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Abstract
Over recent years, [18F]-fluorodeoxyglucose positron 
emission tomography acquired together with low dose 
computed tomography (FDG-PET/CT) has proven its 
role as a staging modality in patients with non-small 
cell lung cancer (NSCLC). The purpose of this review 
was to present the evidence to use FDG-PET/CT for 
response evaluation in patients with NSCLC, treated 
with epidermal growth factor receptor (EGFR)-tyrosine 
kinase inhibitors (TKI). All published articles from 1 
November 2003 to 1 November 2013 reporting on 18F-
FDG-PET response evaluation during EGFR-TKI treat-
ment in patients with NSCLC were collected. In total 7 
studies, including data of 210 patients were eligible for 
analyses. Our report shows that FDG-PET/CT response 

during EGFR-TKI therapy has potential in targeted 
treatment for NSCLC. FDG-PET/CT response is asso-
ciated with clinical and radiologic response and with 
survival. Furthermore FDG-PET/CT response monitoring 
can be performed as early as 1-2 wk after initiation of 
EGFR-TKI treatment. Patients with substantial decrease 
of metabolic activity during EGFR-TKI treatment will 
probably benefit from continued treatment. If meta-
bolic response does not occur within the first weeks of 
EGFR-TKI treatment, patients may be spared (further) 
unnecessary toxicity of ineffective treatment. Refining 
FDG-PET response criteria may help the clinician to 
decide on continuation or discontinuation of targeted 
treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-small cell lung cancer; Epidermal 
growth factor receptor-tyrosine kinase inhibitors thera-
py; Positron emission tomography-computed tomogra-
phy; Computed tomography; Response monitoring

Core tip: Our report shows that response monitoring 
using [18F]-fluorodeoxyglucose positron emission to-
mography (FDG-PET) acquired together with low dose 
computed tomography has potential in targeted treat-
ment for non-small cell lung cancer and can be per-
formed as early as 1-2 wk after initiation of treatment. 
Patients with substantial decrease of metabolic activity 
during epidermal growth factor receptor-tyrosine kinase 
inhibitors treatment will probably benefit from contin-
ued treatment. Refining FDG-PET response criteria may 
help the clinician to decide on continuation or discon-
tinuation of targeted treatment. 
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INTRODUCTION
Over recent years, [18F]-fluorodeoxyglucose positron 
emission tomography acquired together with low dose 
computed tomography (FDG-PET/CT) has proven its 
role as a staging modality in patients with non-small cell 
lung cancer (NSCLC)[1-3]. In addition, FDG-PET/CT has 
been evaluated as a method to monitor tumor response 
to chemotherapy. Several studies demonstrated that 
FDG-PET/CT is able to predict response to treatment 
in various malignancies, i.e., breast cancer[4,5], malignant 
lymphoma[6,7] and colorectal cancer[8]. Diagnostic CT 
has been the clinical standard for response evaluation in 
NSCLC. There is an ongoing discussion on the perfor-
mance of  FDG-PET/CT as compared to CT[9-11]. 

With advances in molecular research, molecular-
targeted agents such as epidermal growth factor receptor 
(EGFR)-tyrosine kinase inhibitors (TKI) have emerged 
for the treatment of  (advanced) NSCLC. EGFR-TKIs 
are able to induce swift responses in selected groups of  
NSCLC patients and TKI treatment is associated with 
survival benefit when given as second-line treatment in 
unselected patients[12]. It blocks the tyrosine kinase do-
main of  the EGFR, thereby inhibiting downstream sig-
naling pathways involved in cell proliferation, angiogen-
esis, invasion and metastasis and prevention of  apoptosis. 
They can be orally administered, have a relatively favor-
able toxicity profile, and are registered for the treatment 
of  patients with advanced (chemotherapy-refractory) 
NSCLC[13]. 

The probability of  response to EGFR–TKIs is 
considerably higher in patients with EGFR-mutated tu-
mors[14-16]. However, prediction of  response is suboptimal 
by mutation analysis only[17,18]. It is known, that several 
patients without apparent sensitizing EGFR mutations 
do benefit from erlotinib therapy[19]. This may be due to 
heterogeneity within the tumor or the limitations of  bi-
opsy analysis not always showing relevant mutations. On 
the other hand, patients who do not respond to EGFR-
TKI’s, despite the presence of  activating mutations, could 
be spared unnecessary toxicity and costs. Therefore early 
decision making as to the effect of  treatment is essential.

