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(50 copies/pg RNA).

from the correlation between WT1 mRNA expression in
PB and BM (Figure 2), BM WT1 mRNA expression became
480 copies/pg RNA. When 500 copies/pg was evaluated
as the cut-off value for BM WT1 mRNA expression, the
sensitivity was 68.1% (47/69) and the specificity was 75.0%
(6/8). Based on these results, 500 copies/pg RNA was
considered to be an appropriate cut-off value for the dif-
ferential diagnosis between RA and AA using WT1 mRNA
expression in BM.

Comprehensive analysis using cut-off values

The PB and BM samples in each disease and MDS subtype
were further evaluated for their WT1-positive rates, using the
WT1 mRNA expression cut-off values determined above (PB:
50 copies/pg RNA; BM: 500 copies/pig RNA) (Table II). For
AML-MDS (11 patients), the WT1 mRNA-positive rates were
a high 100% (11/11) for PB and 90.9% (10/11) for BM, and
in MDS (115 patients), the WT1 mRNA-positive rates were
61.7% (71/115) for PB and 73.0% (84/115) for BM, which were
the second highest after AML-MDS, In contrast, all patients
with AA, ICUS, ITP, PNH, PRCA and erythroid hypoplasia

Table II. WT1 mRNA-positive rate in PB and BM from patients
with different MDS subtypes and AML-MDS according to FAB
classification.

WT1 mRNA-positive rate (%)
Subtype No. of patients Peripheral blood Bone marrow
RA 69 50.7 (35/69) 68.1(47/69)
RARS 9 44.4(4/9) 44.4(4/9)
RAEB 24 83.3(20/24) 87.5(21/24)
RAEB-t 13 92.3(12/13) 92.3(12/13)
AML-MDS 11 100.0 (11/11) 90.9 (10/11)
Total 126 65.1(82/126) 74.6 (94/126)

PB, peripheral blood; BM, bone marrow; MDS, myelodysplastic syndromes;
AML-MDS, acute myeloid leukemia-evolved MDS; FAB, French-American-
British; RA, refractory anemia; RARS, refractory anemia with ringed sideroblasts;
RAEB, refractory anemia with excess of blasts; RAEB-t, refractory anemia with
excess of blasts in transformation.

had low positive rates of 0% for PB and 18.8% (3/16) for BM.
The WT1 mRNA-positive rates for PB and BM increased with
MDS disease stage progression (Table II).

Discussion

In this study, the clinical usefulness of the measurement
of WT1 mRNA expression in risk assessment of MDS was
evaluated using a WT1 assay kit. Recently, a steady stream of
reports has indicated the usefulness of WI'1 mRNA measure-
ment. The group of Cilloni [6] confirmed that WT1 mRNA
expression potentially fulfills all the requirements for an
additional marker for risk assessment in MDS, compared
with the conventional methods. The measurement of WT1
can be effective, particularly in cases in which BM aspiration
and/or cytogenetic analysis fail or are not informative [6).

Furthermore, in their findings in a long-term prospective
study, Tamura et al. [19] reported that a significant correla-
tion (p = 0.0186) was seen between WT1 mRNA expression
and survival time when WT1 mRNA expression in PB was
categorized into three groups of less than 102, 102-104, and
greater than 10* copies/pg RNA, that the median survival
time for each group was 62.7 months, 29.9 months and 11.6
months, respectively; and that the time until transformation
to leukemia was the shortest in the group with the highest
WT1 mRNA expression. In addition, they reported that in
univariate analysis, WT1 mRNA expression was a predictive
parameter for transformation to leukemia, and in multivari-
ate analysis, it was a significant predictive parameter along
with the IPSS score [19]. As described above, Tamaki et al.
reported similar findings [4].

