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Objectives: Nanoparticle albumin-bound paclitaxel (nab-paclitaxel) produced good tumor
response in cases with lung squamous cell carcinoma, one of the most difficult cancers to treat.
Secreted protein acidic and rich in cysteine (SPARC) binds to albumin, suggesting that SPARC
plays an important role in tumor uptake of nab-paclitaxel. There is as yet no predictive marker
for cytotoxic agents against non-small-cell lung cancer (NSCLC), and hence we believed that
SPARC expression might be associated with tumor response to nab-paclitaxel.

Patients and methods: We studied stromal SPARC reactivity and its association with
clinicopathological characteristics in 200 cases of NSCLC using a custom tissue microarray
fabricated in our laboratory by immunohistochemical staining. We also investigated the relation-
ship between stromal SPARC reactivity and tumor response to nab-paclitaxel using biopsy or
surgical specimens obtained from advanced or recurrent lung cancer patients.

Results: High SPARC stromal reactivity (>50% of optical fields examined) was detected in
16.5% of cases and intermediate SPARC reactivity (10%—50%) in 56% of cases. High expres-
sion in cancer cells was rare (five cases). Stromal SPARC level was correlated with smoking
index, squamous cell carcinoma, and vessel invasion. Furthermore, patients with high stromal
SPARC reactivity in biopsy specimens such as transbronchial lung biopsy or surgical specimens
tended to respond better to nab-paclitaxel.

Conclusion: Stromal SPARC was detected by immunohistochemical staining in ~70% of
NSCLC cases, and good tumor response to nab-paclitaxel was correlated with high stromal
SPARC reactivity. SPARC may be a useful predictive marker for selecting patients likely to
respond favorably to nab-paclitaxel treatment.
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Introduction

Chemotherapy continues to occupy a leading role in the treatment of advanced and
recurrent non-small-cell lung cancer (NSCLC), whereas most new chemotherapeutic
agents and molecular targeted therapy are for lung adenocarcinoma. EGFR activating
mutations or EML4-ALK fusion genes are established predictive markers in molecular
targeted therapy.!? However, efficacy of anti-cancer agents for the treatment of lung
squamous cell carcinoma is limited compared to adenocarcinoma, and molecular
targeted therapy is not indicated for most patients with squamous cell carcinoma.
Recently, Socinski et al® reported that carboplatin plus nanoparticle albumin-bound
paclitaxel (nab-paclitaxel) as a first-line therapy in patients with advanced NSCLC
demonstrated a significantly higher overall response rate than carboplatin plus solvent-
based paclitaxel (33% vs 25%, P=0.005) and in patients with squamous histology
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compared to patients with non-squamous histology (41% vs
24%, P<<0.001). An important property of nab-paclitaxel is
an excellent tumor shrinkage effect, leading to relief from
cancer-related symptoms. This antitumor effect is detected
not only in squamous cell carcinoma but also in some patients
with adenocarcinoma according to clinical observations.
Based on these results, we thought that it would be useful to
identify a predictive marker for nab-paclitaxel.

nab-Paclitaxel is a 130 nm albumin-bound formulation of
paclitaxel particles (Celgene, Summit, NJ, USA). Albumin is
the most abundant plasma protein, with a molecular weight
of 66 kDa, and is emerging as a versatile carrier for targeted
drug delivery.* Secreted protein acidic and rich in cysteine
(SPARC), also referred to as osteonectin or basement mem-
brane protein 40 (BM-40), plays a crucial role in cell growth
and angiogenesis through interaction with the extracellular
matrix or cytokines.””” SPARC binds to albumin and the
bound form co-localizes in cancer tissues, suggesting that
SPARC plays an important role in promoting tumor uptake
of nab-paclitaxel.’ Expression of SPARC is correlated with
prognosis in breast cancer cases,'*!! and high SPARC stromal
reactivity is correlated with improved survival in pancreatic
cancer cases.!> However, there has been no investigation of
the relationship between SPARC stromal reactivity and tumor
response to nab-paclitaxel in NSCLCs. Lung squamous cell
carcinoma, one of the most difficult cancers to treat, showed
good tumor response to nab-paclitaxel.> Although recent
studies'? have described predictive markers for molecular tar-
geted therapy, there have been few reports of studies focusing
on predictive markers for chemotherapeutic agents. Since nab-
paclitaxel is produced by the albumin transportation system,
SPARC bound to albumin may be a predictive marker. If
SPARC is useful as a predictive marker in the clinical setting,
we expect that patient selection based on SPARC expression
could lead to a tailor-made therapy for lung cancer patients,
especially those with squamous histology. In this study, we
present evidence to support the possibility that SPARC may
indeed be a predictive marker for nab-paclitaxel.

