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Survival Outcomes According to TIMP1 and EGFR
Expression in Heavily Treated Patients with
Advanced Non-small Cell Lung Cancer who
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Abstract. Background: Heavily treated patients with non-
small cell lung cancer (NSCLC) have few treatment options,
while irinotecan and bevacizumab have proven synergistic
action in preclinical studies. Patients and Methods: A total of
49 patients with heavily treated NSCLC were enrolled from
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2011-2014 and treated with irinotecan and bevacizumab.
Treatment response along with mutational status of epidermal
growth factor receptor (EGFR), and tissue inhibitor of
metalloproteinases-1 (TIMP1) and EGFR expression were
evaluated. Progression-free (PFS) and overall (OS) survival
were monitored. Results: Median follow-up was 13.2 months.
Twenty-three patients had received three or more prior
therapy lines. Overall response rate was 32% [95%
confidence interval (CI)=22%-39%] and 26% of patients
achieved stable disease. Median PFS was 4.4 (95% CI=2.5-
8.3) months and median OS 18.0 (95% CI=16.2-30.7)
months. Nine patients harboring EGFR mutations had a long-
lasting partial response. A shorter OS was found in patients
with a higher TIMPI expression (p=0.006). Conclusion:
Irinotecan combined with bevacizumab had favorable
antitumor activity in heavily pretreated patients with NSCLC.
These results suggest this is a reasonable strategy,
particularly for patients with low TIMP1 expression.
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Non-small cell lung cancer (NSCLC) is one of the most
common malignancies worldwide, accounting for
approximately 80-85% of all lung cancer cases. Patients with
advanced or metastatic NSCLC often benefit from platinum-
containing regimens and targeted therapies. Nevertheless,
only 16% of patients with advanced disease who lack
activating mutations survive more than 2 years (1). Research
suggests that long-term survivors are likely to present with
few metastases, absence of bone lesions, favorable
performance status (PS) (0-1) at first progression and
treatment response to either: first- or second-line
chemotherapy or maintenance therapy. Additionally, time to
first disease progression of more than 3 months and further
treatment strategies are significant predictors for long-term
survival (2, 3).

Due to their favorable safety profile and survival benefit
in a subset of patients, novel biological and targeted
therapies have been increasingly used. Despite these new
treatment strategies, the role of third-line or higher
chemotherapy for patients with NSCLC is still controversial
(3). It is, therefore, important to understand if prolonged
survival is the result of the introduction of novel therapies
or, instead, a consequence of population heterogeneity,
corresponding to a multimodal survival distribution (4).

One treatment strategy that has been studied for advanced
NSCLC is irinotecan (CPT-11), a water-soluble pro-drug that
is metabolized in vivo to SN-38, with 100 to 1,000-fold
greater cytotoxicity compared to the parent compound.
Cytotoxic effects of SN-38 are mediated through its
interaction with topoisomerase I (TOPOL1), an enzyme that
relieves torsional strain during DNA replication and
transcription (5). Specifically, during cell division, DNA
replication forks collide with enzyme-DNA cleavage
complexes, resulting in double-stranded DNA breaks and
subsequent programmed cell death (6).

Previous first-linephase III trials failed to demonstrate
statistically significant differences in response rate (RR),
overall survival (OS), progression-free survival (PFS), or time
to treatment failure (TTF) with cisplatin—irinotecan doublet
therapy and other standard first-line regimens with platinum
compound plus paclitaxel, docetaxel, gemcitabine, or
vinorelbine (7). However, therapeutic synergy between
irinotecan and bevacizumab has been demonstrated in both
human lung cancer xenograft models and several colon cancer
clinical trials (8-10). An additional advantage of irinotecan-
containing regimens lies in its acceptable toxicity profile in
patients with NSCLC. In a previous report, only the physical
domain evaluated by the Quality of Life Questionnaire for
Cancer Patients Treated with Anti-Cancer Drugs was
hampered due to unpredictable diarrhea (7). Interestingly,
some researchers have documented that patients harboring
epidermal growth factor receptor (EGFR) mutations have
abnormal TOPO! activity due to increased TOPO1 mRNA
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and protein expression from tyrosine-protein kinase Met
(MET) signaling. Therefore, it has been hypothesized that
these patients could benefit from irinotecan (11).

