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Aim: Although several clinical trials demonstrated the benefits of platinum-combination adjuvant
chemotherapy for stage II–IIIA lung adenocarcinoma, predictive biomarkers for the efficacy of such therapy
have not yet been identified. We evaluated protein overexpression of actinin-4 as a predictive biomarker
of the efficacy of adjuvant chemotherapy in resected lung adenocarcinoma. Materials & methods: We
measured actinin-4 protein levels in patients with completely resected stage II–IIIA lung adenocarcinoma
using immunohistochemistry and then retrospectively compared survival between adjuvant chemother-
apy and observation groups. Results: A total of 148 eligible patients were classified into actinin-4 positive
or negative cases by immunohistochemistry. In the former, patients with adjuvant chemotherapy survived
significantly longer than those with observation (hazard ratio [HR]: 0.307; p = 0.028). But, no significant
survival benefit was noted with adjuvant chemotherapy (HR: 0.926; p = 0.876) in the latter. Conclu-
sion: This marker could predict the efficacy of adjuvant chemotherapy for resected lung adenocarcinoma
patients.
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Non-small-cell lung cancer (NSCLC) is one of the most lethal malignancies worldwide. Surgical resection is the most
potentially curative treatment and is the standard treatment choice for patients with early stage NSCLC. However,
despite curative surgery, the 5-year survival of NSCLC patients is 46–64% at stage IIA, about 36–49% at stage
IIB and just 25% at stage IIIA [1,2]. Several meta-analyses and randomized controlled trials, including the JBR.10
and ANITA trials, have demonstrated the efficacy of adjuvant chemotherapy for NSCLC patients [3–6]. Although
adjuvant cisplatin-based chemotherapy is recommended as standard care in completely resected NSCLC patients
with stage II–IIIA [7,8], the relative reduction in the risk of death of patients undergoing adjuvant chemotherapy is
modest in comparison with that of patients without adjuvant chemotherapy (hazard ratio [HR] for stage II: 0.83;
95% CI: 0.73–0.95; and HR for stage III: 0.83; 95% CI: 0.72–0.94). Therefore, the identification of predictive
biomarkers for the efficacy of adjuvant chemotherapy for stage II–IIIA is required in the clinical setting. To identify
companion diagnostic biomarkers for adjuvant chemotherapy, numerous prognostic factors as well as predictive
factors for adjuvant chemotherapy have been investigated for early stage NSCLC [9–14].
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Actinin-4 (gene name: ACTN4) is an actin-bundling protein that directly regulates cell motility through remod-
eling of the actin cytoskeleton [15]. We recently developed a practical method for the detection of actinin-4 protein
expression using immunohistochemistry (IHC). The use of this method showed that actinin-4 protein expression
is closely associated with poor outcomes in patients with various cancers [15–18]. Overexpression of actinin-4 induces
the formation of cellular processes termed filopodia and lamellipodia that are closely associated with cell motility
and cancer invasion, and confer a highly metastatic phenotype on cancer cells [19]. It is thought that adjuvant
chemotherapy controls latent metastatic lesions that could not have been detected by imaging modalities. If there
were a biomarker that could evaluate the metastatic ability of cancer cells, it may be possible to predict the efficacy
of adjuvant chemotherapy.

A retrospective study was performed to assess the efficacy and feasibility of adjuvant platinum-combination
chemotherapy for patients with stage II–IIIA lung adenocarcinoma, as well as the utility of actinin-4 as a predictive
biomarker for such patients.

Materials & methods
Study population
A total of 1076 patients with adenocarcinoma of the lung underwent complete surgical resection at the National
Cancer Center Hospital in Japan from January 2008 to December 2011. Eligible subjects were those with a
histologically confirmed lung adenocarcinoma with pathological stage IIA, IIB or IIIA in accordance with tumor
node metastasis staging (seventh edition) [20] and with adjuvant platinum-combination chemotherapy. Ineligible
subjects are described in Figure 1. Ultimately, 148 patients with adenocarcinoma of the lung were enrolled according
to the Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK) [21] (Figure 1). This study
was conducted with the approval of the Institutional Review Board of the National Cancer Center. The procedures
followed were in accordance with the ethical standards of the responsible committee on human experimentation
(institutional or regional) and with the Helsinki Declaration of the World Medical Association.

