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Background: The efficacy of epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) therapy can be
measured based on the rate of treatment response, based on the Response Evaluation Criteria in Solid Tumors (RECIST)
criteria or progression-free survival (PFS). However, there are some patients harboring sensitive EGFR mutations who
responded poorly to EGFR-TKI therapy. In addition, there is variability in the PFS after EGFR-TKI treatment.

Methods: We performed a retrospective analysis of the medical records of 85 patients with non-small cell lung cancer,
who had achieved a stable disease or better response at the first evaluation of treatment response, after receiving a
2-month course of gefitinib. We calculated the tumor shrinkage rate (TSR) by measuring the longest and perpendicular
diameter of the main mass on computed tomography before, and 2 months after, gefitinib therapy.

Results: There was a significant positive correlation between the TSR and PFS (R=0.373, p=0.010). In addition, a simple
linear regression analysis showed that the TSR might be an indicator for the PFS (Bzstandard error, 244.54+66.79;
p=0.001). On univariate analysis, the sex, histologic type, smoking history and the number of prior chemotherapy
regimens, were significant prognostic factors. On multivariate regression analysis, both the TSR (B=0.257, p=0.029) and
adenocarcinoma (B=0.323, p=0.005) were independent prognostic factors for PFS.

Conclusion: Our results showed that the TSR might be an early prognostic indicator for PES in patients receiving EGFR-
TKI therapy.
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related death cause worldwide. It is well known that most
patients are diagnosed with NSCLC at an incurable advanced
stage. Over the past decade, there have been considerable ad-
vances in the treatment of patients with NSCLC.

To date, it has been shown that the epidermal growth factor
receptor (EGFR) mutation status is closely associated with
the efficacy of epidermal growth factor receptor tyrosine ki-
nase inhibitor (EGFR-TKI) therapy. Moreover, several studies
(IPASS, NEJ002, WJITOG3405, and First Signal studies) have
attempted to assess the efficacy of EGFR-TKI as the first-line
of treatment as compared with the standard platinum doublet
treatment in patients with EGFR mutations. This led to chang-
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es in the standard treatment regimen in patients with NSCLC
with EGFR mutations' .

The efficacy of EGFR-TKI therapy can be measured based
on the rate of treatment response according to the Response
Evaluation Criteria in Solid Tumors (RECIST) criteria or pro-
gression-free survival (PFS). Despite the advantage of EGFR
mutations (exon 19 del or L858R), however, there are some
patients who poorly responded to EGFR-TKI therapy. In ad-
dition, there is variability in the PFS after EGFR-TKI treatment
in patients with EGFR mutations. These findings indicate that
the efficacy of EGFR-TKI therapy is also subject to other fac-
tors than the EGFR mutation status.

Recent studies have shown that the intratumoral hetero-
geneity with EGFR mutations is closely associated with the
response and prognosis”’. The intratumoral heterogeneity is
referred to as the co-existence of both benign and malignant
cells or mutant and wild-type EGFR within a single lesion. Mi-
chor and Polyak” showed that clonal diversity also exists with-
in malignant cells. This leads to the speculation that both well-
responsive and poorly-responsive cells to EGFR-TKI therapy
may coexist within a single lesion. Chen et al.” conducted a
study to compare the intratumoral heterogeneity with EGFR
mutations between patients with NSCLC and those with
adenocarcinoma with one or more additional lesions. These
authors concluded that compare the intratumoral hetero-
geneity with EGFR mutations is linked to a mixed response
to EGFR-TKI’. Taniguchi et al.” collected surgical specimens
from patients with recurrent NSCLC. The specimens were
cut at a thickness of 35 um, 50-60 areas of which contained
cancer cells. These authors measured the percentage of EGFR
gene mutation in each sample, thus showing that the PFS and
overall survival (OS) were significantly shorter in patients with
EGFR heterogeneity receiving gefitinib therapy”.