In the past decade, several tumor markers have been used
in the evaluation of solid malignancies. For example, tissue
inhibitor of metalloproteinases-1 (TIMP1) belongs to a
family of glycoproteins that are natural inhibitors of matrix
metalloproteinases (MMPs). Such enzymes are involved in
extracellular matrix maintenance and remodeling (12). The
TIMP family consists of four members (TIMP1-4).
Specifically, TIMP1 differs in the short exon 1, which is
transcribed but not translated. Research has suggested that
exon 1 contains tissue-specific repressor elements and may
be involved in tissue expression specificity (12, 13).
Additionally, TIMP-independent MMP activities include
promotion of cell growth and anti-apoptotic activity (13).
Such effects are likely mediated by their direct binding to
cell-surface receptors and subsequent signaling activation,
including the mitogen-activated protein kinase and the cyclic
adenosine 3’,5’-monophosphate—protein kinase A (PKA)
pathways (14, 15). TIMP1 has been extensively studied in
recent years as a promising prognostic marker in colorectal,
endometrial and breast cancer (16-22). Recently, Spindler et
al. showed that TIMP1 has a potential role as a prognostic
biomarker in patients with metastatic colorectal cancer
treated with cetuximab and irinotecan. The authors
documented that higher TIMP1 levels were associated with
shorter PFS and significantly lower OS (23). Similarly, an
increasing level of TIMP1 has been correlated with
chemotherapy resistance in metastatic breast cancer, likely
explained by anti-apoptotic activity induced by TIMPI1.
Conversely, the significance of TIMP1 in terms of survival
outcomes in patients with NSCLC is still contradictory.

Furthermore,  platinum-based  chemotherapy in
combination with third-generation or newer antitumor
agents, such as irinotecan, improves survival and quality of
life of patients with advanced NSCLC (7, 24, 25). The
addition of bevacizumab achieves a longer PFS (26). In the
subpopulation of patients harboring EGFR mutations, a
dramatic benefit from tyrosine kinase inhibitors such as
erlotinib and gefitinib has been observed (27-29). Despite the
introduction of these new treatment agents, disease in most
patients will eventually progress. These patients, however,
will maintain a good performance status (PS), making them
suitable candidates for further chemotherapy (30). On the
other hand, the efficacy of third-line and later chemotherapy
regimens in terms of tumor response, survival benefit and
toxicity has not been established. The objective of the
present study was to evaluate survival outcomes and toxicity
profile in heavily treated patients (>3 lines) with metastatic
NSCLC who received irinotecan plus bevacizumab, and to
further determine the association of TIMP1 and EGFR
expression with prognosis.
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Patients and Methods

A prospective evaluation of 49 patients with metastatic heavily
treated NSCLC who received biweekly irinotecan plus bevacizumab
was conducted. Tumor responses were evaluated by the Response
Evaluation Criteria of Solid Tumors (RECIST 1.1) (31). Toxicity
was assessed according to the Common Terminology Criteria for
Adverse Events version 4.0 (32).