Patient data
The following data were extracted: patient characteristics: age, sex and Eastern Cooperative Oncology Group
Performance Status (ECOG PS) at the start of adjuvant chemotherapy, smoking status, Charlson Comorbidity
Index (CCI), pathological stage after surgery, type of surgery and histological diagnosis before and after surgery;
type of chemotherapeutic agents administered, dose, treatment cycle and toxicity;) recurrence patterns assessed by
follow-up imaging studies and by more invasive procedures, including bronchoscopy and computed tomography-
guided needle biopsies, in cases requiring a pathological diagnosis; and recurrence-free survival (RFS) and overall
survival (OS). Local recurrences were defined as those at the surgical margins, the bronchial stump or in the regional
lymph nodes. Distant recurrences were defined as those in solid organs, such as residual lung, brain, bone or lymph
nodes that were not resected in the primary operation. All patients gave their written, informed consent to analyze
their medical records after treatments.

Immunohistochemical staining for actinin-4 & assessment
Formalin-fixed paraffin-embedded tissue specimens from resected lung adenocarcinomas were immunohistochem-
ically analyzed with an anti-human actinin-4 monoclonal antibody (N-terminal actinin-4) (Abnova Corporation,
Taipei, Taiwan) [17,22]. Immunoperoxidase staining was performed as described. Immunoreactivity was classified
as positive or negative as follows. Positive expression of actinin-4 protein by IHC in cancer cells was defined as a
positive reaction that was more intense than that of vascular endothelial cells present in the same section and was
evident in more than 30% of the tumor area. Any lower level of immunoreactivity was classified as IHC negative.
The criterion (>30%) for assessment of ACTN4 expression by IHC was defined according to the previous study in
which we evaluated the expression status of ACTN4 in three independent cohorts totaling 1033 patients with stage
I lung adenocarcinoma [22]. IHC results were judged independently by three investigators (H Shiraishi, Y Watabe
and T Kakuya) who were unaware of the clinical data, and consensus was reached for any discordant cases. The
utility of this criterion was proven in our previous studies involving salivary gland carcinoma [17] and pancreatic
cancer [17,22,23].
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1076 patients who underwent surgery for adenocarcinoma at
the National Cancer Center Central Hospital from 2008 to 2011

880 ineligible patients
851 with pathological stage IA–IB
6 with pathological stage IIIB–IV

18 with incomplete resection
5 with recurrence

196 patients with p-stage IIA–IIIA

48 ineligible patients
12 had metastases before adjuvant chemotherapy

14 received adjuvant UFT therapy
6 received immunotherapy

5 received neoadjuvant therapy

3 received adjuvant radiotherapy
6 were lost to follow up

2 died right after surgery (within 8 weeks)

91 patients were observed
52 refused chemotherapy

20 were decided by the doctor
9 were elderly

7 had complications
3 had postoperative complications

57 patients received chemotherapy
31 received CDDP (80 mg/m2) / VNR (25 mg/m2)

21 received CDDP (80 mg/m2) / DTX(60 mg/m2)
4 received CBDCA (AUC6) / PTX (200 mg/m2)

1 received CDDP (80 mg/m2) / VNR (20 mg/m2)

148 parents enrolled
in this study

Figure 1. Eligibility of patients with stage II and IIIA adenocarcinoma of the lung. Out of 1076 patients who
underwent complete surgery for adenocarcinoma between 2008 and 2011, 148 patients with stage II and IIIA
adenocarcinoma of the lung according to Reporting Recommendations for Tumor Marker Prognostic Studies
(REMARK) were enrolled.
AUC: Area under the concentration–time curve; CBDCA: Carboplatin; CDDP: Cisplatin; DTX: Docetaxel; PTX: Paclitaxel;
VNR: Vinorelbine.