This study was.conducted using not only the FAB classi-
fication system but also the 2001 and 2008 WHO classifica-
tion systems. It was confirmed that in all three classification
systems, WI1 mRNA expression in both PB and BM
increases significantly in MDS subtypes with disease stage



progression. In addition, both PB and BM WT1 mRNA expres-
sion increased significantly as the risk of transformation to
AML rose in the IPSS and WPSS risk groups. Furthermore,
a correlation of r=0.57 between the IPSS score and WT1
mRNA expression was seen in both PB and BM. The correla-
tions between the WPSS score and WT1 mRNA expression
were r=0.61 in PB and r= 0.55 in BM. In comparison with
the IPSS, the WPSS allows the assessment of survival time and
progression of leukemic transformation at all time periods
during the clinical course, leading to continued prognostic
evaluation while reviewing the risk. WT'1 mRNA expression
correlates with the WPSS prognosis, and despite the single-
point quantitation, the results in this study indicate that WT1
mRNA is useful as a time-course prognostic marker in the
same manner as the WPSS.

At present, allogeneic hematopoietic stem cell transplant
is the only curative treatment for MDS. However, determina-
tion of the timing of allogeneic transplant is very difficult
because many patients are older, treatment-related deaths
frequently occur, and there are large individual differences
in the rate of disease progression. Allogeneic transplant
is selected as the therapeutic regimen for MDS when no
increase in blast cells is confirmed, taking into consider-
ation the development of transfusion dependency and fre-
quency of infections [20]. In addition, allogeneic transplant
is selected when a future increase in blast cells is predicted
by karyotypic analysis even though no increase is currently
observed. It is recommended that transplant be performed
before the progression to cytopenia caused by an increase
in blast cell clones and before the progression to acute leu-
kemia, although induction chemotherapy may be required
when an increase in blast cells is observed [21]. On the other
hand, another study suggested that delaying transplant until
the advanced stage of disease results in a longer survival
time for low and intermediate-1 IPSS risk groups, while
early transplant was recommended for the intermediate-2
and high groups [22]. The period after CR is achieved is
considered to be the standard timing to perform transplant
for acute leukemia, but determining CR is extremely chal-
lenging. Our results revealed that periodic monitoring of
WT1 mRNA expression in patients with MDS provided useful
information for predicting the timing of transplant.

RA, a subtype in the early MDS disease stage, is often
difficult to differentiate from AA [23]. In a previous study
by Iwasaki et al, no difference in WT1 mRNA expression
was observed between RA and AA [9]. However, our data
revealed the possibility of WT1 expression level to differ-
entiate AA and RA groups using both peripheral blood and
bone marrow samples (Figure 4). In the present statistical
analysis, significant differences were observed between AA
and hypoplastic RA (p = 0.04) in PB. The number of subjects
was limited, and further trial is required for more detailed
analysis. Moreover, tentative cut-off values for WT1 mRNA
expression were set at 50 copies/pug RNA in PB and 500
copies/pg RNA in BM. Although the number of patients
was small, the results showed that the level of WT1 mRNA
expression could differentiate between RA and AA, with
specificity in PB and BM of 100% (8/8) and 75.0% (6/8),
respectively. This provides evidence that the measurement
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of WT1 mRNA expression can play a role in the differential
diagnosis of RA and AA.

The WT1 assay kit is used clinically in Japan as a marker
to monitor MRD in patients wth AML. In MDS, a clonal dis-
order of pluripotent hematopoietic stem cells, WT1 mRNA
expression increases depending on the MDS subtype and
disease stage. In contrast, the mechanism by which WT1
mRNA expression increases in MDS is not considered to cor-
relate simply with the fluctuation in leukemic clones, as seen
in AML. In normal hematopoiesis, WT1 mRNA is expressed
mainly in CD34-positive cells. In contrast, in patients with
MDS, WT1 mRNA is also expressed in CD34-negative cells,
particularly in lineages exhibiting abnormalities [24]. In our
study, the level of WT1 mRINA expression within the RA group
was shown to increase with the increase in IPSS risk [Figure
3(c)]. Moreover, a similar trend of increasing WT1 expres-
sion was found in the RCUD and RCMD groups according
to the 2008 WHO classification, although no significant
increase in blast cells in BM was observed in these groups.
Taken together, these findings indicate that the increase in
WT1 mRNA expression in patients with MDS may reflect
the divergence of MDS clones from normal clones and
preleukemic changes.

