there may be a potential bias in presentation of results. We
also did not categorize patients by EGFR mutation status,
which is known to play a role in TKI response. Finally,
quality of life was not consistently examined in the
included studies and hence was not part of our analysis.
However, we highly encourage future studies to evaluate
quality of life. Patients with advanced NSCLC who are
considering TKI treatment usually may also consider pallia-
tive treatment as a next step. It is important for physicians
and patients to reach a consensus regarding how much
time and effort they would devote toward a short exten-
sion of lifespan, and quality of life is an important factor in
making this decision.

Figure 3 Quality assessment. (A) Risk of bias for individual studies. (B) Summary of risk of biases.
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CONCLUSIONS
In summary, this meta-analysis provided a summary of
prior clinical studies and indicated that early response to
TKIs identified by FDG-PET/CT is predictive of increased
OS and PFS in patients with NSCLC. The results support
the clinical value of FDG-PET/CT response assessment in
patients with NSCLC treated with TKIs.

Contributors JM was involved in manuscript editing and statistical analysis.
XW was involved in literature research and data acquisition. JL was involved in
study concepts and definition of intellectual content. ZW was involved in
manuscript preparation. YW was involved in study design and manuscript review.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Mao Y, Yang D, He J, et al. Epidemiology of lung cancer. Surg Oncol Clin

N Am 2016;25:439–45.
2 Dholaria B, Hammond W, Shreders A, et al. Emerging therapeutic agents for

lung cancer. J Hematol Oncol 2016;9:138.
3 Birchard KR, Hoang JK, Herndon JE Jr, et al. Early changes in tumor size in

patients treated for advanced stage nonsmall cell lung cancer do not
correlate with survival. Cancer 2009;115:581–6.

4 Kahraman D, Scheffler M, Zander T, et al. Quantitative analysis of response to
treatment with erlotinib in advanced non-small cell lung cancer using 18F-FDG
and 3’-deoxy-3’-18F-fluorothymidine PET. J Nucl Med 2011;52:1871–7.

5 O’Brien ME, Myerson JS, Coward JI, et al. A phase II study of
18F-fluorodeoxyglucose PET-CT in non-small cell lung cancer patients
receiving erlotinib (Tarceva); objective and symptomatic responses at 6 and
12 weeks. Eur J Cancer 2012;48:68–74.

6 Benz MR, Herrmann K, Walter F, et al. (18)F-FDG PET/CT for monitoring
treatment responses to the epidermal growth factor receptor inhibitor
erlotinib. J Nucl Med 2011;52:1684–9.

7 Wahl RL, Jacene H, Kasamon Y, et al. From RECIST to PERCIST: evolving
considerations for PET response criteria in solid tumors. J Nucl Med 2009;50
(Suppl 1):122S–50S.

8 Erasmus JJ, Gladish GW, Broemeling L, et al. Interobserver and intraobserver
variability in measurement of non-small-cell carcinoma lung lesions:
implications for assessment of tumor response. J Clin Oncol 2003;21:2574–82.

9 Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al. Erlotinib in previously
treated non-small-cell lung cancer. N Engl J Med 2005;353:123–32.

10 Hotta K, Matsuo K, Ueoka H, et al. Continued gefitinib treatment after
disease stabilisation prolongs survival of Japanese patients with
non-small-cell lung cancer: Okayama Lung Cancer Study Group experience.
Ann Oncol 2005;16:1817–23.

11 Fukuoka M, Yano S, Giaccone G, et al. Multi-institutional randomized phase
II trial of gefitinib for previously treated patients with advanced non-small-
cell lung cancer (the IDEAL 1 Trial). J Clin Oncol 2003;21:2237–46.

12 Kris MG, Natale RB, Herbst RS, et al. Efficacy of gefitinib, an inhibitor of the
epidermal growth factor receptor tyrosine kinase, in symptomatic patients with
non-small cell lung cancer: a randomized trial. JAMA 2003;290:2149–58.

13 Croteau E, Renaud JM, Richard MA, et al. PET metabolic biomarkers for
cancer. Biomark Cancer 2016;8(Suppl 2):61–9.

14 Serkova NJ, Eckhardt SG. Metabolic imaging to assess treatment response to
cytotoxic and cytostatic agents. Front Oncol 2016;6:152.

15 Jiménez-Bonilla JF, Quirce R, Martínez-Rodríguez I, et al. The role of PET/CT
molecular imaging in the diagnosis of recurrence and surveillance of patients
treated for non-small cell lung cancer. Diagnostics (Basel) 2016;6:pii: E36.

16 Tiseo M, Ippolito M, Scarlattei M, et al. Predictive and prognostic value of
early response assessment using 18FDG-PET in advanced non-small cell lung
cancer patients treated with erlotinib. Cancer Chemother Pharmacol
2014;73:299–307.