Statistical analysis
Exploratory analyses were performed to characterize relationships between marker levels, baseline clinical charac-
teristics and survival. Comparisons of baseline characteristics were performed using the χ2 test, Fisher’s exact test
or the Mann–Whitney test. Kaplan–Meier product-limit methods and the log-rank test were used to estimate and
test overall survival distributions and their differences between markers and treatment arms, and multivariable Cox
regression models were used to validate the prognostic and predictive effects of markers on survival while adjusting
for baseline factors. All reported p-values are two-sided, and a level of 5% (p = 0.05) was considered significant.
These analyses were performed using the SPSS statistical package (SPSS ver. 21.0 for Windows; SPSS Inc., IL,
USA).
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Table 1. Baseline patient characteristics.
Factor All patients

Obs (n = 91) Adj (n = 57) p-value

Age (years)

Median (range) 68 (49–83) 60 (30–75) �0.01†

Sex

Male 46 (51%) 30 (53%) 0.805§

Female 45 (49%) 27 (47%)

ECOG PS

0 51 (56%) 48 (84%) �0.01§

1 40 (44%) 9 (16%)

Smoking status

Never a smoker 36 (40%) 19 (33%) 0.446§

Ex-smoker 55 (60%) 38 (67%)

p-TNM Stage

IIA 31 (34%) 22 (39%) 0.082§

IIB 21 (23%) 5 (8%)

IIIA 39 (43%) 30 (53%)

Tumor size (cm)

Median (range) 3.2 (1.1–14.0) 2.5 (1.2–7.5) �0.01†

T status

T1 23 (25%) 30 (53%) �0.01‡

T2 37 (41%) 16 (28%)

T3 26 (29%) 10 (18%)

T4 5 (5%) 1 (1%)

N status

N0 25 (27%) 5 (9%) �0.01§

N1 39 (43%) 24 (42%)

N2 27 (30%) 28 (49%)

CCI

0 61 (67%) 54 (95%) �0.01§

1 or more 30 (33%) 3 (5%)

Type of surgery

Lobectomy 82 (90%) 53 (93%) 0.863§

Bilobectomy 5 (6%) 2 (3%)

Pneumonectomy 1 (1%) 1 (2%)

Other 3 (3%) 1 (2%)

†Mann–Whitney test.
‡Fisher’s exact test.
§� 2 test was used for comparison between the two groups.
Adj: Adjuvant chemotherapy; CCI: The Charlson Comorbidity Index; ECOG PS: Eastern cooperative Oncology Group Performance Status; IHC: Immunohistochemistry; Obs: Observation;
p-TNM Stage: UICC (Union for International Cancer Control).

Results
Baseline patient characteristics
Selection of the 148 patients with stage II or IIIA adenocarcinoma of the lung is summarized in Figure 1. The
clinical characteristics of these enrolled patients are shown in Tables 1 and 2. Out of these 148 patients, 91
(61.5%) were observed without adjuvant therapy (observation [Obs] group), and 57 (38.5%) underwent adjuvant
chemotherapy with platinum-combination therapy (adjuvant chemotherapy (Adj) group) after complete resection
of the tumor. Seventy-five patients were actinin-4-IHC-positive (IHC(+)), and 73 were actinin-4-IHC-negative
(IHC(-)). Significant differences in baseline characteristics between Obs and Adj group patients were seen for age,
ECOG PS, tumor size, T-status, N-status and CCI, and a significant difference between actinin-4-IHC(+) and
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Table 2. Baseline characteristics of the patients with positive/negative immunohistochemical staining for actinin-4.
All patients p-value

IHC+ (n = 75) No. (%) IHC- (n = 73) No. (%)

Age (years)

Median (range) 67 (35–83) 65 (30–83) 0.115†

Sex

Male 44 (59%) 32 (44%) 0.071‡

Female 31 (41%) 41 (56%)

Smoking status

Never a smoker 24 (32%) 31 (42%) 0.188‡

Ex-smoker 51 (68%) 42 (58%)

p-TNM stage

IIA/B 40 (53%) 39 (56%) 0.991‡

IIIA 35 (47%) 34(46%)

Tumor size (cm)

Median (range) 2.9 (1.1–10.2) 2.8 (1.2–14.0) 0.54†

T factor

T1/2 50 (67%) 56 (77%) 0.175‡

T3/4 25 (33%) 17 (23%)

N factor

N0 19 (25%) 11 (15%) 0.120‡

N1/2 56 (75%) 62 (85%)

Adjuvant chemotherapy

Non (Obs) 53 (71%) 38 (52%) 0.020‡

Yes (Adj) 22 (29%) 35 (48%)

Type of surgery

Lobectomy 68 (91%) 67 (92%) 0.989‡

Bilobectomy 4 (5%) 3 (4%)

Pneumonectomy 1 (1%) 1 (1%)

Other 2 (3%) 2 (3%)

†Mann–Whitney test.
‡� 2 test was used for comparison between the two groups.
IHC: Immunohistochemistry; p-TNM stage: UICC (Union for International Cancer Control).