In patients with MDS, evaluating the changes in WT1
mRNA levels simultaneously in PB and BM samples pro-
vides useful information on disease stage progression or
risk assessment in individual patients. In addition, the
WT1 mRNA-positive rate in each subtype of MDS was high
(50-90%) in both PB and BM in this study, suggesting that
a single measurement of WT'1 mRNA is sufficient for MDS
diagnosis, particularly for differentiating RA from AA.

Overall, this study provides evidence that the measure-
ment of the level of WIT mRNA expression in PB and BM
serves as a supplemental marker for MDS diagnosis and
prognostic assessment. This assay has great potential to
contribute to more appropriate diagnoses and therapeutic
decisions in patients with MDS and to evaluate the timing of
allogeneic transplant.

Potential conflict of interest: Disclosure forms provided
by the authors are available with the full text of this article at
www.informahealthcare.com/lal.
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Maintenance of complete remission after allogeneic stem cell
transplantation in leukemia patients treated with Wilms tumor 1

peptide vaccine
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The prognosis of patients after allogeneic hematopoietic stem cell
transplantation (HSCT) is still not satisfactory because, while
treatment-related mortalities have decreased, relapse after HSCT
remains a major concern. The effectiveness of allogeneic HSCT for
hematological malignancies is the result of immunologic rejection
of recipient leukemia cells b¥ donor T cells, known as the graft-
versus-leukemia (GVL) effect.’ It is thus obviously important to be
able to exploit the GVL effect while minimizing graft-versus-host
disease (GVHD). A targeted anti-leukemic immunotherapy, such as
use of a leukemia vaccine,? is a promising strategy to boost the
GVL effect.

Wilms tumor 1 (WT1) protein is one of the best targets for
leukemia vaccines. Overexpression of the wild-type WTT gene has
been detected in all types of human leukemia, >~ We performed a
phase | clinical study of immunotherapy targeting the WT1 protein
in patients with leukemia, and were able to show that WT1
vaccination was safe and could induce WT1-specific cytotoxic
T lymphocyte (CT 1).% Furthermore, reduction of minimal residual
disease and long-lasting complete remission (CR) was observed in
some leukemia patients who were given the WT1 vaccine.’

This report presents the results of phase | clinical study of WT1
vaccination for HLA-A*2402-positivie post-HSCT patients who
were at high risk of relapse (HSCT in non-CR and 2nd HSCT for
post-transplant relapse) or had already relapsed. The HLA-A*2402-
restricted modified 9-mer WT1 peptide (amino acids 235-243
CYTWNQMNL)® was emulsified with Montanide ISA51 adjuvant.
Patients were intradermally injected with 1.0mg (three patients:
UPNs 1, 4 and 6) or 3.0 mg (other six patients) of WT1 peptide four
times weekly. When no adverse effects and no obvious disease
progression were observed after the fourth injection, further WT1
vaccinations at 2-week intervals were administered.

Nine patients (five with acute myeloid leukemia (AML), one each
with acute lymphoblastic leukemia, chronic myelomonocytic
leukemia, multiple myeloma and T-cell lymphoblastic lymphoma)
were enrolled in this study (Supplementary Tables 1 and 2).
Local inflammatory response was observed at the vaccine
injection sites of all patients. One patient (UPN5) suffered mild
hypoxia (PaO, 65mmHg at room air) and restrictive pulmonary
dysfunction (FEV, o 40%) 65 days after the start of WT1 vaccination
(day 199 after HSCT; Figure 1a). He was diagnosed with
bronchioleitis obliterans (BO), which was a symptom of chronic
GVHD. The patient recovered soon after administration of inhaled
steroids. While early and sudden discontinuation of prednisolone
and tacrolimus (day 103 after HSCT) were considered to be the
reason for development of BO, the possibility of an association
between BO and WT1 vaccination cannot be entirely ruled out. In
other eight patients, no severe toxicities related to WT1 vaccine
were observed (Table1).