Patients and methods

Tissue samples and tissue microarrays

Tissue samples were surgical specimens obtained from
200 successive lung cancer patients who underwent sur-
gery at Saga Medical School Hospital between 2004 and
2009 without anticancer chemotherapy or thoracic irradia-
tion before surgery. The study was approval by the Saga
University Clinical Research Ethics Committee; informed
consent was obtained from all patients for the use of surgical

specimens in this study. The tissue microarray was con-
structed using a Tissue Microarrayer (Pathology Institute
Corp., Toyama, Japan). Two 1 mm diameter cylinders were
punched from each of the 200 specimens and arrayed in three
tissue microarray blocks. The clinical stage of the cancer was
determined according to the criteria of the 7th edition of the
International Union Against Cancer.

Immunohistochemical staining

Deparaffinized 4 um-thin tissue sections were microwaved in
Tris-EDTA buffer (pH 9.0). After blocking the tissue sections
in 0.3% hydrogen peroxide in phosphate-buffered saline
for 30 minutes at room temperature, serially cut sections
were incubated overnight at 4°C with anti-SPARC antibody
(Abcam, Cambridge, MA, USA) at 1:200 dilution, anti-CK7
antibody at 1:200, or anti-vimentin antibody at 1:200. The
Dako EnVision System (DAKO Corp., Carpinteria, CA,
USA) was used for detection. Counter staining was performed
with hematoxylin. Immunohistochemical examination with
each antibody was performed by the following criteria and
scored according to sequential arbitrary cutoffs. Staining of
the cancer cell nuclei or cytoplasm with anti-SPARC anti-
body in whole tissue sections was taken as positive and scored
as — (=10% positive cells), £ (>10% but =30%), + (>30%
but =60%), and ++ (>60%). SPARC stromal reactivity was
defined as the percentage of reactive stromal area among
the optical fields and scored as — (=10%, low), + (>10%
but =50%, intermediate), and ++ (>50%, high). We defined
positive staining as intermediate or high stromal reactivity.
All slides were scored by three researchers.

Treatment and assessment of efficacy
Forty-three patients had histologically or cytologically con-
firmed advanced or recurrent NSCLC and were treated with
100 mg/m? 30-minute infusion of nab-paclitaxel on days 1, 8,
and 15, with nab-paclitaxel followed by carboplatin AUC 6
on day 1; this regimen was repeated every 3 weeks. Treat-
ment of at least six cycles is encouraged in general clinical
practice, but can continue beyond six cycles in the absence of
progressive disease if there is no unacceptable toxicity. Tumor
response was evaluated according to Response Evaluation
Criteria In Solid Tumors (RECIST) Version 1.1.

Statistical analysis

Associations between immunohistochemical staining results
and clinicopathological characteristics were examined using
the chi-square test for categorical data. The survival rate
was calculated according to the Kaplan—Meier method, and
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the log-rank test was used for assessing differences. Cox
proportional hazards regression analysis, with adjustment
for potentially confounding variables gender, age, smoking
index, and pathological stage, was used to calculate the
mortality hazard rate (HR) and 95% confidence interval (CI).
P-values <0.05 were regarded as statistically significant.
Statistical analyses were conducted using SPSS 11.0J (SPSS
Japan Inc., Tokyo, Japan).

