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Abstract

Purpose: The aim of this prospective study was to evaluate whether [18F]FDG-PET/CT, performed within two weeks of
starting erlotinib therapy can predict tumor response defined by RECIST 1.1 criteria after 8 weeks of treatment in patients
with inoperable (stage IIIA to IV) non-small cell lung cancer patients.

Patients and Methods: Three [18F]FDG-PET/CT scans were acquired in 12 patients before (564 days) and after 963 days
(early PET) and 6066 days (late PET) of erlotinib therapy. Conventional evaluation, including at least chest CT (baseline
versus after 8 weeks of treatment), was performed according to RECIST 1.1 criteria. Change in [18F]FDG uptake was
compared with conventional response, progression-free survival (PFS), and overall survival (OS).

Results: By using ROC analysis, the Area Under the Curve for prediction of metabolic non-progressive disease (mNP) by early
PET was 0.86 (95% CI, 0.62 to 1.1; P = 0.04) at a cut-off of 21.6% reduction in maximum Standardized Uptake Value (SUVmax).
This correctly classified 11/12 patients (7 with true progressive disease; 4 with true non-progressive disease; 1 with false
progressive disease). Non-progressive disease after 8 weeks of treatment according to RECIST 1.1 criteria was significantly
more frequent in patients classified mNP (P = 0.01, Fisher’s exact test). mNP patients showed prolonged PFS (HR = 0.27; 95%
CI, 0.04 to 0.59; P,0.01) and OS (HR = 0.34; 95% CI, 0.06 to 0.84; P = 0.03). Late PET analysis provided concordant results.

Conclusion: Morphologic response, PFS and OS survival in non-small cell lung cancer patients can be predicted by [18F]FDG-
PET/CT scan within 2 weeks after starting erlotinib therapy.
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Introduction

Lung cancer is the leading cause of cancer-related death in both

Europe[1] and the United States of America.[2] The most

common forms of lung cancer are non-small cell lung cancer

(NSCLC) histological subtypes. Systemic chemotherapy has

contributed to a significant improvement in NSCLC therapy,

but progress appears to be stagnating.[3,4] Over the last decade, a

better knowledge of cellular pathways has allowed the develop-

ment of new therapies based on NSCLC-driving genetic

abnormalities. Targeted therapies have been developed to block

pathological cellular pathways involved in cancer cell survival,

proliferation and metastasis. Epidermal Growth Factor Receptor

(EGFR) is overexpressed in NSCLC[5] and has been extensively

studied as a potential therapeutic target. Two EGF Receptor

blockers, gefitinib and erlotinib, have been demonstrated to be

effective in front-line therapy in patients with inoperable NSCLC

harboring EGFR-activating mutations.[6,7] Erlotinib is also

authorized after failure of previous chemotherapy and as

maintenance therapy.[8,9]

In clinical practice, evaluation of tumor response is based on

changes in tumor size, according to criteria proposed by the World

Health Organization[10] or RECIST criteria.[11,12] This mor-

phological evaluation may lead to underestimation of the efficacy

of cytostatic therapeutic agents such as erlotinib that stabilize the

disease in non-mutated patients, whereas conventional cytotoxic

drugs induce shrinkage of tumor dimensions in the case of tumor

response. NSCLC tumor size evaluation can also be difficult due

to atelectasis of normal lung. The major limitations to morpho-
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logical imaging methods are their inability to assess response to

therapy at an early stage and their inability to identify cancer in

residual masses after treatment.

In patients with NSCLC, [18F]FDG-PET has been recognized

as an adequate staging tool[13,14] and several studies also suggest

that the standardized uptake value (SUV) has a prognostic value in

NSCLC.[15,16] The value of SUV for evaluation of tumor

response to targeted therapy is currently being investigated. We

designed a preliminary study to evaluate tumor response in

NSCLC patients eligible for erlotinib therapy. The aim of this

prospective study was to determine whether [18F]FDG-PET/CT,

performed several days after starting erlotinib therapy, could

predict tumor response defined by RECIST 1.1 criteria and

[18F]FDG-PET/CT after 8 weeks of treatment.