We introduced the tumor shrinkage rate (TSR) by measur-
ing the longest diameter and perpendicular diameter of the
main mass on computed tomography (CT) scans at baseline
and 2 months after gefitinib therapy. We have speculated that
the TSR might be a prognostic factor for PFS because it re-
flexes the ratio of cancer cells harboring sensitive mutation to
EGFR-TKL

Materials and Methods

We analyzed 90 patients with NSCLC who achieved a stable
disease or better response at the first evaluation of treatment
response after receiving a 2-month course of gefitinib therapy
between August of 2005 and December of 2010 at Chungnam
National University Hospital. The patient records and infor-
mation were anonymized and de-identified before analysis. In
our clinical series of patients, a diagnosis of NSCLC was made
after histopathological examinations. In addition, we did not
perform the EGFR mutation test to determine whether our
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clinical series of patients are indicated in gefitinib therapy. In-
clusion criteria for the current study are as follows: (1) patients
aged 18 years or older, (2) patients with Eastern Cooperative
Oncology Group (ECOG) performance status score of <2 and
(3) patients who were continuously given gefitinib 250 mg
once daily regimen until the disease progression. We excluded
the following five cases: (1) patients with lost to follow-up (n=2)
and (2) patients who discontinued taking gefitinib 250 mg
once daily regimen due to adverse effects (n=3). The adverse
effects include the Common Toxicity Criteria (CTC) grade 3
or 4 hepatotoxicity and grade 3 pneumonitis. We therefore
enrolled a total of 85 patients (n=85). The current study was
approved by the Institutional Review Board (IRB) of our medi-
cal institution (CNUH 2013-07-007). We performed a retro-
spective analysis of the medical records including radiology
reports.

The treatment response was first evaluated at 2 months af-
ter gefitinib therapy. The tumor size was defined as the value
of the longest diameter of the axial, coronal and sagittal sec-
tions of the main mass multiplied by the perpendicular diam-
eter (Figure 1). Each diameter was measured using a picture
archiving communication system supporting digital imaging
and communications in medicine by two board-certified
specialists in thoracic radiology. The main mass was defined
as the lesion with the longest diameter which could be mea-
sured. Tumor size and TSR were calculated according to the
following formula:

Tumor size=The longest diameterxPerpendicular diameter
of main mass

Figure 1. Method of tumor size measurement. The size of the tumor
was defined as the section with the longest diameter among the
axial, coronal, and sagittal sections of the main mass multiplied by
the perpendicular diameter. In this patient, the longest diameter (a)
and the longest perpendicular diameter (b) are obtained and mul-
tiplied on the coronal section.
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TSR=(Tumor size before gefitinib therapy-Tumor size at 2
months after gefitinib therapy)/Tumor size before taking gefi-
tinib

To determine the treatment response, we performed a CT
scan at a 2-month interval based on the RECIST 1.1 criteria.
The PFS was defined as the length of period elapsed since ge-
fitinib was first administered to the patients until the disease
progression was first observed. All the 85 patients received
gefitinib until the disease progression. This indicates that the
duration of gefitinib treatment is equal to the PFS.

To identify any correlation between TSR and PFS, we per-
formed the Pearson correlation analysis. For univariate analy-
sis, we performed the Student’s t test. In addition, we also per-
formed a linear regression analysis for multivariate analysis.
Statistical analysis was done using the PASW statistics version
18.0 (IBM Co., Armonk, NY, USA). A p-value of <0.05 was con-
sidered statistically significant.

Table 1. Patient characteristics at baseline (n=85)
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Results

The baseline and clinical characteristics are presented in
Table 1. The mean TSR was 0.29+0.04 and the mean PFS was
276+24 days. A simple linear regression analysis showed that
the TSR might be an indicator for the PFS (B+standard error,
244.54+66.79; p=0.001). There was a significant positive cor-
relation between TSR and PFS (R=0.373, p=0.010) (Figure
2A). There was also a significant positive correlation between
PFS and the sum of values those were calculated in all target
lesions of RECIST 1.1 criteria (R=0.399, p=0.010) (Figure 2B).
In addition, the response rate (%) calculated by the sum of di-
ameters according to RECIST 1.1 criteria correlated with PFS
(R=0.357, p=0.010) (Figure 2C).

We performed a univariate analysis of the correlation be-
tween baseline characteristics and PFS, thus showing that the
sex, histologic type, smoking history and the number of prior

Characteristic Subset No. of patients (%)
Sex Male 63 (74.1)
Female 22(25.9)
Age (meansSD), yr 66.87+0.98
ECOG performance status 0-1 80 (94.1)
2 5(5.0)
Smoking history Never 32(37.6)
Ever 53(62.4)
Histology Adenocarcinoma 50 (58.8)
Nonadenocarcinoma 35(41.2)
Clinical stage I-11 10(11.8)
Illa 10(11.8)
1b 14 (1555)
Y 51 (60.0)
No. of prior chemotherapy regimen 0 1(1.2)
1 48 (56.5)
2 30 (35.3)
3 4(4.7)
4 2(24)
Best response to prior chemotherapy (RECIST 1.1) CR 1(1.3)
PR 14(17.7)
SD 53 (67.1)
PD 11(13.9)
Response to gefitinib (RECIST 1.1) CR 0
PR 31 (36.5)
SD 54 (63.5)