In this perspective, we present the evidence to use 
FDG-PET/CT for response evaluation in patients with 
NSCLC, treated with EGFR-TKI. 

SEARCH
Study eligibility and identification
We performed a systematic computerized search of  
the of  PubMed and Medline databases (last search: 01 
November 2013) and the Cochrane library (Issue 10, 31 
October 2013) to identify all published articles from 01 

November 2003 to 01 November 2013 reporting on 
18F-FDG-PET response evaluation during EGFR-TKI 
treatment in patients with NSCLC, using the algorithm: 
[(Non-Small Cell Lung Carcinoma OR NSCLC) AND 
(Epidermal Growth Factor Receptor OR EGFR) AND 
(Diagnostic Imaging) AND (18-FDG PET)]. We also 
hand-searched journals known to publish data relevant to 
our search, the reference lists of  all articles we recovered 
and those of  relevant review articles were also cross-ref-
erenced. Experts in the field were contacted to broaden 
our yield of  potentially eligible articles. Whenever several 
reports pertained to overlapping groups of  patients, 
we retained only the report with the largest number of  
events or largest patient population (where appropriate) 
to avoid duplication of  information.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) histologically 
proven NSCLC; (2) use of  18F-FDG as a tracer; (3) use 
of  an 18F-FDG-PET/CT scanning apparatus in humans; 
(4) use of  EGFR-TKI; and (5) articles reported in Eng-
lish.

Studies examining EGFR-targeted agents in combina-
tion with other agents were considered eligible, as were 
single agent anti-EGFR studies, whether they were single 
arm non-randomised studies, phase Ⅱ or Ⅲ randomised 
studies, prospective studies, or retrospective studies. Ab-
stracts, meeting proceedings and case reports, defined 
as studies reporting on fewer than five patients, were ex-
cluded. When datasets were incomplete for required data, 
corresponding authors were contacted; however, no ad-
ditional data were obtained by this process. Our literature 
search was limited to published studies.

Data extraction
The following information was manually extracted from 
each recovered article: first author, journal and year of  
publication, number of  patients screened, EGFR mu-
tational rate, stage of  disease correlations with clinico-
pathologic and demographic data (i.e., smoking status, 
history, gender, histologic type), and also for data to treat-
ment outcome [i.e., CR, PR CR + PR, stable disease (SD), 
progressive disease (PD), and nonassessable patients] 
with the TKIs gefitinib and erlotinib when administered 
as single agent, i.e., monotherapy TKI. No stratification 
has been made according to TKI with respect to re-
sponse data. Information recorded about each recovered 
reference is listed in Table 1. Data extraction was done 
independently by two of  the authors (MG and TA) and 
discrepancies were resolved by consensus including a 
third author (HK). 

RESEARCH
During the search period, a total of  20 articles of  poten-
tial interest have been screened for 18F-FDG-PET/CT 
response evaluation during EGFR-TKI treatment in pa-
tients with NSCLC. Of  these, 13 were excluded because 
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they did not meet the defined inclusion criteria. In total, 
data of  210 patients were eligible for analyses[11,20-25]. The 
characteristics of  eligible studies are summarised in Table 
1.

FDG-PET/CT and response
The majority of  studies used European Organization for 
Research and Treatment of  Cancer (EORTC) criteria to 
determine response[26] (Tables 2 and 3). Cut-off  values to 
determine response varied from 15% to 30% change in 
SUVmax between baseline and response FDG-PET/CT 
scan. Median cut-off  value was 15%. Time between ini-
tiation of  EGFR-TKI therapy and response FDG-PET/
CT scan varied from 2-78 d[11,14,20-25]. 