Materials and Methods

Patients
Twelve consecutive eligible patients with stage IIIA to IV

NSCLC (7 adenocarcinomas, 3 large cell carcinomas, 2 squamous

cell carcinomas), in whom erlotinib therapy was indicated, were

studied at the Angers University Hospital, France. Screening for

EGF receptor mutations was carried out (patient characteristics

are shown in Table 1). Eligibility criteria were: histologically or

cytologically proven NSCLC; unresectable stage III/IV disease or

recurrent disease after surgery; age over 18 years; measurable

disease according to RECIST 1.1 criteria; Eastern Cooperative

Oncology Group (ECOG) performance status between 0 to 2;

adequate bone marrow function, liver function, and renal

function. Patients were not included if they had previous lung

diseases such as interstitial pneumonitis or lung fibrosis identified

by chest Computed Tomography (CT) scan or diabetes mellitus

that could artefact PET imaging. Life expectancy was predicted to

be longer than 12 weeks. Erlotinib was administered orally in a

dosage of 150 mg/day on an empty stomach until clinical disease

progression, unacceptable toxicity or patient refusal. The medical

ethics committee of the CHU of Angers approved the study

protocol. All patients gave informed written consent before

inclusion according to local medical ethical committee regulations

and in accordance with the guidelines established by the World

Medical Association Declaration of Helsinki.

Work Plan (study design)
[18F]FDG PET/CT imaging. Three [18F]FDG PET/CT

scans were planned: PET1 before starting therapy, PET2 within 2

weeks after starting therapy and a third [18F]FDG PET/CT scan

(PET3) 8 weeks after starting erlotinib therapy.

PET/CT examinations were obtained in 2D mode from the

vertex to mid-thighs (5 minutes of emission scan per bed position

with an average of 7 bed positions at 15 cm intervals) (Discovery-

ST, GE Healthcare, France). Patients were instructed to fast for at

least 6 hours prior to scanning.

Unenhanced CT scan was performed from the skull base to the

upper thighs. CT parameters were 120 kVp, 100 mAs, 0.8 second

rotation, 3.27 mm slice collimation, and Pitch 1.5.

CT data were used for attenuation correction, and PET images

were reconstructed by clinical standard 2D-iterative algorithm

(ordered subset expectation maximization using 4 iterations and

16 subsets; zoom 100%; image matrix size: 1286128; and

Gaussian post-smoothing of 5 mm in full width at half maximum).

No corrections for partial volume effect, lean body mass, or

blood glucose levels were applied.

Conventional evaluation. Conventional staging and follow-

up were performed according to standards of care.[11,12]

Conventional evaluation included at least clinical examination

plus CT scan performed before (CT1; 766 days) and 8 weeks after

(CT2; 5868 days) starting erlotinib therapy. None of the patients

underwent additional CT scanning during the 2 weeks after

starting erlotinib therapy.

Chest, abdomen and pelvis CT scans (Brillance 64 PHILIPS

Medical SystemH, France) were acquired from the lung apex to the

symphysis pubis after an intravenous embolus of 130 mL of

iodinated contrast agent (Xenetix350H). Helical scanning param-

eters were 130 kVp, 120 mAs, 1 second rotation, 4 mm slice

collimation, 8 mm/s bed speed and 3 mm section width.

Table 1. Clinical characteristics of the study population.

Patients

Male 6 (50)

Female 6 (50)

Total 12 (100)

Histology

Adenocarcinoma 7 (58)

Large cell carcinoma 3 (25)

Squamous cell carcinoma 2 (17)

Clinical stage

IIIA or IIIB 2 (17)

IV 10 (83)

Smoking status

Current 5 (42)

Former 2 (17)

Never 5 (42)

EGFR mutation status

Presence 2 (17)

Absence 10 (83)

Previous chemotherapy

Yes 10 (83)

No 2 (17)

Size of primary tumor (cm)

1.0–2.0 4 (33)

2.1–3.0 3 (25)

3.1–5.0 5 (42)

.5.1 1 (8)

Metastasis

Lymph nodes 12 (100)

Lung 4 (33)

Liver 2 (17)

Bone 4 (33)

Adrenal glands 0

doi:10.1371/journal.pone.0087629.t001
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Image analysis and response evaluation
CT data were interpreted by two experienced physicians

specialists in thoracic oncology blinded to PET/CT results

according to the Response Evaluation Criteria in Solid Tumors

(RECIST 1.1 criteria[12]) by comparison of baseline CT scan

(CT1) and final CT scan (CT2). Therapeutic response evaluation

was defined as: 1) complete response (CR: disappearance of all

target lesions); 2) partial response (PR: at least 30% decrease in the

sum of the longest diameter of five target lesions); 3) progressive

disease (PD: at least a 20% increase in the sum of the longest

diameter of five target lesions); and 4) stable disease (SD: neither

sufficient shrinkage to qualify for PR nor sufficient increase to

qualify for PD). Patients were then classified in the progressive

disease (P) group or the non-progressive disease (NP) group,

including CR, PR and SD therapeutic response.