Three AML patients (UPN1-3), who had undergone HSCT in
non-CR, started WT1 vaccine in CR (Supplementary Tables 1 and 2).
They started WT1 vaccination on post-HSCT days 141, 76 and 93

and have remained in CR for 1038, 973 and 662 days, respectively
(as of 8 April 2013; Table1), suggesting the potential of WT1
vaccination as a maintenance therapy after HSCT.

Six patients started WT1 vaccination in non-CR and two of them
became CR after WT1 vaccination. One B-ALL patient (UPN4) with
MLL-AF4 underwent bone marrow transplantation from an
HLA-matched unrelated donor during the first CR. On post-HSCT
day 111, MLL-AF4 and WT1 mRNA in peripheral blood (PB) had
increased to 16 000 and 15 000 copies/jig RNA, indicating that the
disease had relapsed. Tacrolimus and prednisolone doses were
tapered off to induce GVL effects. The expression levels of
MLL-AF4 and WTT mRNA in PB had decreased to 2700 and 190
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Figure 1. Clinical course of patients who attained CR after the start

of WT1 peptide vaccination. (a) Clinical course of UPN5 who
achieved CR after administration of WT1 vaccine but stopped
vaccination because of the development of bronchioleitis obliter-
ans. (b) Clinical course of UPN4. Residual leukemia cells that were
detected by MLL/AF4 expression disappeared after the start of WT1
vaccination. In both cases, rapid tapering of immune-suppressive
drugs preceded WT1 peptide vaccination.
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Table 1. Patient outcomes

UPN  Disease Status before  Adverse Number of Outcome  Additional therapy Survival

vaccination events vaccine doses
Post- After start of
HSCT vaccination

1 AML (M4) CR None 54 CR - 1179 + 1038+

2 AML(M4, DEK/CAN +) CR PLT| 52 CR — 1049 + 973+

3 AML CR None 38 CR - 759+ 662 +

4 B-ALL (MLL/AF4 +) Molecular None 71 CR - 13124 1179+

relapse
5 AML (M4) Relapse Amylase 1, bronchileitis 2 CR - 972+ 842 4+-°
obliterans (cGVHD)?

6 CMMoL Relapse None 25 PD¢ Chemo 2265 381

7 MM PD None 19 PD Chemo 1301 + 804 +

8 T-LBL Relapse None 4 PD Second transplant 955 656

9 AML (M2) Relapse None 17 PD Second transplant 1544 + 749 +
Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CMMolL, chronic myelomonocytic leukemia; CR, complete remission; cGVHD,
chronic graft-versus-host disease; HSCT, hematopoietic stem cell transplantation; MM, multiple myeloma; PD, progressive disease; T-LBL, T-cell lymphoblastic
lymphoma. (8 April 2013). ®A causal relationship between vaccination and this event was not strongly suspected, but could not be ruled out. bVaccination was
discontinued. (The last injection was on post-HSCT day 60). “Size of the subcutaneous tumor decreased, but the disease relapsed in axial lymph nodes and
stomach.

copies/ug RNA by day 132, and WT1 vaccination was started on
day 133. MLL-AF4 mRNA had become undetectable by day 146,
and had never appeared until post-HSCT day 1312 (day 1179 after
the start of WT1 vaccination as of 8 April 2013; Figure 1b).

Skin tumors appeared in UPN5 (AML-M5) on post-HSCT day 103
and was diagnosed by biopsy as leukemia relapse. Tacrolimus was
discontinued on day103, and WT1 vaccination was started on day
130. Cutaneous tumors had regressed 2 weeks after the start of
WT1 vaccination, but vaccination was terminated after the second
injection because of the development of BO as described earlier
(Figure 1a). This patient has been remained in CR until post-HSCT
day 972 (day 842 after the start of WT1 vaccination at 8 April
2013). While the exact contribution of the vaccination effect to the
disease remission in addition to the GVL effect was unclear, the
fact that both of these two patients still have remained in CR until
now is encouraging to continue this trial. In the following phase |l
trials, the enumeration of WT1-specific CTLs should be performed
more frequently after the start of vaccination to clarify the
relationship between the effect of WT1 peptide vaccination and
leukemia regression.