Patient selection. Adult patients (>18 years of age) were eligible
after histological confirmation of stage IV NSCLC. Inclusion criteria
for enrollment were: i) quantifiable anatomic disease (at least one
area which had not been subject to prior radiation); ii) prior
chemotherapy (including one line with a platinum containing
regimen with or without bevacizumab, a taxane and a tyrosine kinase
inhibitor); iii) at least 2 weeks since last chemotherapy or radiation
therapy, and full recovery from any adverse effects; iv) Eastern
Cooperative Oncology Group (ECOG) PS of 0, 1, or 2; v) no active
invasive second malignancy; vi) adequate organ function defined by:
PS: 0-1; life expectancy of at least 12 weeks; hematopoietic system:
absolute neutrophil count at least 1,500/mm3, platelet count at least
100,000/mm3; hepatic: total bilirubin, aspartate transaminase, and
alanine transaminase (ALT) of less than two times the upper limit of
normal (UNL); renal: creatinine <2.5 times ULN; cardiovascular:
New York Heart Association class I or II.

Patients were excluded if there was: i) active or uncontrolled
infection, bleeding or tissue scar; ii) significant cardiovascular
disease (uncontrolled hypertension, unstable angina, acute
congestive heart failure, myocardial infarction within the previous
6 months, or uncontrolled serious arrhythmia); iii) pregnancy,
lactation, or refusal to use effective contraception; iv) Gilbert’s
disease considering evidence of excessive irinotecan-induced
neutropenia; v) uncontrolled diabetes mellitus; or vi) any other
severe, concurrent illness which in the judgment of the investigator
would make the patient inappropriate to enter this study. All study
candidates were required to provide written informed consent as
approved by the Institutional Review Board.

Treatment plan. A 90-min intravenous infusion of 125 mg/m?
irinotecan was given on days 1 and 8 plus 7.5 mg/kg bevacizumab
on day 1, repeated every 3 weeks. Treatment was administered until
unacceptable drug toxicity or disease progression.

Evaluation plan. Before receiving treatment, patients underwent a
thorough evaluation including medical history (and concomitant
medications), physical examination and determination of their PS.

Additionally, complete blood count (CBC) and serum creatinine
prior to each treatment were obtained. After treatment initiation,
physical examination, PS, weight, and full serum chemistries were
repeated prior to each 3-week cycle (including CBC and liver function
tests). Computed tomographic/magnetic resonance images were
obtained every two cycles and all toxicities were graded according to
the Common Terminology Criteria for Adverse Events version 4.0
(32). Irinotecan doses were adjusted according to the degree of
toxicity. Specifically, the irinotecan dose was reduced by 10 mg/m2
for grade 2-3 hematological toxicities and by 20 mg/m?2 for diarrhea.
Treatment was discontinued for grade 4 diarrhea, neutropenic fever,
grade 3 or greater hemorrhage, grade 4 non-hematological toxicity,
arterial thrombosis, gastrointestinal perforation and wound dehiscence
requiring medical or surgical intervention.

Tumor samples. Diagnostic tissue consisted of formalin-fixed
paraffin-embedded tissue from a gross-needle biopsy or surgical
specimen. All samples were re-evaluated by the same pathologist
who made the initial diagnosis to confirm the diagnosis. Samples
were classified using the 2011 IASLC/ATS/ERS classification (33).
Tumor blocks were evaluated based on tumor cell percentage.
Tumor cell content was below 30% in most samples (72%) and
below 10% in the remaining blocks. Most biopsies (n=32) were
from the primary tumor. When unable to perform the molecular
analysis on the primary tumor, mutation detection, protein
expression and mRNA expression were performed on lymph nodes
in five cases and distant metastasis in 12.

DNA extraction from paraffin-embedded tissue. Five slices were cut
from the paraffin-embedded blocks. The two outermost sections
were stained with hematoxylin/eosin. When tumor cells were
identified in both sections, the three middle slices were used for
DNA extraction. Sections were deparaffinized by submersion in
xylene and rehydrated with ethanol. DNA was extracted using the
QIAamp DNA FFPE Tissue Kit (Qiagen, Germany) according to the
manufacturer’s protocol.

