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Abstract
Background: In this study, positron emission tomography-computed tomography
(PET-CT) was used to monitor the maximal standard uptake value (SUVmax) in
advanced lung adenocarcinoma patients with epithermal growth factor receptor
(EGFR) mutation to prove its role in predicting the prognosis of targeted therapy.
Methods: A total of 46 patients with advanced lung adenocarcinoma (IIIb-IV
stage) were enrolled in the current study. They were positive for EGFR mutation. All
patients received gefitinib (250 mg per day, administered orally). PET-CT was con-
ducted prior to (at baseline) and six months after gefitinib administration for the
lesion size and SUVmax. The recommendations of the European Organization for
Research and Treatment of Cancer criteria were chosen for PET assessment. Meta-
bolic response (SUV decline < −25%) was compared with morphologic response
evaluated by CT scan and overall survival.
Result: Compared to patients with △SUV% ≥ 25% (progressive metabolic disease),
the survival time was significantly prolonged in △SUV% < −25% (including com-
plete metabolic response and progressive metabolic disease) (10.6/18.4, P = 0.000),
but was not in −25% ≤ △SUV% < 25% (stable metabolic disease) (10.6/10.7, P =
0.088). Patients who achieved △SUV% < −25% after treatment were associated with
a longer median survival, higher control rate, and better prognosis. There was a
strong correlation between SUV changes (△SUV%) and CT size change (△lesion
size%) (R2 = 0.891, P = 0.000).
Conclusion: Changes in the SUV could be used to predict the prognosis of targeted
therapy in advanced lung adenocarcinoma.

Introduction

Lung cancer is currently the leading cause of cancer death
worldwide. The World Health Organization (WHO) esti-
mates that there will be over one million new cases of lung
cancer annually by 2025 in China. The proportion of lung
adenocarcinoma increases year by year. Most patients with
adenocarcinoma are diagnosed at advanced stage, with
typically poor prognoses and a one-year survival rate of just
20%–50%.1,2

Positron emission tomography-computed tomography
(PET-CT)isanoveldiagnosticdevicebasedonPET,combined
with the merits of anatomical and functional imaging. It can
diagnose lung cancer on the molecular level via standard

uptake value (SUV) analysis. A decrease in fludeoxyglucose
(FDG)uptake in tumorcells canbedetectedearlier thanstruc-
tural changes occur.3 Some researchers have deemed that
changes in the SUV can serve as a potential predictor of sur-
vival in cancer patients.4–6 Nowadays, the platinum-based
doublets are still regarded as the first-line chemotherapy
choice.However,only one third of patients respond to chemo-
therapy.7 Second-line chemotherapy regimens are primarily
docetaxel-based monotherapy. Those patients poorly sensi-
tive to the first- and second-line chemotherapy may have a
poorer prognosis. Gefitinib, an epithermal growth factor
receptor-tyrosine kinase inhibitor (EGFR-TKI), has been
extensively applied in advanced lung cancer cases in recent
years. Numerous studies have shown that Asian female
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patients with lung adenocarcinoma and no smoking history
were more sensitive to gefitinib.8–10 The correlation between
EGFR mutations and EGFR TKI sensitivity has been subse-
quently validated in several studies.11–13Indeed, several clinical
trialsdemonstrate thatmedianprogressionfreesurvival (PFS)
of lung adenocarcinoma patients with gefitinib is at least 5.7
months.14–16 It inhibits the proliferation of tumor cells by
blocking EGFR phosphorylation, allowing for targeted
therapy. Therefore, we asked whether a change in the SUV
could be a predictor for survival in lung cancer patients with
gefitinib therapy.

Patients and methods

Inclusion criteria

Patients were eligible for inclusion in our study if they had
pathologically confirmed advanced lung adenocarcinoma
(IIIb-IV), measurable local or metastatic lesions, EGFR
mutations in exon 19 or 21, failed previous first- or second-
line chemotherapy, and had cancer history. A total of 46
patients hospitalized in the Nanfang Hospital were enrolled
from 1 January to 30 December 30 2008. Patients who died
of non-tumor diseases were excluded. All patients were
followed up.

Methods

All patients received 250 mg gefitinib per day, administered
orally. PET/CT was conducted prior to (at baseline) and six
months after gefitinib administration. Treatment was discon-
tinued if the disease worsened or patients were unable to
tolerate the regimen. △SUV% and △lesion size% were calcu-
lated using the following formulas.