WTT1 (a natural 9-mer WT1 peptide) HLA-A*2402 tetramer assays
could be performed with peripheral blood mononuclear cell in
seven of the nine patients to determine whether WT1,35 peptide-
specific CD8* T cells had increased after WT1 vaccination.
The gates for WT1 tetramer™ cells were drawn as <0.1% of CD8*
T cells were included in the tetramer-positive gate in multiple
healthy individuals (Supplementary Figure 1A). WT1,35 tetramer ™
cells increased after the start of vaccination in three
(UPNs1, 2 and 4) of the four patients who have remained in CR
(Figure 1b and Supplementary Figure 1B). In the cases with
progressive disease, continuous increase in the frequencies of
WT1,35 tetramer™ cells was not observed (Supplementary
Figure 1B).

Our results suggest that WT1 vaccination should be started
when the leukemia burden is minimal. The timing of the start of
WT1 vaccination may be also important. For the cases with good
outcomes, WT1 vaccination was started 76-140 days after
transplantation (UPNs1-5), and at later times (days 299-1815)
for PD cases (UPNs 6-9). A lymphopenic environment a few
months after transplantation may be favorable for rapid and
extensive expansion of tumor antigen-specific CTLs.

Blood Cancer Journal

In summary, this report suggests that WT1 vaccine can be safely
administrated for post-HSCT patients with hematological
malignancies and has potential as a maintenance therapy. Clinical
benefit of WT1 vaccination for post-HSCT patients will be
evaluated in the subsequent phase Il trials.
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Resection of a Second Primary Lung
Cancer in a L.obe Where Small-Cell

Lung Cancer was Previously Treated
with Chemoradiotherapy: Report

of a Case

Takuma Tsukioka, MD, PhD, Ryoji Yamamoto, MD, PhD, Makoto Takahama, MD, PhD,
Ryu Nakajima, MD, Keiko Tei, MD, PhD, Satoshi Okada, MD, and Hirohito Tada, MD, PhD

There are few reports of resected cases of second primary lung cancer in post-treatment
survivors of small-cell lung cancer. Here, we report a surgical case of a 62-year-old female
with second primary lung adenocarcinoma after chemoradiotherapy against small-cell
lung cancer. She had been treated for small-cell lung cancer 2 years earlier , and achieved
complete response after the treatment. A new nodular lesion was detected at a different
segment in the right lower lobe. We performed a right lower lobectomy accompanied with
systemic mediastinal nodal dissection. Histopathological findings revealed that the new
nodular lesion was a second primary lung adenocarcinoma. No metastatic tumor was seen
in the dissected lymph node; the initial tumor had disappeared completely. The postoper-
ative course was uneventful, and she was discharged on day 10 after the operation. Ten
months after the operation, she was free of recurrent tumor.

Keywords: small-cell lung cancer, second primary lung cancer, lobectomy

Introduction

Although survivors of small-cell lung cancer have
increased risk for second primary lung cancers,” patients
in whom both initial small-cell lung cancer and second
primary lung cancer were resected and examined histo-
pathologically are little reported.? Here, we report a case
of a survivor of small-cell lung cancer with second primary
lung adenocarcinoma in the same lobe. Both tumors
were removed and investigated histopathologically.
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Case Report

A 62-year-old female presented to our hospital with a
tumor shadow in the right lung field, shown by chest
X-ray (Fig. 1A); followed by a mass lesion in the right
lower lobe, shown by chest computed tomography scan
(Fig. 1B); small-cell lung cancer without other histological
cancer components, by transbronchial biopsy (Fig. 1C);
and an accumulation at the primary tumor and a lobar
lymph node, by fluorodeoxyglucose-positron emission
tomography (FDG-PET; Fig. 1D). After limited-disease
small-cell lung cancer was diagnosed, she was treated
with four chemotherapy cycles of cisplatin plus etopo-
side, and a total 45 Gy of concurrent radiotherapy, and
the tumor shadow disappeared (Fig. 2A). Two years after
this treatment, a new nodular lesion appeared at a differ-
ent segment in the right lower lobe, and grew progres-
sively (Fig. 2B). FDG-PET revealed an accumulation at
only the nodular lesion. All serum tumor maker levels