EGFR mutation and protein expression status. The Cobas® EGFR
and K-RAS Tissue Test (Roche® Pleasanton, CA, USA) was used
for mutation detection. The test is designed to detect G719A/C/S in
exon 18; 29 deletions in exon 19; S7681, T790M and five insertions
in exon 20; and L858R in exon 21. The Cobas® 4800 SR2 System
Software v2.0 and EGFR Analysis Package Software v1.0 were
used for analysis (Roche Diagnostics, Indianapolis, IN, USA).
EGFR protein expression was measured using the EGFR pharmDx
kit and autostainer (DAKO, Carpinteria, CA, USA) according to the
manufacturer’s instructions (34). Samples were categorized as
EGFR protein-expression IHC-positive if there was evidence of
membranous staining in >1% of tumor cells.

Quantitative estimation of TIMP1 mRNA expression. Using reverse-
transcription real-time PCR, total RNA was isolated from 100 mg of
88 pairs of tumor and control lung tissue using the FastRNAPro
Green Kit (QBIO gene, Irvine, CA, USA). Reverse transcription was
performed on 3 ug of total RNA with Superscript III Reverse
Transcriptase (Life Technologies, Carlsbad, CA, USA) and oligo
d(T)21 as a primer. The sequence of primers used for TIMP1 mRNA
quantification was as follows: forward primer: 5’-AGACC
TACACTGTTGGCTGTGAG-3’; reverse primer: 5’-GACTGGAAG
CCCTTTTCAGAG-3’, synthesized by GeneriBiotech (Roche
Diagnostics, Bogota, Colombia). All samples were assessed for the
expression of the gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). TIMPI mRNA expression was continuously quantified.
The real-time PCR procedure and the sequence of GAPDH primers
were previously described by Pesta er al. (35)

Statistical analysis. The primary study endpoint was PFS, defined as
the interval between the date treatment started and the date of
documented disease progression or death from any cause. OS was
defined as the interval between the date treatment started and the
date of death from any cause. Patients lost to follow-up were
censored at the last date of contact. Secondary endpoints included
overall response rate (ORR), defined as the proportion of patients
whose best response was complete response (CR) or partial response
(PR), and toxicity. A two-staged Simon accrual design was used. An
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Table 1. Patient characteristics.

Variable N (%) 95% CI
Female gender 22 (43%) 29-57%
Median age 60 (44-78) 57-62.5%
Frequency of metastatic disease 47 (92%) 84-96%
Histological pattern

Acinar 27%

Lepidic 14%

Papillary/micropappilary 22%

Solid 21%

Non-specified 16%
Frequency of smokers 23 (53%) 39-67%
Metastasis site

Lung 80%

Bone 45%

CNS 49%

Liver 74%
Frequency of symptoms

Dyspnea 35%

Cough 47%

Pain 14%

Weight loss 37%
CI: Confidence interval; CNS: central nervous system.
Table II. Molecular and clinical profiles (N=49).
Variable N (%) 95% C1
Frequency of EGFR mutation 14 (29%) 16-42%
Exon

18 1 (7%)

19 9 (64%)

21L858R 4 (29%)
EGFR overexpression 13 (27%) 15-39%
TIMP mRNA expression 24 (49%) 35-63%
Molecular profile among smokers

EGFR mutation 2 (8.7%) 1-17%

EGFR expression 10 (43%) 29-57%

TIMP mRNA expression 15 (65%) 52-79%

EGFR: Epidermal growth factor receptor; TIMPI: tissue inhibitor of
metalloproteinases-1; CI: confidence interval.

ORR of 15% was assumed for different therapies in heavily
pretreated (>3 lines) patients with NSCLC, and a target response rate
of 25% was established. Assuming a dropout rate of 10%, a sample
size of 42 patients provided at least 80% power and type 1 error of
<5%. For statistical purposes, continuous variables are summarized
as arithmetic means, medians and standard deviations. Categorical
variables are reported as proportions with 95% confidence intervals
(95% CI). Inferential comparisons were performed using Student’s
t-test, chi-squared and Fisher’s exact tests to assess significance of
categorical variables. The time-to-event variables obtained from the
Kaplan—Meier method were determined by log-rank tests. To test
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Table II1. Treatment response (N=49).