Results

Expression of SPARC was correlated
with smoking status, squamous cell
carcinoma, vessel invasion, and poor
prognosis in NSCLC patients

Table 1 summarizes the relationships between SPARC
stromal reactivity and clinicopathological characteristics
based on the immunohistochemical analysis using anti-
SPARC antibody. A representative case of immunostaining

Table | Relationship between SPARC stromal reactivity and clin-
icopathological characteristics

SPARC stromal <10% (-) 10%-50% (+) >50% (++) P-value
reactivity
Total (N=200) 55 (27.5%) 112 (56%) 33 (16.5%)
Sex 0.08
Male (n=116) 25 69 22
Female (n=84) 30 43 I
Bl 0.01
<400 (n=102) 37 53 12
=400 (n=98) 18 59 21
Histology 0.03*
Ad (n=155) 48 86 21
Sq (n=29) 3 18 8
Other (n=16) 4 8 4
p-stage 0.12
I (n=144) 44 78 22
Il (n=30) 7 14
Il (n=18) 2 14
IV (n=8) 2 6
EGFR mutation 0.13
Ex19 or ex21 25 40 8
(n=73)
Not mutated 30 72 25
(n=127)
Vessel invasion® 0.03
Positive (n=53) 8 32 13
Negative (n=140) 45 76 19
Lymphatic invasion® 0.23
Positive (n=33) 5 22 6
Negative (n=159) 47 86 26

Notes: *Ad vs Sq; "Evaluable cases only.
Abbreviations: SPARC, secreted protein acidic and rich in cysteine; Bl, Brinkman
index; Ad, adenocarcinoma; Sq, squamous cell carcinoma.

with anti-SPARC antibody is shown in Figure 1. Positive
staining for SPARC (+ or ++) was detected in stromal fibro-
blasts and endothelial cells of immature vessels of the lung
cancer tissues. In contrast, positive staining of cytoplasmic
or nuclear SPARC in cancer cells was rare, noted in five of
200 (2.5%) or 17 0f 200 (8.5%) cases examined, respectively.
Staining level in the adjacent noncancerous tissue was low.
One hundred and forty-five patients (72.5%) showed positive
staining for SPARC using immunohistochemistry. Immu-
nostaining positivity was significantly higher in patients
with Brinkman index (BI) =400 (80/98, 82%) compared to
those with BI <400 (65/102, 64%; P=0.01). Immunostaining
positivity was higher in squamous cell carcinoma (26/29,
90%) compared with adenocarcinoma (107/155, 69%;
P=0.03) and was higher in vessel-invasion positive (45/53,
85%) compared with vessel-invasion negative (95/140, 68%)
cases (P=0.03). Differences according to gender, pathological
stage, EGFR mutation status, and lymphatic invasion were
not statistically significant.

Because SPARC expression has been reported to be con-
nected with poor prognosis in breast cancer, we investigated
the prognosis associated with SPARC expression in patients
with lung cancer. Table 2 shows that, based on the multivariate
Cox proportional hazards model, pathological stage evidenced
asignificant effect on survival even with adjustment of one for
the other. Stromal SPARC reactivity tended to be associated
with poor survival, but the association was not statistically
significant. Among the patients in stage I, those with positive
staining for stromal SPARC had significantly shorter survival
than negative staining (log-rank P=0.05, Figure 2).

Stromal SPARC reactivity is a possible
predictive marker for nab-paclitaxel in

advanced or metastatic NSCLC patients

Table 3 shows the relationship between stromal SPARC
reactivity in biopsy or surgical specimens from 43 lung
cancer patients and tumor response to nab-paclitaxel in
advanced or metastatic NSCLCs. Pretreatment biopsy
specimens were obtained from nine transbronchial lung
biopsies (TBLBs), three transbronchial biopsies (TBB), three
computed tomography-guided lung biopsies, 13 endobron-
chial ultrasound-guided transbronchial needle aspirations
(EBUS-TBNA), and 15 surgical specimens (12 primary
lesions and three metastatic lesions). Tumor response evalu-
ated according to RECIST Version 1.1 revealed that the best
overall response to chemotherapy that could be achieved up
to regression or recurrence was a partial response in 20 cases
(47%), stable disease in 13 cases (30%), and progressive
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Figure | Expression of SPARC in lung cancer tissues.
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Notes: Immunohistochemical staining of lung adenocarcinoma tissue was performed using anti-SPARC antibody (A, x400) and lung squamous cell carcinoma tissue (B, x400).
Counter staining was performed by hematoxylin. (C) (a) CT findings of the lung tumor in one case: a primary tumor was observed in the left lower lobe. The tumor position
is indicated by the yellow arrows. After two cycles of chemotherapy, the tumor was markedly reduced (b). Inmunohistochemical staining of TBLB samples from the primary

lesion before treatment were performed using anti-SPARC antibody (D, x400).