[18F]FDG PET interpretation was performed on an ImagysH

workstation (Keosys, Saint-Herblain, France), qualitatively and

semi-quantitatively by two experienced nuclear medicine physi-

cians, blinded to clinical and conventional evaluation results. Any

focus of increased [18F]FDG uptake over background not located

in areas of normal [18F]FDG uptake and/or [18F]FDG excretion

Table 2. CT and PET assessments of response rates, OS and PFS.

Patient PET2 versus PET1 PET3 versus PET1 RECIST 1.1 Evaluation PFS OS New lesion

D SUVmax
* D SUVpeak

* D SUVmax
* D SUVpeak

*
Response to
Treatment

Progressive (P)
or not (NP) days days on PET3

#1 221.6 217.6 18.6 21.5 SD NP 267 915 2

#2 25.9 26.9 70.3 77.4 PD P 57 316 +

#3 9.0 7.6 23.4 23.3 PD P 216 447 +

#4 218.6 215.0 23.2 22.6 PD P 67 414 +

#5 220.3 211.1 42.1 51.1 PD P 53 152 +

#6 256.7 259.9 272.1 270.6 PR NP 190 296 2

#7 222.0 226.0 231.3 224.3 SD NP 727 1249 +

#8 232.0 225.1 3.9 23.9 SD NP 317 1146 2

#9 16.4 7.8 25.4 210.8 SD NP 77 359 2

#10 2.1 4.4 MD MD PD P 37 92 MD

#11 36.1 20.0 30.3 25.7 PD P 104 734 2

#12 27.2 210.5 MD MD PD P 61 71 MD

*For patient with more than one tumor lesion, the sum of SUVmax and of SUVpeak were calculated and used for the evaluation of changes between PET1 and PET2 (or
between PET1 and PET3). Missing data are indicated as MD.
doi:10.1371/journal.pone.0087629.t002

Figure 1. Percentage change in SUVmax on 18F-FDG PET/CT (cut-off: 221.6%) within 2 weeks of starting erlotinib therapy in
relation to conventional imaging response. Each red or green bar represents a patient NP or P, respectively.
doi:10.1371/journal.pone.0087629.g001
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was considered to be positive for tumor. For semi-quantitative

analyses of [18F]FDG uptake, 3D regions of interest (VOIs) were

placed over all lesions considered to be positive for tumor by using

ImagysH software (Keosys, France). The maximum standardized

uptake value (SUVmax) was calculated using the single hottest

pixel inside the tumor VOI. SUV peak was also calculated using a

1.2 cm diameter spherical VOI containing the SUVmax. Bone

lesions were not taken into account, as they were considered to be

non-measurable lesions.

For patients with more than one tumor lesion, the sum of

SUVmax and SUVpeak were calculated and used for evaluation

of changes between PET1 and PET2. PET measurements were

performed in up to a maximum of five measurable target lesions.

All SUVs were normalized to the injected dose and patient body

weight. The percentage changes in SUV between PET1 and

PET2 were finally calculated as follows: DSUV = (SUV12SUV2)/

SUV1. The same protocol was used for PET1 and PET3.

Statistical analysis
Data are expressed as mean6SD, excepted for survival data

that were expressed as the median. The primary endpoint of the

study was comparison of changes in tumor [18F]FDG uptake on

PET2 versus PET1, PET3 versus PET1 and subsequent CT scan

evaluation at 8 weeks after initiation of erlotinib therapy.