17 de Langen AJ, van den Boogaart V, Lubberink M, et al. Monitoring response
to antiangiogenic therapy in non-small cell lung cancer using imaging
markers derived from PET and dynamic contrast-enhanced MRI. J Nucl Med
2011;52:48–55.

18 Takahashi R, Hirata H, Tachibana I, et al. Early [18F]fluorodeoxyglucose
positron emission tomography at two days of gefitinib treatment predicts
clinical outcome in patients with adenocarcinoma of the lung. Clin Cancer
Res 2012;18:220–8.

19 Zander T, Scheffler M, Nogova L, et al. Early prediction of nonprogression in
advanced non-small-cell lung cancer treated with erlotinib by using [(18)F]

fluorodeoxyglucose and [(18)F]fluorothymidine positron emission tomography.
J Clin Oncol 2011;29:1701–8.

20 Na II, Byun BH, Kang HJ, et al. 18F-fluoro-2-deoxy-glucose uptake predicts
clinical outcome in patients with gefitinib-treated non-small cell lung cancer.
Clin Cancer Res 2008;14:2036–41.

21 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. Ann Intern Med 2009;151:
W65–94.

22 Hayden JA, van der Windt DA, Cartwright JL, et al. Assessing bias in studies
of prognostic factors. Ann Intern Med 2013;158:280–6.

23 Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform
meta-analyses of the published literature for survival endpoints. Stat Med
1998;17:2815–34.

24 Williamson PR, Smith CT, Hutton JL, et al. Aggregate data meta-analysis
with time-to-event outcomes. Stat Med 2002;21:3337–51.

25 Sterne JA, Sutton AJ, Ioannidis JP, et al. Recommendations for examining
and interpreting funnel plot asymmetry in meta-analyses of randomised
controlled trials. BMJ 2011;343:d4002.

26 Kahraman D, Holstein A, Scheffler M, et al. Tumor lesion glycolysis and
tumor lesion proliferation for response prediction and prognostic
differentiation in patients with advanced non-small cell lung cancer treated
with erlotinib. Clin Nucl Med 2012;37:1058–64.

27 Hachemi M, Couturier O, Vervueren L, et al. [18F]FDG positron emission
tomography within two weeks of starting erlotinib therapy can predict
response in non-small cell lung cancer patients. PLoS ONE 2014;9:e87629.

28 Mileshkin L, Hicks RJ, Hughes BG, et al. Changes in 18F-fluorodeoxyglucose
and 18F-fluorodeoxythymidine positron emission tomography imaging in
patients with non-small cell lung cancer treated with erlotinib. Clin Cancer
Res 2011;17:3304–15.

29 Ho KC, Fang YD, Chung HW, et al. TLG-S criteria are superior to both
EORTC and PERCIST for predicting outcomes in patients with metastatic lung
adenocarcinoma treated with erlotinib. Eur J Nucl Med Mol Imaging
2016;43:2155–65.

30 Kanazu M, Maruyama K, Ando M, et al. Early pharmacodynamic assessment
using 18F-fluorodeoxyglucose positron-emission tomography on molecular
targeted therapy and cytotoxic chemotherapy for clinical outcome prediction.
Clin Lung Cancer 2014;15:182–7.

31 Winther-Larsen A, Fledelius J, Sorensen BS, et al. Metabolic tumor burden as
marker of outcome in advanced EGFR wild-type NSCLC patients treated with
erlotinib. Lung Cancer 2016;94:81–7.

32 Winther-Larsen A, Fledelius J, Demuth C, et al. Early change in FDG-PET
signal and plasma cell-free DNA level predicts erlotinib response in EGFR
wild-type NSCLC patients. Transl Oncol 2016;9:505–911.

33 Sunaga N, Oriuchi N, Kaira K, et al. Usefulness of FDG-PET for early
prediction of the response to gefitinib in non-small cell lung cancer.
Lung Cancer 2008;59:203–10.

34 Cook GJ, O’Brien ME, Siddique M, et al. Non-small cell lung cancer treated
with erlotinib: heterogeneity of (18)F-FDG uptake at PET-Association with
Treatment Response and Prognosis. Radiology 2015;276:883–93.

35 van Gool MH, Aukema TS, Schaake EE, et al. Timing of metabolic response
monitoring during erlotinib treatment in non-small cell lung cancer.
J Nucl Med 2014;55:1081–6.

36 Lee DH, Kim SK, Lee HY, et al. Early prediction of response to first-line
therapy using integrated 18F-FDG PET/CT for patients with advanced/
metastatic non-small cell lung cancer. J Thorac Oncol 2009;4:816–21.