Abbreviations: SPARC, secreted protein acidic and rich in cysteine; CT, computed tomography; TBLB, transbronchial lung biopsy.

disease in 10 cases (23%; Table 4). Stromal SPARC reactivity
was ++ (>50%) in 18 cases (42%), + (10%—50%) in 11 cases
(25.5%), — (0%—10%) in five cases (11.5%), and not evalu-
able in nine cases (21%). Most nonevaluable cases had little
tumor stroma in the biopsy specimens, which was often
observed in EBUS-TBNA. Stromal SPARC reactivity was
high (++) in almost all evaluable cases with partial response
to nab-paclitaxel, intermediate (+) in seven of eleven of those
with stable disease, and low () in three of eight of those with
progressive disease, suggesting that stromal SPARC reactiv-
ity may be a predictive marker for nab-paclitaxel in NSCLC
(Table 4). In particular, high stromal reactivity is a reliable
marker for tumor shrinkage in response to nab-paclitaxel
(P=0.002 by Fisher’s exact test). A representative case is

Table 2 Survival outcome by multivariate Cox proportional hazards
analysis for NSCLC patients

Factors Hazard ratio P-value
(95% CI)

Gender (male/female) 2.45 (0.76-7.95) 0.14

Age 1.03 (1.00-1.07) 0.08

Smoking index (=400/<400) 1.09 (0.38-3.09) 0.88

Pathological stage 3.75 (1.89-7.42) <0.0l

SPARC (positive/negative) 1.58 (0.65-3.85) 0.31

Abbreviations: Cl; confidence interval; NSCLC, non-small-cell lung cancer; SPARC,
secreted protein acidic and rich in cysteine.

described as follows. Figure 1 shows a case of inoperable
stage IITA squamous cell carcinoma in a 70-year-old woman
with smoking index 900. After two cycles of carboplatin plus
nab-paclitaxel as a first-line chemotherapy, primary tumor
and lymph node metastasis were markedly reduced. Figure 1
shows that SPARC was overexpressed in tumor stroma in
TBLB specimen obtained before treatment.

Discussion
We have demonstrated that stromal SPARC reactivity is
high in patients with squamous cell carcinoma who are
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Figure 2 Cumulative Kaplan—Meier survival curves stratified according to SPARC

immunostaining of specimens from patients in pathological stage I.
Abbreviation: SPARC, secreted protein acidic and rich in cysteine.
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Table 3 Clinicopathological characteristics of NSCLC patients
who received chemotherapy

Total (N=43)
Age, years 49-80 (mean 70)
Gender Male (n=33)

Female (n=10)
BI <400 (n=10)

=400 (n=33)
Histology Ad (n=19)

Sq (n=18)

Other (n=6)
Stage lIA (n=5)

IB/IV (n=27)

Post-operative recurrence (n=11)
Specimen TBB, TBLB (n=12)

CT-guided lung biopsy (n=3)
EBUS-TBNA (LNs) (n=13)

Surgical specimen (n=15)

Abbreviations: NSCLC, non-small-cell lung cancer; Bl, Brinkman index; Ad,
adenocarcinoma; Sq, squamous cell carcinoma; TBB, transbronchial biopsy; TBLB,
transbronchial lung biopsy; CT, computed tomography; EBUS-TBNA, endobronchial
ultrasound-guided transbronchial needle aspiration; LNs, lymph nodes.

smokers and correlated with poor prognosis. Strong SPARC
stroma reactivity was seen in lung cancer patients who
evidenced tumor response to chemotherapy containing
nab-paclitaxel. These results suggest that SPARC expres-
sion might be involved in tumor progression and response
to nab-paclitaxel.