N (%) 95% CI

Global response

Tyrosine kinase inhibitors 18 (37%) 23-51%

Irinotecan/bevacizumab 16 (33%) 20-46%
Irinotecan/bevacizumab response

Complete 1 (2%)

Partial 15 (33%)

Stable disease 20 (41%)

Disease progression 13 (24%)

CI: Confidence interval.

association of TIMPI mRNA expression with clinical, and
pathological features, Kruskal-Wallis and Mann—Whitney U-tests
were used. Statistical significance was determined as p<0.05 with a
two-sided test. All statistical analysis was performed with SPSS
version 19.0 (IBM Corp., Armonk, NY, USA).

Results

Patient characteristics. A total of 49 patients were enrolled
from one institution in Bogotd (Colombia) between March
2011 and November 2014. Demographic and clinical
baseline characteristics are summarized in Table I. The
median age was 60 years (range=44-78 years), 57% were
male and 75% had an ECOG PS of 0-1. Most patients had
received on average three previous lines of therapy, and 16
patients had previously received bevacizumab as a first line,
while 11 (22.4%) had received radiotherapy. The most
common histological pattern was acinar followed by papillar
and solid. Nearly half of the patients were non-smokers. The
entire patient population had previously received one or two
platinum-based chemotherapy regimens and 23 patients had
previously received more than three lines. Distant metastasis
and symptoms such as dyspnea and weight loss are
summarized in Table I.

Molecular profile and clinical characteristics. The molecular
profile and clinical characteristics are summarized in Table
II. Fourteen patients (28%) harbored EGFR mutations;
specifically, 50% had exon 19 deletion. Sixteen patients
(32%) had EGFR overexpression and 49% had high levels
of TIMPI mRNA, while only one patient had a positive
KRAS mutation. EGFR overexpression was not increased
among smokers (p=0.11), however, it was significantly
higher in patients without EGFR mutations (p=0.015).
Additionally, TIMPI expression was higher in current/former
smokers (p=0.031), among those without EGFR mutation
(»=0.040) and in those whose disease progressed during
treatment with irinotecan—bevacizumab (p=0.050).
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Figure 1. Progression-free (A) and overall (B) survival among patients treated with irinotecan plus bevacizumab.
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Figure 2. Progression-free (A) and overall (B) survival among patients treated with irinotecan plus bevacizumab according to response.

Treatment response and survival. Treatment response and
survival are presented in Table III. Median follow-up was
13.2 months. Twenty-nine out of the 49 total patients (59%)
experienced clinical benefit with an ORR of 32% (95%
CI=22% to 39%); 20 patients (40%) achieved stable disease.
Median PFS was 4.4 (95% CI=2.8-8.3) months and median
OS was 18.0 (95% CI=16.2-30.7) months (Figure 1A and B,
respectively). PFS was significantly higher among responders
(CR and partial response) compared to non-responders (stable
disease) (Figure 2A). However, OS was not significantly
correlated with the type of response (Figure 2B).

Survival outcomes according to molecular profile. EGFR
mutation-positive status but not expression significantly
improved PFS (p<0.001) but not OS (p=0.0913) Patients
who were pretreated with a reversible tyrosine kinase

inhibitor (TKI) as standard first-line treatment achieved a
PFS of 13.8 months (95% CI=8.7-27.5). In contrast, lower
median expression of TIMP was significantly associated with
better OS, but not PFS (Figure 3A and B).

Toxicity. The most common severe toxicity (>grade 3) was
hematological toxicity: 32% of patients encountered
neutropenia and 8.3% thrombocytopenia. The most frequent
non-hematopoietic toxicity was diarrthea and arterial
hypertension in about 5% of patients.