Ann Thorac Cardiovasc Surg Vol. 20, Supplement (2014)
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Fig. 1 (A) Chest X-ray showed a tumor shadow in right lung field. (B) Chest computed tomography
(CT) showed a tumor shadow in the right lower lobe. (C) Transbronchial biopsy for an initial
tumor revealed small-cell lung cancer without other histological cancer components (x200).
(D) Fluorodeoxyglucose-positron emission tomography (FDG-PET) showed an accumula-
tion at the primary tumor and lobar lymph node.

were within normal range throughout the therapeutic
course.

‘We supposed that the nodular lesion was a recurrence
of initial small-cell lung cancer or second primary lung
cancer. We diagnosed and treated the new lesion using
surgery. A tumor with pleural indentation was found
close to the right inferior pulmonary vein in the right
lower lobe. Intra-operative aspiration cytology from the
nodule revealed lung adenocarcinoma. Because the initial
tumor was a small-cell lung cancer without other histo-
logical cancer components, the new lesion was diagnosed
as a second primary lung cancer. The tumor was com-
pletely removed with a right lJower lobectomy, as it was
located near the right lower pulmonary vein. Lymph
node dissection was also performed. Histopathological

Ann Thorac Cardiovasc Surg Vol. 20, Supplement (2014)

findings revealed adenocarcinoma and no metastatic
tumor in the dissected lymph node (p-T1aNOMO stagelA,;
Fig. 3). The initial tumor had completely disappeared,
both macroscopically and histopathologically.

Her postoperative course was good, and she was dis-
charged from the hospital on day 10. Ten months after
the operation, she has no signs of recurrent tumor.

Piscussion

In the present case, preoperative differential diagnoses
were intrapulmonary recurrence, pulmonary ligament
lymph node recurrence, and second primary lung cancer.
We performed right lower lobectomy to completely
remove the tumor, and arrived at a correct diagnosis.
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Fig.2 (A) After treatment for small-cell lung cancer, an initial tumor shadow in the right lower lobe
had disappeared. (B) A new nodular lesion appeared at a different area in the right lower
lobe, and grew progressively larger.

An increased risk of second primary lung cancers has
been reported in survivors of small-cell lung cancer.
Johnson, et al., reported that six of 40 patients with
small-cell lung cancer, who had been cancer-free for
2 years, had second lung cancers; they reported the dis-
tribution of second tumors to be three in the contralateral
lung, one in a different lobe in the ipsilateral lung, and
two in the same lobe as the initial small-cell lung cancer,
respectively.) Compared with the general population,
the risk of all second cancers among these patients was
increased 3.5-fold. Moreover, in survivors of small-cell
lung cancer, risk of a second lung cancer increased
7-fold.? Reportedly, cumulative risk of a second primary
lung cancer was 32% after 12 years, and did not appear
to reach a plateau.? Several articles show that continuing
to smoke is a risk factor for second primary lung cancer
in survivors of small-cell lung cancer.'» Only one arti-
cle discussed the relationship between second primary
lung cancers and chemotherapy against initial small-cell

484

lung cancers,? suggesting that chemotherapy, particu-
larly alkylating agents, contributes to the second cancer
risk. These reports indicate that survivors of small-cell
lung cancer are at high risk for second primary lung
cancers. Long-term follow-up with careful attention to
second primary lung cancer may be necessary for survi-
vors of small-cell lang cancer.