ΔSUV

Post-treatment
SUVmax-Pre-treatment SUVmax

Pre-treatme
% =

nnt SUVmax
1× 00%,

Δlesion size

Post-treatment lesion
size-Pre-treatment lesi

% = oon size

Pre-treatment lesion size
1× 00%.

Efficacy evaluation

Prior to initiation of therapy, PET-CT was conducted for the
site, size, number and SUVmax of lesions. The time point
metabolic response was defined according to the recommen-
dations of the European Organization for Research and
Treatment of Cancer (EORTC) criteria for PET.17,18 Complete
metabolic response (CMR) was achieved when SUVs of all
lesions were decreased to an uptake value equivalent

to the surrounding tissues. Partial metabolic response (PMR)
was defined as a percentage change of the sum of SUVs
(△SUV%) < −25%; stable metabolic disease (SMD) was
−25% ≤ △SUV% < 25%; and progressive metabolic disease
(PMD) was defined as △SUV% ≥ 25%, when the extent of
[18F]FDG increased greater than 20% in the longest dimen-
sion, or when new [18F]FDG uptake appeared in metastatic
lesions. During therapy, CT was conducted every three
months to observe lesion changes. Based on the changes, effi-
cacy was assessed using Response Evaluation Criteria In Solid
Tumors (RECIST) 1.1: complete remission (CR), partial
remission (PR), stable disease (SD) and progressive disease
(PD). The total effective cases consisted of CR, PR and SD.
Progression-free survival (PFS) was assessed from the data of
randomization to the earliest sign of disease progression, as
determined by means of RECIST 1.1, or death from any
cause. Overall survival (OS) was assessed from the data of
randomization until death from any cause.

Statistical analysis

SPSS13.0 was used for statistical analysis. The Wilcoxon test
was used to compare the differences between subgroups.
Survival curves were calculated by the Kaplan-Meier
method and analyzed by log-rank test. To determine inde-
pendent factors that were significantly related to the prog-
nosis, multivariate analysis was performed using the Cox
proportional hazards regression model. The correlation
between △SUV% and △lesion size% was analyzed using the
Spearman correlation method. Agreement between meta-
bolic response on EORTC recommendations and morpho-
logic overall response on RECIST 1.1 on the sixth month
was evaluated using kappa statistics. P < 0.05 was considered
statistically different.

Results

△ Standard uptake value (SUV)% and
clinical factors

The median age was 62 years (range from 34 to 81), and 63%
of patients were female. Clinical and pathological characteris-
tics are shown in Table 1. According to △SUV% and the rec-
ommendations of EORTC, patients were divided into three
groups (CMR+PMR, SMD, PMD) with only one patient
in the CMR group. The correlation between △SUV% and
clinicopathological features is shown in Table 2. Subgroup
analyses were performed to compare △SUV% between
groups defined according to gender, age (< 65 years or ≥65
years), PS (≤1 or ≥2), smoking status, stage (IIIb or IV), and
previous chemotherapy cycles (≤1 or ≥2). Significant associa-
tion between △SUV% and low PS (0–1) (P = 0.015), and non-
smoking history (P = 0.016) were detected.
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The assessment of efficacy

Efficacy was assessed at the third and six months, and PET/CT
was processed whenever symptoms worsened or new symp-
toms appeared. After six months of therapy, two (4.3%),
16 (34.8%), 16 (34.8%) and 12 (26.1%) patients achieved
CR, PR, SD, and PD, respectively. The total effective rate
(CR+PR+SD) was 73.9%. The effective rate was 100.0%,
81.8% and 27.3% in △SUV%<-25% (CMR+PMR), −25% ≤
△SUV% < 25% (SMD), and △SUV% ≥ 25% (PMD), respec-
tively (P = 0.000) (Table 2). The effective rate significantly
increased when △SUV% was less than 25%.

Table 1 Patients’ characteristics

Characteristics Number of patients %

Gender
Male 17 37.0
Female 29 63.0

Median age (range) 62 (34–81)
Stage (UICC)

IIIb 13 28.3
IV 33 71.7

PS
0 10 21.7
1 15 32.6
2 10 21.7
3–4 11 24.0

Smoking history
Yes 16 34.8
No 30 65.2

Chemotherapy cycle
1 10 21.7
2 10 21.7
≥ 3 26 56.6

PS, performance status; UICC Union for International Cancer Control.