IHC(-) group patients was seen for the presence of adjuvant chemotherapy. The details of adjuvant chemotherapy
regimens, drug delivery, toxicity and recurrence patterns are shown in Supplementary Tables 1A & B and 2A–C.

Prognostic impact of actinin-4 protein expression in the observation group of patients with
adenocarcinoma of the lung
Figure 2A–C shows representative actinin-4 protein expression patterns in pathological sections resected from

patients with adenocarcinoma of the lung. Actinin-4 protein expression was not observed in the epithelia of the
bronchial tubes and alveolus (Figure 2A). Representative negative and positive staining patterns are shown in
Figure 2B & C, respectively.

We previously reported that actinin-4 protein overexpression is a prognostic biomarker for adenocarcinoma of
the lung. This is the first time that the prognostic impact of actinin-4 protein expression was examined in patients
who never underwent adjuvant chemotherapy.

The OS of actinin-4-IHC(+) patients was shorter than that of actinin-4-IHC(-) patients (p = 0.021; log-rank
test) (Supplementary Figure 1). Univariate Cox regression analysis for death showed no significant differences
associated with age, sex, smoking status, p-stage or CCI. However, the HR of the actinin-4-IHC(+) group was
significant (HR: 2.37; 95% CI: 1.111–5.065, univariate and multivariate analyses p = 0.026), suggesting that
actinin-4 protein expression was an independent prognostic factor for stage II and IIIA adenocarcinoma of the
lung (Supplementary Table 3). Analysis of the effect of adjuvant chemotherapy indicated no significant difference
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Figure 2. Expression of the actinin-4 protein in adenocarcinoma of the lung, and in the epithelia of alveoli and
Kaplan–Meier curves of overall survival and recurrence-free survival in all patients. Representative actinin-4 protein
expression in the epithelia of alveoli (A) and in adenocarcinoma of the lung (B & C), as determined using
immunohistochemistry (IHC). Tissues negative (B) or positive (C) for actiin-4 protein expression are shown.
Kaplan–Meier curves of OS (D) and RFS (E) of patients who underwent adjuvant chemotherapy (Adj: red line) or who
were observed without adjuvant chemotherapy (Obs: blue line) are shown. OS (F & H) and RFS (G & I) of Kaplan–Meier
curves of Actinin-4-IHC(+) (F & G) or actinin-4-IHC(-) (H & I) patients who underwent adjuvant chemotherapy (Adj: red
line) or who were observed without adjuvant chemotherapy (Obs: blue line) are shown. Statistically significant
differences (p-values) between the survival times of Adj and Obs patients were calculated using a log-rank test.
Hazard rations (HRs) for the risk of death and 95% CIs were calculated using Cox regression univariate analysis.
IHC: Immunohistochemistry; OS: Overall survival; RFS: Recurrence-free survival.
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Table 3. Cox analyses of potential prognostic factors for overall survival in the actinin-4 positive group.
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (years) ≥65 vs �65 1.549 (0.734–3.269) 0.25

Sex Male vs female 0.453 (0.216–0.948) 0.036 0.487 (0.232–1.022) 0.057

Smoking status Ex vs never 0.716 (0.337–1.518) 0.383

p-TNM Stage IIIA vs IIA·IIB 1.066 (0.520–2.186) 0.862

CCI ≥1 vs 0 1.792 (0.835–3.846) 0.134

Treatment Chemotherapy vs
observation

0.307 (0.107–0.882) 0.028 0.328 (0.114–0.945) 0.039

Cox analyses of potential prognostic factors for OS in the actinin-4 negative group