FDG-PET/CT vs diagnostic CT
Four studies analysed FDG-PET and CT according to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
criteria for response (Tables 2 and 3). There was a large 
variety in days between initiation of  EGFR-TKI therapy 
and response FDG-PET/CT scan (2-56 d) and response 
CT scan (28-84 d). However all studies showed that 
FDG-PET response correlated with CT response. The 
majority of  patients with response on FDG-PET/CT 
scan also showed response on CT-scan. In addition, zero 
patients with progressive disease on FDG-PET/CT scan 
had a response on CT-scan[11,14,22,24,25]. 

FDG-PET/CT and progression free survival 
Four studies reported on progression free survival 
(PFS)[11,22,23,25] (Tables 2 and 3). In general, patients with 
metabolic response showed a prolonged progression 

free survival varying from 3.0 to 8.7 mo. Mileshkin et 
al[11]  showed that response at FDG-PET/CT on day 14 
was associated with improved PFS using EORTC criteria 
and Wahl et al[27] using Response Criteria in Solid Tumors 
(PERCIST). In addition Zander et al[22] reported the same 
association on day 7. Takahashi et al[25] found no signifi-
cant relation at 2 d using a cut-off  value of  30%, how-
ever when a cutoff  value of  20% was used, metabolic 
responders had significantly longer PFS compared with 
metabolic non-responders.

FDG-PET/CT and overall survival
Five studies reported on metabolic response and overall 
survival (OS)[11,22-25] (Tables 2 and 3). Metabolic response 
was associated with improved OS. Both Mileshkin et al[11] 
and Zander et al[22] reported early FDG-PET/CT re-
sponse (resp. 14 d, 7 d) to be significantly associated with 
longer OS. Metabolic response as shown during later 
FDG-PET/CT evaluation (resp. 56 d, 42 d) was also as-
sociated with longer survival, although this trend was not 
statistically significant. Similarly O’ Brien et al[24] reported 
that responders on FDG-PET/CT scan at 42 d lived lon-
ger than patients with metabolic stable disease. Takahashi 
et al did not find significant survival differences between 
metabolic responders and non-responders. 

FDG-PET/CT EGFR
Forty-eight patients (23%) had an EGFR mutant tumor 
(Table 4). In one study patients were selected based on 
EGFR mutation. As shown before, patients with an 
EGFR mutant tumor were more likely to respond to 
EGFR therapy and thus to have response on FDG-
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Table 1  Patient characteristics n (%)

Ref. Year of 
publication

n Age, 
yr 

M/F Study type Study protocol FDG 
response

Stage of 
disease

Histology EGFR Selection

Riely et al[20] 2007 13 56 2/11 Prospective 21 d after stopping and 
21 d after restarting 

     Ⅳ Adenocarcinoma 11 (85)
Other (including NOS) 2 (15)

Only EGFR 
mutated tumors

Aukema et al[21] 2010 23 63 8/15 Prospective After 7 d   Ⅰ-Ⅲ Adenocarcinoma 17 (73)
Other 6 (26)

No selection

Mileshkin et al[11] 2011 51 61 30/21 Prospective After 14 d and 56 d Ⅲ - Ⅳ Adenocarcinoma 37 (72)
Squamous cell carcinoma 8 (16)

Large-cell carcinoma 1 (2)
Other (including NOS) 5 (10)

No selection

Zander et al[22] 2011 34 61 17/17 Prospective After 7 d and 42 d      Ⅳ Adenocarcinoma 26 (76)
Squamous cell carcinoma 4 (12)

Large cell carcinoma 1 (3)
Bronchioloalveolar carcinoma 3 (9)

No selection

Benz et al[23] 2011 22 64 6/16 Prospective After 14 d and 78 d Ⅲ - Ⅳ Adenocarcinoma 17 (78)
Squamous cell carcinoma 3 (14)

Other (including NOS) 1 (4)
Large cell carcinoma 1 (4)

No selection

O'Brien et al[24] 2012 47 63 18/29 Prospective After 42 d Ⅲ - Ⅳ Adenocarcinoma 28 (60)
Squamous cell carcinoma 6 (13)

Bronchioalveolar carcinoma 7 (14)
Other (including NOS) 6 (13)

No selection

Takahashi et al[25] 2012 20 69 5/15 Prospective After 2 d and 28 d Ⅲ - Ⅳ Adenocarcinoma 20 (100) No selection