Table 2 Wilcoxon test between △standard uptake value (SUV)%
(according to the European Organization for Research and Treatment of
Cancer) and clinical factors

Clinical factors

△SUV%

P

△SUV%
< −25%
(N = 13)

−25% ≤ △SUV%
<25% (N= 22)

△SUV%
≥ 25%
(N = 11)

Age
<65 8 12 6 0.719
≥65 5 10 5

Gender
Male 3 13 5 0.224
Female 10 9 6

Stage (UICC)
IIIb 7 18 2 0.132
IV 6 4 9

ECOG PS scores
≤1 11 10 4 0.015
≥2 2 12 7

Smoking history
No 11 15 4 0.016
Yes 2 7 7

Chemotherapy cycle
≤1 4 4 2 0.486
≥2 9 18 9

Response to gefitinib
Effective 13 18 3 0.000
Ineffective 0 4 8

ECOG, Eastern Cooperative Oncology Group; PS, performance status;
UICC, Union for International Cancer Control.

Figure 1. Correlation coefficient, 0.891; P = 0.000. Gender: , male;
, female.

Table 3. Agreement between metabolic response on European Organi-
zation for Research and Treatment of Cancer recommendations and mor-
phologic overall response on Response Evaluation Criteria In Solid Tumors
1.1 at six months (κ = 0.540)

RECIST1.0

EORTC

CMR PMR SMD PMD

CR 1 1
PR 12 6
SD 1 12 3
PD 4 8

CMR, complete metabolic response; CR, complete remission; EORTC,
European Organization for Research and Treatment of Cancer; PMD, pro-
gressive metabolic disease; PD, progressive disease; PMR, partial meta-
bolic response; PR, partial remission; RECIST, Response Evaluation Criteria
In Solid Tumors; SMD, stable metabolic disease; SD stable disease.
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Figure 2. Positron emission tomography-computed tomography (PET-CT): standard uptake value (SUV) dramatically drops after six months of treatment
with gefitinib.
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Comparative analysis of metabolic and
morphologic responses

There was a strong correlation between SUV changes
(△SUV%) and CT size change (△lesion size%) (R2 = 0.891,
P = 0.000) (Fig. 1). There was also a moderate agreement (κ =
0.540) between metabolic response based on EORTC recom-
mendations and morphologic overall response according to
RECIST 1.1 at the sixth month of treatment (Table 3). In
most cases, shrinking lesions were accompanied by drops of
SUV (Fig. 2). In other words, PET/CT could replace CT to
assess the therapeutic efficacy and prognosis at the molecular
level.

Association between SUV change and
patient survival

The one- and two-year survival rates were 54.3% and 8.7%,
respectively. Kaplan-Meier analysis showed that the survival
time was longer in females (the median survival 12.5 vs. 10.7;
P = 0.011), patients in early stage (IIIB) (15.4 vs. 10.7; P =
0.001), with a low PS (≤1) (14.3 vs. 9.9; P = 0.003), and no
smoking history (13.1 vs. 7.9; P = 0.000) (Table 4). Compared

to △SUV% ≥ 25%, the survival time was significantly pro-
longed in △SUV% < −25% (10.6/18.4, P = 0.000), but was not
in −25% ≤ △SUV% < 25% (10.6/10.7, P = 0.088) (Fig. 3). The
Cox multiple regression analysis suggested that stage (hazard
ratio [HR], 0.340;95% confidence interval [CI], 0.150∼0.772;
P = 0.010), PS scores (HR, 2.033; 95% CI, 1.060∼3.903; P =
0.033), smoking history (HR, 0.215; 95% CI, 0.095∼0.487;
P = 0.000), and △SUV% < −25% (HR, 0.170; 95% CI,
0.057∼0.511; P = 0.002) were independent prognostic factors
in our study (Table 5). We also found that, compared to
△SUV% ≥ 25%, △SUV% < −25% had a lower risk.

Discussion

Molecular imaging is an entirely new technique, which can
investigate cellular functions and metabolism in the living
body for diagnosis, efficacy judgement, and new drug devel-
opment. This technique utilizes the molecular probe to bind
the special molecule within the cell in vivo and then the image
in vitro with PET-CT, with the characteristics of high speci-
ficity, sensitivity, and resolution. PET-CT plays a vital role in
the diagnosis and staging of lung cancer, allowing for non-
invasive positioning, qualitative and quantitative analyses.