Age (years) ≥65 vs �65 1.542 (0.567–4.193) 0.396

Sex Male vs female 0.620 (0.299–1.680) 0.347

Smoking status Ex vs never 0.647 (0.249–1.684) 0.372

p-TNM Stage IIIA vs IIA·IIB 2.511 (0.883–7.145) 0.084

CCI ≥1 vs 0 1.087 (0.354–3.342) 0.884

Treatment Chemotherapy vs
observation

0.926 (0.355–2.419) 0.876

CCI: The Charlson Comorbidity Index; HR: Hazard ratio; p-TNM Stage: UICC (Union for International Cancer Control).

in OS between actinin-4-IHC(+) and actinin-4-IHC(-) subgroups (p = 0.846, log-rank test), and the 5-year OS
rates were 82.9 and 65.0%, respectively (Supplementary Figure 2).

Prediction of the efficacy of adjuvant chemotherapy by IHC analysis of actinin-4
On Kaplan–Meier analysis, the Adj group had better OS and RFS than the Obs Group (p = 0.023, log-rank test)
and significantly higher 5-year OS and RFS rates (72.9 and 57.5%, respectively) than the Obs group (58.3 and
36.8%, respectively) (Figure 2D & E).

On analysis of actinin-4 IHC patterns, the patients in each group were then classified into two subgroups based
on actinin-4 protein positive or negative expression (positive and negative subgroups, respectively). Kaplan–Meier
analysis of the actinin-4-IHC(+) subgroups indicated that the prognosis of the actinin-4-IHC(+) Adj subgroup
was significantly better than that of the actinin-4-IHC(+) Obs subgroup (p = 0.028 log-rank test), and the
5-year OS of the actinin-4-IHC(+) Adj subgroup was better than that of the actinin-4-IHC(+) Obs subgroup
(82.9 vs 45.6%), and it was improved compared with that of the total Adj group (Figure 2F). In contrast, in the
actinin-4-IHC(-) subgroups, there was no improvement in the 5-year OS of the Adj subgroup (65.0%) compared
with that of the Obs subgroup (76.7%). Moreover, there was no significant difference between the survival curves
of the actinin-4-IHC(-) Adj and Obs groups (Figure 2H).

Regarding RFS, the RFS of the actinin-4-IHC(+) Adj subgroup was significantly longer than that of the actinin-
4-IHC(+) Obs group (p = 0.045, log-rank test) (Figure 2G). However, there was no significant difference between
the RFS curves of the actinin-4-IHC(-) Adj and Obs groups (p = 0.204, log-rank test) (Figure 2I).

The HR of death calculated for all patients without subgroup analysis using the Cox proportional hazard
model was significantly lower in the Adj group than in the Obs group (HR: 0.474; 95% CI: 0.246–0.916,
univariate analysis) (Figure 2D). In contrast, in the actinin-4-IHC(+) subgroups, the HR for death in the Adj
group was significantly improved compared with the Obs group (HR: 0.307; p = 0.028; 95% CI: 0.107–0.882,
Cox proportional univariate analysis) (Table 3). Although sex and the status of adjuvant chemotherapy remained
significant on univariate analysis of the actinin-4-IHC(+) subgroups, the adjuvant chemotherapy status was
identified as the most significant independent prognostic factor on Cox proportional multivariate analysis (HR:
0.328; 95% CI: 0.114–0.945; p = 0.039). The HR of the actinin-4-IHC(+) subgroups for death (0.307) was lower
than that for all patients that were not selected by actinin-4 (0.474). In contrast, in the actinin-4-IHC(-) subgroups,
Cox proportional univariate analysis did not indicate any improvement in HR by adjuvant chemotherapy (HR:
0.926; 95% CI: 0.355–2.419; p = 0.876) (Table 3). Significant differences were also not recognized for other
clinical factors, such as age, sex, smoking status, p-stage and CCI.
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Discussion
In this retrospective study, actinin-4 was identified as a novel candidate biomarker for prediction of the efficacy of
adjuvant chemotherapy with platinum-combination therapy in stage II–IIIA adenocarcinoma of the lung.