FDG: [18F]-fluorodeoxyglucose; EGFR: Epidermal growth factor receptor. 



difficulty increases in the preoperative setting where at-
tempts at tumor classification in small diagnostic samples 
are hampered by the paucity of  tumor cells and the ab-
sence of  tissue architecture[30]. Although the efficacy of  
EGFR–TKIs is higher in patients with EGFR-mutated 
tumors, prediction of  response is not optimal by muta-
tion analysis only. It is known, that several patients with-
out sensitizing EGFR mutations do benefit from EGFR-
TKI therapy. This may be due to heterogeneity within the 
tumor and biopsies will not always show relevant muta-
tions[31]. Tumor response monitoring is of  value since 
unnecessary toxicity and additional cost of  administering 
ineffective treatment can be avoided, especially if  moni-
toring is feasible and informative early during treatment. 

For categorization of  metabolic response, varying 
response criteria were used (EORTC, PRECIST). Dif-
ferent cut-off  values were used between studies, result-
ing in suboptimal comparison. However overall, results 

PET[11,23,25].  

DISCUSSION
This review summarizes the available data regarding the 
potential of  FDG-PET/CT to predict or monitor treat-
ment efficacy and the relation of  metabolic data to clini-
cal outcome in NSCLC patients who are treated with 
EGFR-TKIs. Our report shows that FDG-PET/CT 
response during EGFR-TKI therapy is associated with 
clinical and radiologic response and with survival. FDG-
PET shows informative results as early as 7-14 d after 
initiation of  treatment .

This report includes a heterogeneous group of  
NSCLC subtypes. Over time, it has been come clear that 
adenocarcinomas are more likely to respond to EGFR-
TKI treatment[28]. However, histological classification of  
squamous-cell and adenocarcinoma is challenging[29]. This 
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Table 2  Early [18F]-fluorodeoxyglucose positron emission tomography acquired together with low dose computed tomography 
reponse results \< 21 d

Ref. Year of 
publication

 n SUV Response 
criteria

FDG response 
time

Cut-off 
value

FDG response, 
n  (%)

FDG-PET/CT vs  RECIST PFS OS

Riely et al[20] 2007 13 Max EORTC 21 d 15% PR 6 (46)
SD 7 (54)

Aukema et al[21] 2010 22 Max EORTC   7 d 25% PR 6 (26)
SD 16 (70)
PD 1 (4)

Mileshkin et al[11] 2011 51 Max EORTC 14 d 15% PR 13 (26)
SD 17 (33)
PD 21 (41) 

FDG PR: PR 4 SD 7 PD 2
FDG SD: PR 0 SD 12 PD 5
FDG PD: PR 0 SD 7 PD 14 

R 5.5 mo
NR 2.5 mo

R 11.6 mo
NR 7.6 mo

Zander et al[22] 2011 34 Peak EORTC   7 d 30% PR 8 (24)
SD/PD 26 (76)

FDG PR: PR/SD 6 PD 2
FDG SD/PD: PR/SD 5 PD 21

R 7.8 mo
NR 1.5 mo

R 16.1mo
NR 3.4mo

Benz et al[23] 2011 22 Max PRECIST 14 d 30% PR 6 (27)
SD 7 (32)
PD 9 (41)

R 11.1 mo
NR 2.4 mo

R 16.4 mo
NR 14.7 mo

Takahashi et al[25] 2012 20 Max EORTC   2 d 25% PR 10 (50)
SD 8 (40)
PD 2 (10)

FDG PR: PR 8 SD 2 PD 0
FDG SD: PR 2 SD 5 PD 1
FDG PD: PR 0 SD 1 PD 1 

R 10.4 mo
NR 1.7 mo

FDG: [18F]-fluorodeoxyglucose positron emission tomography acquired together with low dose computed tomography; RECIST: Response Evaluation Cri-
teria in Solid Tumors; PFS: Progression free survival; EORTC: European Organization for Research and Treatment of Cancer.