Friedman test was used for non-parametric comparison of

repeated measures. The secondary endpoints were to determine

the Receiver Operating Characteristic (ROC) analysis for

[18F]FDG changes with regard to predicting response to erlotinib

therapy. The relationship between metabolic response (patients

stratified according to the median value of SUV variations) and

clinical response was analyzed by Fisher’s exact test. Progression-

free survival (PFS) and overall survival (OS) were determined by

standard Kaplan-Meier survival analysis, and between-group

comparison was performed by log-rank test. PFS was defined as

the time interval from the date of enrolment in the study until the

first signs of progression. OS was calculated from the date of

enrolment until death from any cause. All analyses were

performed using Graphpad prism version 4.0 b 2004 (Graphpad

Software, San Diego, CA). The limit of significance was set at

0.05.

Results

Population
Twelve eligible patients with NSCLC, 6 women (50%) and 6

men (50%) with a mean age of 60613 years, were included. Two

patients presented tumors harboring an activating Epidermal

Growth Factor Receptor mutation (2573T.G substitution

(p.Leu858Arg) in exon 21 in one patient; deletion (L747_E749del)

in exon 19 in the other patient). Patient characteristics are

described in Table 1. The median duration of erlotinib therapy

was 75 days. Due to rapid progression and death, PET3 and CT3

could not be performed in 2 patients.

Figure 2. Example of a progressive patient on PET (mP) and conventional imaging. Progressive patient with right upper lobe NSCLC
associated with médiastinal lymphadenopathy, lung and bone metastases (patient #2). Sum of the SUVmax of the 5 most hypermetabolic lesions (2
lung lesions, 2 mediastinal lymph nodes, one hilar lesion) were 35.2, 44.3 (+26%) and 59.9 (+70%) for PET1, PET2 (% versus PET1) and PET3 (% versus
PET1), respectively. Based on a SUVmax cut-off value of 221.6, the patient was classified as mP on PET2, in accordance with RECIST evaluation on CT
scan (performed 57 days after starting erlotinib). mP was confirmed on PET3 with the appearance of a new lesion (subcarinal adenopathy) and a 70%
increase of SUVmax.
doi:10.1371/journal.pone.0087629.g002
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Tumor 18F-FDG uptake
The three [18F]FDG PET/CT scans were acquired as follows:

PET1 564 days before starting therapy, PET2 963 days after

starting therapy and PET3 6066 days after starting erlotinib

therapy. Scanning started 68617 min (PET1), 71616 min (PET2)

and 64613 min (PET3) after [18F]FDG injection of 271653 MBq

(PET1), 270661 MBq (PET2) and 263654 MBq (PET3). Blood

glucose level was less than 1.5 g/L for all PET examinations, i.e.

1.160.1 g/L for PET1, 1.160.2 g/L for PET 2 and 1.160.2 g/L

for PET3. Non-parametric Friedman tests did not show any

significant difference between PET1, PET2, and PET3 for FDG

uptake time, injected FDG dose or blood glucose.

Fifty-five lesions were described on PET1 before treatment and

45 lesions were defined as target lesions for PET evaluation of

response to treatment (up to five most hypermetabolic lesions per

patient; mean 3.8 lesions/patient). The mean tumor SUVmax of

the most [18F]FDG–avid lesion (SUVmax) was 10.064.7 for

PET1, and did not vary significantly over time with a mean of

10.166.6 for PET2 and a mean of 9.165.6 for PET3 (P = 0.97).

The SUVpeak was 8.664.3 for PET1, 8.165.4 for PET2, and

7.164.6 for PET3 and did not vary over time (P = 0.60).

No variation over time was observed for the sums of SUV. The

mean sum of tumor SUVmax of all target lesions was 30.1619.5

for PET1, 27.5617.7 for PET2, and 28.3622.4 for PET3

(P = 0.83). Sums of SUVpeak of all target lesions were

22.7614.3 for PET1, 20.6613.4 for PET2, and 22.2618.6 for

PET3 (P = 0.44).

[18F]FDG-PET response versus conventional evaluation
CT scan data were interpreted by chest physicians blinded to

PET/CT scan results (Table 2). Evaluation of response to

treatment according to RECIST 1.1 criteria demonstrated 7

patients with progressive disease (group P) and 5 patients with non-

progressive disease (group NP) including 4 cases of stable disease

(SD) and 1 partial response (PR).