Discussion
This study documented favorable clinical survival endpoints

in a cohort of patients with advanced NSCLC treated with
irinotecan and bevazizumab. A higher OS was reached
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Figure 3. Progression-free (A) and overall (B) survival among patients treated with irinotecan plus bevacizumab based on tissue inhibitor of

metalloproteinases-1 expression.

compared to that reported for most large phase III trials,
which have shown a median survival of 8 to 10 months (36).
Likewise, a PFS similar to NJLCGO0703 (30), was
encountered. A favorable treatment response higher than in
other studies of Irinotecan in metastatic NSCLC, such as an
ORR of 188% (95% CI=5.3-32.3) documented by
Matsubara et al. (30) was also observed. The better outcomes
of this study are possibly explained by the combination
therapy with bevacizumab.

Furthermore, the impact of TIMPI and EGFR mutation
status on clinical outcomes was studied. EGFR mutation status
was associated with significantly longer PFS, OS and longer
lasting response; consistent with several trials that have shown
that EGFR mutations are important predictors of treatment
response to TKIs in patients with NSCLC (27-29). However,
some patients with mutations do not achieve a favorable
outcome, suggesting that factors other than EGFR-TKI
exposure contribute to the longer survival. In an effort to
increase treatment efficacy and manage resistance to EGFR,
researchers have postulated VEGF therapy in NSCLC
harboring EGFR mutations in order to enhance antitumor
activity, especially in cells that express high levels of VEGF
(37). The JO25567 study was a randomized phase II study that
evaluated the efficacy of combination therapy with erlotinib
and bevacizumab versus erlotinib alone in patients with stage
III/TV NSCLC harboring EGFR-activating mutation (38). This
trial showed that the PFS of the combination therapy group
was longer than that of the erlotinib monotherapy group. The
present study supports this finding, as documented by a
notable efficacy with combination chemotherapy. However,
the PFS was lower compared to JO25567, which documented
a median PFS of 160 (95% CI=13.9-18.1) months with
erlotinib plus bevacizumab, a finding possibly explained by
duration of exposure to the antiangiogenic.
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Although EGFR overexpression has been shown to
correlate with poor prognosis (39), OS was not affected by
its expression. Additionally, these results support the
hypothesis that higher TIMP1 expression is associated with a
poor prognosis. This is consistent with Pesta et al. who
reported a shorter disease-free interval in patients with a
higher expression of TIMPI mRNA in tumor tissue. A
relationship between tumor tissue 7IMP1 mRNA expression
and disease-free interval in squamous cell carcinoma
(»=0.0117) was also documented. Shorter OS was found in
patients at advanced stages with a higher expression of
TIMP1 mRNA (p=0.0389) (35, 40). Regarding safety, it has
been suggested that irinitocan/bevacizumab is well tolerated
as third-line or higher therapy for NSCLC. Frequencies of
major hematological toxicities were comparable to other trials
(7, 30). Moreover, no treatment-related deaths occurred.

Conclusion

The present study demonstrates reasonable efficacy and
acceptable toxicity of irinotecan plus bevacizumab as a third-
or fourth-line treatment for NSCLC in Hispanic patients.
Results suggest that this is a considerable option, particularly
for those harboring EGFR mutations and low TIMPI
expression. However, this was a small-scale study with a
single-arm design, thus, these conclusions need to be
confirmed in large-scale prospective studies.

Patients harboring EGFR mutations tend to have better
prognosis compared to patients without mutated receptors.
New molecular markers have been recently studied and
correlated with clinical endpoints in patients with advanced
NSCLC. Agents such as bevacizumab and irinotecan offer
gain in survival endpoints in certain patients; however, they
are reserved as a third or fourth line of treatment. The
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inclusion of this novel therapeutic strategy as a third-or-
fourth line treatment could offer patients a greater survival
benefit. Measurement of TIMP1 expression as a standard of
practice could offer a decision-making tool for medical
oncologists in selecting patients for more aggressive
treatments of additional chemotherapeutic agents.
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