SPARC has an important role in tissue remodeling, angio-
genesis, and embryonic development. In normal tissues and
bones, SPARC is expressed during remodeling and repair,
but not in a stationary state.'*'* However, SPARC has been
reported to be overexpressed in, and correlated with poor
prognosis with, various cancers, such as breast, pancreas,
head and neck, bladder, and cervix uteri cancers.!*!215-17 In
breast cancer, overexpression of SPARC is associated with
microcalcifications and bone metastases.!® Another study
reported that SPARC was detected in 54.2% of 253 cases

Table 4 Relationship between stromal SPARC reactivity in biopsy
or surgical specimens and tumor response to nab-paclitaxel in
NSCLC

Tumor Stromal SPARC reactivity P-value
response “) ) ++) NE

PR (n=20) 0 2 13 5 0.002*
SD (n=13) 2 7 2 2 0.02+*
PD (n=10) 3 2 3 2

Notes: *PR vs SD; **PR vs PD evaluable cases only.

Abbreviations: SPARC, secreted protein acidic and rich in cysteine; NSCLC, non-
small-cell lung cancer; NE, not evaluated; PR, partial response; SD, stable disease;
PD, progressive disease.

with resected infiltrating ductal carcinoma of the breast."
According to our result, where stromal SPARC reactivity
was correlated with vessel invasion, it is speculated to be
associated with cancer invasion and metastasis. Because
SPARC expression was observed in stromal tissue but not in
cancer cells, we assume that SPARC may function as a tumor
promoter mediated through a cancer—stromal interaction.

SPARC expression in the stroma, but not in the tumor
cells, was correlated with improved survival of pancreatic
cancer patients treated with nab-paclitaxel in conjunction
with gemcitabine.'> Albumin acts as a drug carrier and accu-
mulates in solid tumors due to leaky capillaries combined
with an absent or defective lymphatic drainage system.
SPARC has an ability to bind albumin, causing albumin
accumulation in malignant tissues.?*?! This binding abil-
ity might be involved in the association between SPARC
expression and nab-paclitaxel efficacy. We demonstrated
a significant correlation between stromal SPARC reactiv-
ity in NSCLC and tumor response to nab-paclitaxel using
biopsy or surgical specimens obtained from patients previ-
ously treated with chemotherapy. These results suggest that
high stromal reactivity of SPARC has the potential to be a
predictive factor for nab-paclitaxel efficacy in patients with
lung cancer. Transcytosis from vessel to tumor tissue medi-
ated through caveolae is well known to be a method of drug
delivery for nab-paclitaxel.?> A high level of caveolin-1,
amajor component of caveolae, in tumor stroma was reported
to be associated with improved response to nab-paclitaxel
in conjunction with carboplatin and improved survival in
NSCLC patients.* Molecules related to drug delivery, such
as SPARC and caveolin-1, may therefore be useful as predic-
tive markers for nab-paclitaxel. There are few patients with
progressive disease, so further investigation is necessary to
increase the number of cases.

A limitation of this proposed assay system is the dif-
ficulty in evaluating SPARC expression in tumor stroma in
advanced cases due to the small sizes of tissue specimens.
Furthermore, aspiration biopsy of lymph node using EBUS-
TBNA cannot be used for the evaluation because stromal
tissue is not contained in lymph nodes. Recently, endo-
bronchial ultrasonography with a guide sheath (EBUS-GS)
enables us to perform biopsy of small lesions in the peripheral
region.”* Using such new technology, biopsy of the primary
lesion should be promoted for the evaluation of stroma. nab-
Paclitaxel demonstrates a higher response rate in patients with
squamous cell carcinoma, and in some cases they evidence
marked tumor shrinkage as presented in Figure 1. If SPARC
is available as a predictive marker in the clinical setting,
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we expect that nab-paclitaxel will occupy the forefront of
tailor-made therapy for lung cancer, especially squamous
cell carcinoma.

Conclusion

nab-Paclitaxel demonstrates a higher response rate in patients
with squamous cell carcinoma, and in some cases they evi-
dence marked tumor shrinkage as presented in Figure 1. If
SPARC is available as a predictive marker in the clinical set-
ting, we expect that nab-paclitaxel will occupy the forefront
of tailor-made therapy for lung cancer, especially squamous
cell carcinoma.
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