SD: standard deviation; ECOG: Eastern Cooperative Oncology Group; RECIST 1.1: Response Evaluation Criteria in Solid Tumors version 1.1;
CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.
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chemotherapy regimens were significant prognostic factors.
The PFS was significantly longer in female as compared with
male (p=0.020). In addition, it was also significantly longer in
patients with adenocarcinoma as compared with those with
other histologic types of NSCLC (p=0.001). Moreover, it was
also significantly longer in patients with no smoking history
as compared with those with a smoking history (p=0.012).
Furthermore, it was also significantly shorter in patients with
two or more prior chemotherapy regimens (p=0.017) (Table
2). We also performed a multivariate analysis with the ad-
justment of such variables as TSR, histologic type, sex, age,
ECOG performance status, smoking history, number of prior
chemotherapy regimens and the best treatment response to
prior chemotherapy in patients (n=79) who were able to be
reviewed on medical records. Thus, we found that both TSR
(B=0.257, p=0.029) and adenocarcinoma (p=0.323, p=0.005)
were independent prognostic factors for PFS (Table 3).

Discussion

In the current study, there was a significant positive correla-
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Figure 2. (A) Correlation of tumor shrinkage rate (TSR) and pro-
gression-free survival (PFS). (B) Correlation of TSR calculated in
all target lesions of Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 criteria and PFS. (C) Correlation of response rate (%)
calculated by sum of diameters according to RECIST 1.1 criteria
and PFS.

tion between PFS and TSR that was calculated only in main
mass (R=0.373, p=0.010). There was also a significant positive
correlation between PFS and the sum of values those were
calculated in all target lesions of RECIST 1.1 criteria (R=0.399,
p=0.010) In addition, multivariate analysis also showed that
there was a significant positive correlation between TSR and
PFS (p=0.029). Presumably, this might be because TSR may
be associated with intratumoral heterogeneity of clones that
are sensitive to EGFR-TKI. With administration of EGFR-TKI,
the size of the tumor will be reduced depending on the frac-
tions of the cells that are responsive to EGFR-TKI'. This leads
to the speculation that TSR might be an early indicator for PFS
in patients receiving EGFR-TKI therapy.

We have also speculated that there might be a significant
correlation between PFS and OS in patients with NSCLC
receiving EGFR-TKI therapy. To date, no clinical studies have
discussed the PFS as a potential surrogate indicator for OS.
Studies, such as IPASS, OPTIMAL, and EURTAC, have not
demonstrated that the OS was prolonged. Presumably, this
might be due to a cross-over use of EGFR-TKI"". According
to the previous BR.21 study performed with patients who had
been one or two regimens of combination chemotherapy and

Tuberc Respir Dis 2015;78:315-320 www.e-trd.org
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Table 2. Univariate analyses of PFS

PES
Item (meantSD, p-value
day)

Sex 0.02
Male 244201
Female 370+253

Age, yr 0.337
<60 224+155
=60 287231

ECOG performance status 0.459
0-1 2724222
2 3484214

Smoking history 0.012
Never 3534260
Ever 230+181

Histology 0.001
Adenocarcinoma 338227
Nonadenocarcinoma 188+181

Number of prior chemotherapy regimen 0.017
1 regimen 3204264
>2 regimens 213+126

Best response to prior chemotherapy 0332

(RECIST 1.1)

CR+PR 215+182
SD+PD 273+212

PES: progression-free survival; SD: standard deviation; ECOG:
Eastern Cooperative Oncology Group; RECIST 1.1: Response
Evaluation Criteria in Solid Tumors version 1.1; CR: complete
response; PR: partial response; SD: stable disease; PD: progressive
disease.

not be eligible for further chemotherapy, PFS was a prognostic
indicator for OS after a comparison between best supportive
care and erlotinib". There is a correlation between the TSR
and PFS. It can therefore be inferred that it might also be used
as a predictive indicator for OS.