37 Aukema TS, Kappers I, Olmos RA, et al. Is 18F-FDG PET/CT useful for the
early prediction of histopathologic response to neoadjuvant erlotinib in
patients with non-small cell lung cancer? J Nucl Med 2010;51:1344–8.

38 Bengtsson T, Hicks RJ, Peterson A, et al. 18F-FDG PET as a surrogate
biomarker in non-small cell lung cancer treated with erlotinib: newly
identified lesions are more informative than standardized uptake value.
J Nucl Med 2012;53:530–7.

39 Kobe C, Scheffler M, Holstein A, et al. Predictive value of early and late
residual 18F-fluorodeoxyglucose and 18F-fluorothymidine uptake using
different SUV measurements in patients with non-small-cell lung cancer
treated with erlotinib. Eur J Nucl Med Mol Imaging 2012;39:1117–27.

40 van Gool MH, Aukema TS, Schaake EE, et al. (18)F-fluorodeoxyglucose
positron emission tomography versus computed tomography in predicting
histopathological response to epidermal growth factor receptor-tyrosine
kinase inhibitor treatment in resectable non-small cell lung cancer. Ann Surg
Oncol 2014;21:2831–7.

41 Scheffler M, Zander T, Nogova L, et al. Prognostic impact of [18F]
fluorothymidine and [18F]fluoro-D-glucose baseline uptakes in patients with
lung cancer treated first-line with erlotinib. PLoS ONE 2013;8:e53081.

Original research

Ma J, et al. J Investig Med 2017;0:1–7. doi:10.1136/jim-2017-000433 7

 on A
pril 10, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2017-000433 on 30 M
arch 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.soc.2016.02.001
http://dx.doi.org/10.1016/j.soc.2016.02.001
http://dx.doi.org/10.1186/s13045-016-0365-z
http://dx.doi.org/10.1002/cncr.24060
http://dx.doi.org/10.2967/jnumed.111.094458
http://dx.doi.org/10.1016/j.ejca.2011.10.033
http://dx.doi.org/10.2967/jnumed.111.095257
http://dx.doi.org/10.2967/jnumed.108.057307
http://dx.doi.org/10.1200/JCO.2003.01.144
http://dx.doi.org/10.1056/NEJMoa050753
http://dx.doi.org/10.1093/annonc/mdi369
http://dx.doi.org/10.1200/JCO.2003.10.038
http://dx.doi.org/10.1001/jama.290.16.2149
http://dx.doi.org/10.4137/BIC.S27483
http://dx.doi.org/10.3389/fonc.2016.00152
http://dx.doi.org/10.1007/s00280-013-2356-x
http://dx.doi.org/10.2967/jnumed.110.078261
http://dx.doi.org/10.1158/1078-0432.CCR-11-0868
http://dx.doi.org/10.1158/1078-0432.CCR-11-0868
http://dx.doi.org/10.1200/JCO.2010.32.4939
http://dx.doi.org/10.1158/1078-0432.CCR-07-4074
http://dx.doi.org/10.7326/0003-4819-158-4-201302190-00009
http://dx.doi.org/10.1002/sim.1303
http://dx.doi.org/10.1097/RLU.0b013e3182639747
http://dx.doi.org/10.1371/journal.pone.0087629
http://dx.doi.org/10.1158/1078-0432.CCR-10-2763
http://dx.doi.org/10.1158/1078-0432.CCR-10-2763
http://dx.doi.org/10.1007/s00259-016-3433-2
http://dx.doi.org/10.1016/j.cllc.2014.01.001
http://dx.doi.org/10.1016/j.lungcan.2016.01.024
http://dx.doi.org/10.1016/j.tranon.2016.09.003
http://dx.doi.org/10.1016/j.lungcan.2007.08.012
http://dx.doi.org/10.1148/radiol.2015141309
http://dx.doi.org/10.2967/jnumed.113.130674
http://dx.doi.org/10.1097/JTO.0b013e3181a99fde
http://dx.doi.org/10.2967/jnumed.110.076224
http://dx.doi.org/10.2967/jnumed.111.092544
http://dx.doi.org/10.1007/s00259-012-2118-8
http://dx.doi.org/10.1245/s10434-014-3791-6
http://dx.doi.org/10.1245/s10434-014-3791-6
http://dx.doi.org/10.1371/journal.pone.0053081

	Prognostic value of early response assessment using (18F)FDG-PET in patients with advanced non-small cell lung cancer treated with tyrosine-kinase inhibitors
	Abstract
	Introduction
	Materials and methods
	Literature search strategy
	Study selection and data extraction
	Quality assessment
	Outcome measures and data analysis

	Results
	Literature search and study characteristics
	Meta-analysis
	Sensitivity analysis
	Quality assessment

	Discussion
	Conclusions
	References