Actinin-4 was investigated as a potential biomarker for the metastatic potential of cancer cells in this study
because actinin-4 functions in the production of cellular protrusions that are involved in cancer invasion [16,17,23,24].
Thus, actinin-4 overexpression confers metastatic potential on cancer cells and is closely associated with cancer
invasion and metastasis in some kinds of cancers. We had also identified actinin-4 as a prognostic biomarker for
invasive ductal breast cancer [15]. Moreover, amplification of the ACTN4 gene, which is one cause of actinin-4
protein overexpression, was identified in pancreatic cancer [23], ovarian cancer [18], salivary gland carcinoma [17] and
adenocarcinoma of the lung [22].

In patients that were observed without adjuvant chemotherapy, OS of the actinin-4-IHC (+) subgroup was
significantly shorter than that of the actinin-4-IHC(-) subgroup, as was seen for gene amplification of ACTN4 in
stage I adenocarcinoma of the lung. In contrast, no significant difference in OS was found between the actinin-4-
IHC(+) and actinin-4-IHC(-) subgroups in patients undergoing adjuvant chemotherapy. These data suggest that
protein expression of actinin-4 may not be a simple prognostic biomarker.

Although survival in patients with and without adjuvant chemotherapy could not be directly compared because of
selection bias, the present data suggested that actinin-4 protein expression might be not only a prognostic biomarker
for patients who are observed without adjuvant chemotherapy but also a predictive biomarker for the efficacy of
adjuvant chemotherapy in stage II and IIIA adenocarcinoma of the lung. In addition, the HR for death in the
adjuvant chemotherapy actinin-4-IHC(+) subgroup compared with the nonadjuvant therapy actinin-4-IHC(+)
subgroup was lower than the HR for death of the adjuvant chemotherapy in all patients (HR: 0.474; 95% CI:
0.246–0.916, Cox regression univariate analysis) (Figure 2D & F & Table 3A & B). It was therefore considered
that IHC analysis of tumor specimens with an anti-actinin-4 antibody might be useful for personalized treatment
of adenocarcinoma of the lung by identifying patients with stage II or IIIA adenocarcinoma who have the potential
to benefit from adjuvant chemotherapy with a platinum combination. On the other hand, there was no meaningful
association of recurrence pattern with actinin-4-IHC status (Supplementary Table 2A).

We recently demonstrated the possibility that overexpression of ACTN4 mRNA in patients with stage IB and
II NSCLC can predict the efficacy of adjuvant chemotherapy with vinorelbine and cisplatin [25]. Our finding was
based on re-analysis of a database constructed by JBR.10, which was a prospective study to prove the clinical
benefit of adjuvant chemotherapy with vinorelbine and cisplatin for NSCLC. Re-analysis of the comprehensively
enrolled mRNA expression profiles that were analyzed by JBR.10 indicated that the ACTN4 mRNA overexpression
subgroup received significant clinical benefit from adjuvant chemotherapy with vinorelbine and cisplatin (HR:
0.273; 95% CI: 0.079–0.952). In contrast, ACTN4 mRNA weak or negative expression subgroups did not receive
clinical benefit from adjuvant chemotherapy (HR: 1.008; 95% CI: 0.574–1.765).

Moreover, we established a cell line of adenocarcinoma of the lung in which actinin-4 protein expression was
reduced by siRNA. Although this cell line was not sensitive to cisplatin, interestingly its metastatic ability was
significantly reduced [25].

These data suggest that the tumors of patients who overexpress the actinin-4 protein have metastatic ability
without a decrease in chemosensitivity to cisplatin, and that such patients with lung adenocarcinoma should receive
platinum-based adjuvant chemotherapy after surgery. Our previous study suggested that protein overexpression
and gene amplification of ACTN4 were prognostic biomarkers for patients with lung adenocarcinoma who never
underwent adjuvant chemotherapy. In contrast, in this present study, ACTN4 appears to be a potential biomarker
for the efficacy of adjuvant chemotherapy for stage II and III NSCLC. Because patients with overexpression of
ACTN4 have higher metastatic ability than patients without overexpression of ACTN4, the minimal residual
diseases that could not be removed by surgical treatment could be controlled by adjuvant chemotherapy.