On ROC analysis, the AUC for prediction of non-progressive

disease by PET2 was 0.86 (95% CI, 0.62 to 1.1; P = 0.04),

corresponding to a maximum specificity of 0.80 and sensitivity of

0.86 for non-progressive disease at a cut-off of 21.6% reduction in

SUVmax (Figure 1) and a positive predictive value (PPV) of 0.86, a

negative predictive value (NPV) of 0.80, an accuracy of 0.83 and a

maximum Youden index of 0.65. The use of this SUVmax cut-off

value correctly classified 11/12 patients (7 with true progressive

disease (Figures 2 and 3); 4 with true non-progressive disease

(Figures 4 and 5); 1 with false progressive disease (Figure 6). Non-

progression after 2 months of treatment was significantly more

frequent in patients with an early decrease in SUVmax of 21.6%

or more (P = 0.01, Fisher’s exact test). The only misclassified

patient (patient #9, false progressive disease on PET2 versus

PET1) displayed a 16.4% increase of SUVmax, but metabolic

Figure 3. New subcarinal adenopathy on PET3 (same patient as Figure 2).
doi:10.1371/journal.pone.0087629.g003
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progression was not confirmed on PET3, with a 5.4% decrease of

SUVmax compared to PET1. Similar results were observed for

SUVpeak, as non-progressive disease after 2 months of treatment

was significantly more frequent in patients with a decrease in

SUVpeak of at least 17.6% on PET2 (P = 0.01, Fisher’s exact test).

Similar results were also obtained in terms of AUC, sensitivity,

specificity, PPV, NPV, and accuracy and with the same

classification of patients (7 with true progressive disease; 4 with

true non-progressive disease; 1 with false progressive disease).

In 9/10 patients, semi-quantitative analysis on PET3 revealed

response information concordant with PET2 studies. ROC

analyses were also performed for SUV changes between PET1

and PET3. For SUVmax, sensitivity, specificity, PPV, NPV and

accuracy were 0.8, 1, 0.83, 1 and 0.9, respectively, for an 218.5%

cut-off value and an AUC of 0.76 (95% CI; 0.44 to 1.08; P = 0.17).

For SUVpeak, sensitivity, specificity, PPV, NPV and accuracy

were 1, 0.8, 1, 0.83 and 0.9, respectively, for a 23.9% cut-off

value with an AUC of 0.8 (95% CI; 0.5108 to 1.089; P = 0.12).

Patients were classified identically with SUVmax and SUVpeak (4

with true progressive disease, 5 with true non-progressive disease

and one with false non-progressive disease). Due to the appearance

of new lesions on PET, the patient #7 who was falsely classified as

NP by semi-quantitative analysis of PET was correctly reclassified

as P. Finally, PET3 correctly classified all 10 patients (5 in group P;

5 in group NP) in whom a third [18F]FDG-PET was performed,

when compared with RECIST evaluation (P = .0079, Fisher’s

exact test).

Patient outcome
PFS and OS were 91 and 338 days, respectively. Using the

SUVmax or SUVpeak cut-off defined by ROC analyses on PET2,

patients were classified into 2 groups: metabolic progressive (n = 8;

mP) or metabolic non-progressive (n = 4; mNP). mNP patients

showed prolonged PFS (n = 4; median survival 292 days)

compared to mP patients (n = 8; median 64 days) (HR, 0.27;

95% CI, 0.04 to 0.59; P = 0.007; Figure 7). Improved PFS

observed in mNP patients was followed by prolonged OS (1031

days versus 1249 days; HR, 0.34; 95% CI, 0.06 to 0.84; P = 0.03;

Figure 7). The first patient with EGFR mutation showed a PFS

and OS of only 190 days and 296 days, respectively, due to

erlotinib toxicity (grade IV neurotoxicity) resulting in early

discontinuation of treatment. The second patient with EGFR

mutation achieved the longest PFS and OS (727 and 1249 days,

respectively).

Discussion

Despite the widespread use of [18F]FDG-PET/CT in NSCLC

staging, a large-scale study recently failed to confirm an overall

survival gain in NSCLC patients.[17] This result highlights the

value of [18F]FDG-PET/CT in unmet clinical needs, such as

prediction of residual NSCLC after surgery[18], neoadjuvant

therapy[19] or antineoplastic therapy.[20] Prediction of response

to antineoplastic therapies would appear to be particularly adapted

to targeted therapies that do not induce rapid tumor shrinkage.