Table 3  Late [18F]-fluorodeoxyglucose positron emission tomography acquired together with low dose computed tomography 
response > 21 d

Ref. Year of 
publication

n SUV Response 
criteria

Cut-off 
value

FDG response 
time

FDG Response
n  (%)

FDG-PET vs  RECIST PFS OS

Mileshkin et al[11] 2011 51 Max EORTC 15% 56 d PR 8 (16)
SD 12 (23)
PD 31 (61)

FDG PR: PR 4 SD 4 PD 0
FDG SD: PR 0 SD 11 PD 1
FDG PD: PR 0 SD 11 PD 20

R 6.5 mo
NR 2.7 mo

R 11.9 mo
NR 7.6 mo

Zander et al[22] 2011 34 Peak EORTC 42 d n/a n/a
Benz et al[23] 2011 22 Max PRECIST 78 d n/a n/a
O'Brien et al[24] 2012 47 Max EORTC 25% 42 d PR 15 (32)

SD 8 (17)
PD 15 (32)
NE 9 (19)

FDG PR: PR 11 SD 2 PD 2
FDG SD: PR 0 SD 4 PD 4
FDG PD: PR 0 SD 2 PD 7 

Takahashi et al[25] 2012 20 Max EORTC 28 d n/a n/a

FDG: [18F]-fluorodeoxyglucose positron emission tomography acquired together with low dose computed tomography; RECIST: Response Evaluation Cri-
teria in Solid Tumors; PFS: Progression free survival; EORTC: European Organization for Research and Treatment of Cancer; n/a: Not applicable.



suggest that any significant metabolic response on FDG-
PET/CT is associated with radiologic response later 
on and longer survival. For example, Mileshkin et al[11] 
and Benz et al[23] show similar distributions of  response 
relations using different cut-off  values 15% vs 30% and 
different response criteria. As natural variability (repeat-
ability) of  FDG-PET is also relevant for implementation 
of  response assessment, lower cut-off  values (15%-20%) 
may increase false positive results for identification of  
response[9]. 

Furthermore there is no consensus regarding the op-
timal timing in performing FDG-PET/CT after initiation 
of  treatment. Several authors suggest that in advanced 
NSCLC metabolic response on FDG-PET/CT scan as 
early as 1-2 wk after chemotherapy can predict progres-
sion free survival and overall survival17,26-29]. In this review 
with studies on EGFR-TKI’s, Mileshkin et al[11] and Zan-
der et al[22] found significant associations of  early response 
(day 14, day 7) with survival data. Other authors report 
the same trend. However, changing FDG-uptake on PET 
(early) during treatment may reflect all kinds of  tissue re-
actions, as tumor regression (or progression) but also se-
nescence, fibrosis formation, and inflammatory reactions 
as macrophage infiltration. 

Several authors in this report use RECIST criteria 
as golden standard for response evaluation. However 
early diagnostic CT for response evaluation in EGFR-
TKI therapy has severe limitations. EGFR-TKI therapy 
is expected to induce response via cytostasis rather than 
objective morphologic response[32]. RECIST is further 
confounded by structural abnormalities, before and after 
treatment, which may not actually contain tumor[33]. In 
this report all early FDG-PET-CT responses were associ-
ated with CT responses (according to RECIST), when 
CT was performed after a period of  28-84 d presuming 
that morphologic response have took place[11,22,24,25].

Presumably, in patients with NSCLC treated with 
EGFR-TKI’s, the potential value of  FDG-PET/CT re-
sponse monitoring is best described by its possibilities of  
early response identification. If  metabolic response does 
not occur within the first weeks of  EGFR-TKI treat-
ment, patients may be spared (further) unnecessary toxic-

ity of  ineffective treatment. Furthermore, even disregard-
ing EGFR mutation, metabolic response during EGFR-
TKI treatment is associated with favorable (progression 
free) survival[11,22-25]. 

Concluding, our report shows that response monitor-
ing using FDG-PET/CT has potential in targeted treat-
ment for NSCLC and can be performed as early as 1-2 
wk after initiation of  treatment. Patients with substantial 
decrease of  metabolic activity during EGFR-TKI treat-
ment will probably benefit from continued treatment. Re-
fining FDG-PET response criteria may help the clinician 
to decide on continuation or discontinuation of  targeted 
treatment. 
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