Much data demonstrates that EGFR TKIs, gefitinib and
erlotinib, induce dramatic responses in a subpopulation of
patients with adenocarcinoma. Although the presence of
somatic mutations in the EGFR gene has been shown to be
the best predictor of response to these TKIs,13,19 an alternative

Table 4 Univariate survival analysis

Variable N

Median
survival
(months) χ2 P-value

Age
<65 27 11.4 0.040 0.842
≥65 19 12.4

Gender
Male 17 10.7 6.454 0.011
Female 29 12.5

Stage (UICC)
IIIb 13 15.4 11.949 0.001
IV 33 10.7

PS
≤1 25 14.3 8.986 0.003
≥2 21 9.9

Smoking history
Yes 16 7.9 22.665 0.000
No 30 13.1

Chemotherapy cycle
≤1 10 12.3 1.046 0.306
≥2 36 12.2

△SUV%
△SUV% < −25% 13 18.4 23.856 0.000†
−25% ≤ △SUV% < 25% 22 10.7 2.902 0.088†
△SUV% ≥ 25% 11 10.6 22.302 0.000‡

†Compared with △SUV% ≥ 25% (PMD); ‡The whole Log-rank inspec-
tion, the comparison Bonferroni (× 3) correction. PS, performance status;
SUV, standardized uptake value; UICC, Union for International Cancer
Control.

Figure 3. Kaplan-Meier survival analysis among groups with different
changes in △ standard uptake value (SUV)%. , △SUV% < −25%;

, −25% ≤ △SUV% < 25%; , △SUV% ≥ 25%.
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approach optimizing the clinical outcome of EGFR TKI
therapy is necessary to accurately select patients who will
benefit from the therapy.

Our study demonstrates good efficacy of gefitinib in the
Asian population. The one- and two-year survival was 54.3%
and 8.7%, respectively, consistent with studies in other
Asian countries.20,21 The efficacy of gefitinib mainly depends
on the mutant rate of EGFR, which is higher in the Asian
population.

In our univariate and multivariate analysis, △SUV% at the
sixth month could serve as an independent predictor of pro-
longed OS when a cut-off value of −25% in SUV decline was
used. The survival was longer in patients with △SUV < −25%
than those with △SUV ≥ 25%. An increase in SUV post-
therapy suggests poorer prognosis in these patients.Although
our study was single-centered with a small number of
patients, we propose that △SUV% at the sixth month could
be a superior predictor of post-gefitinib outcome.

Similar findings were observed in previous studies by
Weber et al.22 and Nahmias et al.5 Fifty-seven patients
with stage IIIB or IV non-small cell lung cancer (NSCLC)
scheduled to undergo platinum-based chemotherapy were
included in Weber et al.’s study to prospectively elucidate the
predicting response of FDG-PET to chemotherapy. A reduc-
tion of tumor FDG uptake by more than 20% as assessed by
SUV was used as a criterion for a metabolic response. There
was a close correlation between metabolic response and best
response to therapy according to RECIST (P < 0.0001; sensi-
tivity and specificity for prediction of best response, 95% and
74%, respectively). Median time to progression and OS were
significantly longer for metabolic responders than for meta-
bolic non-responders (163 vs. 54 days and 252 days vs. 151
days, respectively). When therapeutic effects were evaluated
by PET at one and three weeks after chemotherapy in 16
patients with NSCLC, Nahmias et al. also reported that sur-
vival time was more than six months in the group with △SUV
< −50%, but less than six months in the group with △SUV >
−50%. Our study found a similar result in that patients with
△SUV < 25% after receiving gefitinib could have a signifi-
cantly longer median survival time, compared with those
patients with △SUV ≥ 25%.

We also found that there was a strong correlation between
SUV changes (△SUV%) and CT size change (△lesion size%).
There was a moderate agreement between metabolic
response based on EORTC recommendations and morpho-
logic overall response according to RECIST 1.1 at the sixth
month.

Conclusion

In conclusion, PET-CT can replace CT to predict the efficacy
and prognosis of targeted therapy in advanced lung adeno-
carcinoma at the molecular level.
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