Most of the patients taking EGFR-TKI experience the
disease progression; this indicates that they acquired the
resistance. The underlying mechanisms are divided into the
resistant mutant development, including T790M point mu-
tation, and clonal selection theory, indicating that there is a
decrease in the number of clones that are sensitive to EGFR-
TKIbut an increase in that of resistant clones """, With regard
to the clonal selection theory, there is a growing evidence
that patients who previously responded to EGFR-TKI benefit
from retreatment with EGFR-TKL Clonal selection theory is
based on intratumoral heterogeneity, thus suggesting that
EGFR-TKI-sensitive cells are mixed with EGFR-resistant cells
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Table 3. Multivariate linear regression analyses of variables
for PFS

Variable B p-value
Tumor shrinkage rate (TSR) 0.257 0.029
Adenocarcinoma 0.323 0.005
Female 0.27 0.849
Age 0.084 0.445
ECOG performance status 0.08 0.453
Never smoker 0.059 0.675
No. of prior chemotherapy regimens -0.135 0.212
Best response to prior chemotherapy -0.014 0.893
(RECIST 1.1)

PES: progression-free survival; ECOG: Eastern Cooperative Onco-
logy Group; RECIST 1.1: Response Evaluation Criteria in Solid
Tumors version 1.1.
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Figure 3. Schema that represents different ratio of epidermal growth
factor receptor tyrosine kinase inhibitor (EGFR-TKI) sensitive cells
after administration of EGFR-TKI and discontinuation based on
the ratio of EGFR-TKI sensitive cells before treatment. Upper case

represents a tumor that has higher ratio of EGFR-TKI sensitive cells
than lower case.

at varying ratios in a single patient or tumor’. With adminis-
tration of EGFR-TK], there are changes in the cell population
accompanied by the continuous proliferation of EGFR-TKI-
resistant cells. These phenomena may lead to tolerance to
EGFR-TKI therapy. With the discontinued use of EGFR-TKI,
EGFR-TKI-responsive cells can be proliferated. This leads
to the speculation that the tumor may be treated with the re-
administration of EGFR-TKI. One phase II study revealed that
gefitinib retreatment can achieve benefits in patients with
advanced NSCLC who have controlled previously to gefitinib.
In this study, disease control rate was 65.2% that suggest that
a second round of gefitinib is worth considering in NSCLC
patients with progressive disease after EGFR-TKI failure™.
Even though the cells are drug-sensitive, some of those

319



Tuberculosis and
Respiratory Diseases

TR

DI Park et al.

might remain after administration of EGFR-TKL It has been
known that the drug-sensitive and drug-resistant EGFR-
mutant cells exhibited differential growth kinetics, with the
drug-resistant cells showing slower growth'*. The TSR is an in-
dicator for clones that are sensitive to EGFR-TKI. Therefore, it
could be expected that patients who had higher TSR still have
relatively higher ratio of sensitive cells after using of EGFR-
TKI and will have higher ratio with the lapse of time (Figure
3). Accordingly, TSR can be used to predict the efficacy of the
retreatment with EGFR-TKIL. We expect that TSR also can be
used in evaluating efficiency of next-generation EGFR-TKI on
the same principle.

There are some limitations of the current study. First, our
study is a non-randomized retrospective one and enrolled
a small number of patients in a single-institution. Second,
in the current study, patients did not undergo EGFR muta-
tion testing. In a heterogeneous population, we revealed that
TSR is significantly correlated with PFS. We are currently
conducting a study about the TSR after the first-line of treat-
ment with EGFR-TKI in patients with activating EGFR muta-
tions. Thus, we have shown that the correlation coefficient is
significantly higher in patients with activating EGFR muta-
tions as compared with a heterogeneous group of patients
(unpublished data). In the current study, we calculated the
TSR in a 2-dimensional manner. It would be mandatory to ac-
curately measure the decreased number of tumor cells based
on the volume because the mass is a 3-dimensional structure.
It is necessary, however, to use the volume using a specially-
designed software. Moreover, it would also be difficult to apply
the methods of measurement, used in an actual clinical setting.

Our results showed that the TSR might be an early prognos-
tic indicator for PFS in patients receiving EGFR-TKI therapy
because it reflexes the ratio of cancer cells harboring sensitive
mutation to EGFR-TKI. We also found that there was a signifi-
cant correlation between the TSR and PFS; this would be of
help for predicting the optimal timing of EGFR-TKI treatment.
In addition, our results also showed that the TSR might be a
prognostic factor for OS because there might be a significant
correlation between the PFS and OS.

Finally, it would also be useful in predicting the clinical benefit
based on the treatment response and the prognosis in patients
who are considered to receive re-treatment with EGFR-TKL
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