NSCLC preclinical models have validated this hypothesis with

both gefitinib[21] and erlotinib.[22] This original method could

compensate for the weakness of RECIST criteria and has led to

Figure 4. Example of an mNP patient. Non-progressive patient with right upper lobe NSCLC associated with mediastinal lymphadenopathy,
lung, liver and bone metastases (patient #6). Sum of the SUVmax of the 5 most hypermetabolic lesions (2 lung lesions, 2 mediastinal lymph nodes,
one liver lesion) were 45.6, 19.7 (256.7%) and 12.7 (272%) for PET1, PET2 (% versus PET1) and PET3 (% versus PET1), respectively. Based on a SUVmax
cut-off value of 221.6, the patient was classified as mNP on PET2, in accordance with RECIST evaluation on CT scan (performed 58 days after starting
erlotinib). mNP was confirmed on PET3 with almost complete extinction of the various lesions and a 72% decrease of SUVmax.
doi:10.1371/journal.pone.0087629.g004
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the proposal of evaluation of new criteria by addition metabolic

evaluation by FDG-PET to CT scan.[23] The value of PET in

evaluation of response to new targeted therapies emerged in the

early 2000 s with the first reports on the efficacy of imatinib

mesylate in Gastro Intestinal Stromal Tumor (GIST). Subse-

quently, many studies have confirmed that PET is able to identify

very early (i.e. only 24 hours after initiation of treatment) a

decrease in glucose metabolism, which is correlated with overall

survival and progression-free survival of patients with

GIST.[24,25]

In the present exploratory study, a decrease in SUVmax of at

least 21.6% soon after starting therapy (963 days) was able to

discriminate progressive from non-progressive patients and was

associated with improved PFS and OS. This result confirms the

results of Mileshkin et al., who showed, in a series of 51 patients

receiving second- or third-line treatment with erlotinib, that an

early (14 days) [18F]FDG-PET partial metabolic response was

associated with improved PFS and OS, even in the absence of

subsequent RECIST response.[26]

Evaluation of response by [18F]FDG-PET can be performed

semi-quantitatively, for instance by establishing a SUV cut-off to

discriminate metabolic progressive patients from non-metabolic

progressive patients. This patient classification (mP/mNP) seems

to be more appropriate to assess response to cytostatic therapy that

is designed to stabilize disease, rather than achieve complete

response. The main difficulty of this approach is the overlap of

SUV changes between mP and mNP patients. Furthermore,

different cut-off variations can be expected depending on the types

of SUV measured, the types of drugs used and the types of tumors,

which increase the difficulty of establishing a reliable SUV cut-off.

However, despite the absence of consensus on the most

appropriate cut-off value, it is generally admitted that the rationale

for metabolic response or non-progression of tumor is decreased

[18F]FDG tumor uptake or at least stability of tumor uptake over

time, respectively.

Another limitation of semi-quantitative analysis of FDG-PET is

that it does not take into account the development of new lesions.

However, PET detection of new lesions early in the course of

therapy has been reported to be a strong, independent predictive

factor of OS in NSCLC patients treated by EGFR inhibitor.[27]

Our findings are consistent with this observation, as new lesions

occurred in 2/8 patients correctly classified as progressive on

Figure 5. Example of left lower lobe pulmonary target lesion (same patient as Figure 4).
doi:10.1371/journal.pone.0087629.g005
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PET2 and in 4/5 patients correctly classified as progressive on

PET3. One patient (patient #7) was reclassified as mP on PET3

due to the appearance of a new lesion, despite a decrease of

SUVmax to below the cut-off value.

As in our study, previous studies failed to demonstrate any

difference between SUVmax and SUVpeak.[22,28] However,

SUVmax remains the standard for semi-quantitative [18F]FDG-

PET assessment, probably because is a parameter that can be

reliably reproduced by independent operators. It is noteworthy

that, in our study, no significant difference in mean SUV values

was observed between PET1, PET2 and PET3, which can be

explained by the nature of the cytostatic therapy.