One of the limitations of the present study is that it had a small sample size and was a retrospective study.
This study had a selection and observation bias because the attending physician decided whether the patient was
treated with adjuvant chemotherapy depending on PS, age, concomitant disease and patient preference. To validate
the clinical usefulness of a biomarker, it is best to validate it in another cohort that was independently collected.
Since the Japanese clinical guideline has recommended adjuvant chemotherapy for patients with stage II and IIIA
NSCLC, it was difficult to collect enough recent samples of stage II and III NSCLC patients who never underwent
adjuvant chemotherapy. In order to avoid clinical bias and increase reliability for biomarker identification, the
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samples were retrospectively enrolled according to REMARK, which was advocated by a working group of the
National Cancer Institute-European Organization for Research and Treatment of Cancer (NCI-EORTC) as a
major recommendation to analyze prognostic significance. We are planning to begin a multicenter, prospective,
observational study to examine this marker’s possibilities. Ideally, a prospective, randomized study should be
conducted to clarify the benefits of tailored adjuvant chemotherapy for patients with stage I lung adenocarcinoma
after stratifying them on the basis of actinin-4 expression.

A second limitation is that the usefulness of this predictive biomarker for NSCLCs including squamous cell
carcinoma and large cell carcinoma was not examined. In our previous analysis, Noro et al. reported that patients
with adenocarcinoma of the lung with gene amplification of ACTN4 and without adjuvant chemotherapy had a
much worse outcome than patients without ACTN4 gene amplification [22]. In particular, the HR for death of the
former patients was 10.53 (Cox regression univariate analysis, 95% CI: 4.15–26.7), and it was higher than the
HR between stages IA and IB (HR: 6.89, 95% CI 2.26–21.0). Thus, ACTN4 gene amplification might be useful
as a predictive biomarker for personalized treatment to decide the strategy for adjuvant chemotherapy in stage I
adenocarcinoma of the lung. More recently, a prognostic classifier for stage I and II lung squamous cell carcinoma
was reported by an international collaborative study. This prognostic classifier consists of a two-gene signature
that was measured by comprehensive analysis of mRNA expression. This two-gene signature includes ACTN4.
This report demonstrated that overexpression of ACTN4 mRNA is a significant indicator of poor prognosis in
stage I and II squamous cell carcinoma of the lung. These data suggested that overexpression of ACTN4 might
be a biomarker for prediction of the efficacy of adjuvant chemotherapy not only for adenocarcinoma but also for
squamous cell carcinoma of the lung [26]. To confirm this hypothesis, a prospective clinical validation study of a
companion biomarker with actinin-4 for adjuvant chemotherapy including stage I should be designed in the future.

Conclusion
This retrospective study showed that actinin-4 protein overexpression assessed by IHC has the potential to be a
predictive biomarker of the efficacy of adjuvant chemotherapy for patients with stage II or IIIA adenocarcinoma
of the lung. This biomarker could help identify patients who would derive the greatest benefit from adjuvant
chemotherapy.
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Summary points

� Although several clinical trials demonstrated the benefits of platinum-combination adjuvant chemotherapy for
stage II and IIIA lung adenocarcinoma, predictive biomarkers for the efficacy of such therapy have not yet been
identified.

� We previously showed that protein overexpression of actinin-4 was associated with prognosis in early stage lung
adenocarcinoma.

� We measured actinin-4 protein levels in patients with completely resected stage II or IIIA lung adenocarcinoma
using immunohistochemistry (IHC) and then retrospectively compared survival between adjuvant chemotherapy
and observation groups.

� A total of 148 eligible patients were classified into actinin-4 positive (n = 75) or actinin-4 negative cases (n = 73)
by IHC.

� In the actinin-4 positive cases, patients with adjuvant chemotherapy survived longer than those with observation
(HR: 0.307; p = 0.028).

� In contrast, in the actinin-4 negative cases, no significant survival benefit was noted with adjuvant chemotherapy
(HR = 0.926; p = 0.876).

� One of the limitations is that this was a small sample size, retrospective study.
� Another limitation is that we did not identify the usefulness of this predictive biomarker for NSCLCs including

squamous cell carcinoma and large cell carcinoma.
� Overexpression of actinin-4 assessed by IHC is not only a prognostic marker but also potentially a predictive

biomarker of the efficacy of adjuvant chemotherapy for patients with stage II or IIIA adenocarcinoma of the lung.
� We are planning a multicenter, prospective, observational study to examine this possibility.
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