11/12 patients were correctly classified (P versus NP) by PET2

and 10/10 were correctly classified by PET3 by applying the SUV

cut-off determined by ROC analysis. In 9/10 patients, PET3

revealed response information concordant with PET2. The only

patient with discordant [18F]FDG-PET findings was classified by

SUV analysis as progressive on PET2 and non-progressive on

PET3. Blood glucose, injected dose or uptake time were normal

and/or not significantly different between PET2 and PET3 (1.16

and 1.4 g/l; 261 and 262 MBq; 60 and 75 min, respectively)

excluding any to methodology-related error. A flare-up phenom-

enon could be proposed, as described on several occasions on

[18F]FDG-PET during cytotoxic treatments for squamous cell

carcinoma, in prostate cancer patients with bone metastases[29–

33] and particularly NSCLC patients treated with erlotinib

presenting an osteoblastic bone flare-up response mimicking

disease progression.[34] Benz et al also described a case of flare-

up on early PET in a NSCLC patient treated by erlotinib.[27]

Another explanation is that the P/NP classification probably

increases mismatches of response assessments, related to a

discordant outcome of patients with stable disease.[27]

Our results suggest that therapeutic efficacy, PFS and OS of

erlotinib therapy can be predicted 2 weeks after starting erlotinib.

These data are consistent with the data of a retrospective study

recently published by Kobe et al.[26,35] At the present time,

anticancer therapy is currently monitored in the context of

hormone-sensitive cancers by regular assay of tumor markers (such

Figure 6. Example of a patient with discordant PET2 and conventional imaging. Patient with right upper lobe NSCLC associated with
subcarinal lymphadenopathy and ipsilateral lung metastasis (patient #9). Sum of the SUVmax of the most hypermetabolic lesions (2 lung lesions, 1
mediastinal lymph node) were 25.2, 29.3 (+16.3%) and 23.8 (25.4%) for PET1, PET2 (% versus PET1) and PET3 (% versus PET1), respectively. Based on a
SUVmax cut-off value of 221.6, the patient was classified as mP on PET2, in contrast with RECIST evaluation on CT scan (performed 71 days after
starting erlotinib). This patient was subsequently reclassified as mNP on PET3 in accordance with RECIST evaluation with a 5.4% decrease of SUVmax
(cut-off: 18.5%).
doi:10.1371/journal.pone.0087629.g006
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as prostate-specific antigen in prostate cancer). The efficacy of

hormonal therapy is reflected by a decrease in blood levels of the

marker. When the marker remains elevated, hormonal therapy is

considered to be ineffective and is therefore stopped. Repeated

PET imaging can be considered to be a promising approach to

evaluate cancer therapy such as targeted therapies that do not

induce tumor shrinkage. This new approach appears to be

supported by the results of recent clinical trials. The ‘Tarceva

Versus Docetaxel or Pemetrexed for Second Line Chemotherapy

of Advanced Stage NSCLC’ (TITAN) trial failed to demonstrate

an improvement in OS with erlotinib compared to chemotherapy

in unselected NSCLC patients receiving second-line treatment

(HR = 0.96; 95% CI, 0.78–1.19; p = 0.73).[36] In a similar group

of NSCLC patients, the results of the TAILOR trial indicated a

highly significant increase of PFS in favor of docetaxel (HR = 0.71;

95% CI, 0.53–0.95; p = 0.02) versus erlotinib.[37] We consider

that evaluation of the metabolic response to erlotinib could

provide useful information to rapidly identify patients in whom

erlotinib therapy is ineffective, especially in EGFR patients

without EGFR-activating mutations or unknown status.

[18F]FDG-PET could also become a theranostic tool for clinicians.

By stopping ineffective therapy earlier, physicians can rapidly

propose other drugs to a larger proportion of patients with better

performance status.

This approach could increase the number of patients included

in early trials and accelerate drug development. However, no

medico-economic study has been conducted to determine whether

the additional costs induced by [18F]FDG-PET are compensated

by the decreased costs of drug (erlotinib) and medical care induced

by side effects. Our study highlights the need for more prospective

and randomized studies to evaluate the theranostic use of

[18F]FDG-PET for management of erlotinib therapy in NSCLC,

including medico-economic considerations.

Conclusion

[18F]FDG-PET performed within two weeks of starting erlotinib

therapy (963 days) appears to be able to predict morphologic

response at 2 months according to RECIST criteria. [18]FDG-

PET may be clinically useful for early evaluation of targeted

therapies as a theranostic tool.

Acknowledgments
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