Few reports have been published in which the initial
tumor was removed and investigated histopathologically.
Inoue, et al, reported a case of second primary lung
cancer in the same lobe as initial small-cell lung cancer.
Because the initial small-cell lung cancer was located in
the left S'+2 area and the second primary adenocarcinoma
was located in left S* area, they treated the case with an
left upper lobectomy. The site of the initial cancer was
scarred and did not contain any neoplastic cells. In the
present case, however, the initial tumor disappeared
completely, without even fibrous scar tissue. This differ-
ence may have been affected by whether the initial

Ann Thorac Cardiovasc Surg Vol. 20, Supplement (2014)
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Fig. 3 (A), (B) Histopathological findings of a new nodular lesion revealed adenocarcinoma with
mixed subtype (A, x40; B, x200). (C), (D) There was normal lung tissue in the area of the

initial tumor (C, x40; D, x200).

small-cell lung cancer contains other histological com-
ponents. Tumors of pulmonary adenocarcinoma or squa-
mous cell carcinoma are reportedly likely to contain scar
and interstitial tissues. Whereas tumor cells disappeared
after chemoradiotherapy, interstitial tissue developed
scars and remained.” Accordingly, tumor shadow of pul-
monary adenocarcinoma or squamous cell carcinoma
remained after chemoradiotherapy. In the present case,
the initial lung cancer was diagnosed by transbronchial
biopsy as pure small-cell carcinoma. Because collected
tissue via transbronchial biopsy was small, complete
histological picture might not be investigated. However,
the initial tumor tissue might be more likely to contain
no scar or interstitial tissue.

Conclusion

We report a case of a survivor of small-cell lung cancer
with a second primary lung adenocarcinoma in the same
lobe. Both initial and second primary lung cancers were
removed and investigated histopathologically. As the ini-
tial tumor might contain no scar or interstitial tissue, the
initial cancer tissue had apparently completely disappeared
after chemoradiotherapy.

Ann Thorac Cardiovasc Surg Vol. 20, Supplement (2014)

Disclosure Statement

Takuma Tsukioka and other co-authors have no con-
flict of interest.

References

1) Johnson BE, Ihde DC, Matthews MJ, et al. Non-
small-cell lung cancer. Major cause of late mortality in
patients with small cell lung cancer. Am J Med 1986;
80: 1103-10.

2) Tucker MA, Murray N, Shaw EG, et al. Second primary
cancers related to smoking and treatment of small-
cell lung cancer. Lung Cancer Working Cadre. J Natl
Cancer Inst 1997; 89: 1782-8.

3) Johnson BE, Linnoila RI, Williams JP, et al. Risk of
second aerodigestive cancers increases in patients
who survive free of small-cell lung cancer for more
than 2 years. J Clin Oncol 1995; 13: 101-11.

4) Inoue H, Iwasaki M, Ogawa J, et al. Surgical resec-
tion of a second primary lung carcinoma in a survivor
of small cell carcinoma. Ann Thorac Surg 1993; 56:
1160-1.

5) Seto M, Kuriyama K, Kido M, et al. Primary lung
cancer response to neoadjuvant therapy evaluated by
CT and MR Image. Japanese Journal of Lung Cancer
1997, 37: 33-40. (in Japanese)

485



Lung Cancer 81 (2013) 491-494

ELSEVIER

~ Contents lists available at SciVerse ScienceDirect
- LungCancer

journal homepage: www.elsevier.com/locate/lungcan

Case report

The first case of lung carcinosarcoma harboring in-frame deletions at

exon19 in the EGFR gene

CrossMark

Gouji Toyokawa?, Mitsuhiro Takenoyama®*, Kenichi Taguchi®, Katsumi Arakaki?,
Eiko Inamasu?, Ryo Toyozawa?, Miyako Kojo?, Yoshimasa Shiraishi?, Yosuke Morodomi?,
Tomoyoshi Takenaka®?, Fumihiko Hirai#, Masafumi Yamaguchi?, Takashi Seto?,

Alvaro Leone*¢, Paolo Graziano®, Yukito Ichinose?

2 Department of Thoracic Oncology, National Kyushu Cancer Center, 3-1-1 Notame, Minami-ku, Fukuoka 811-1395, Japan

b Cancer Pathology, National Kyushu Cancer Center, Fukuoka, Japan
¢ Laboratory of Pathology, San Camillo-Forlanini Hospitals, Rome, Italy

ARTICLE INFO ABSTRACT

Article history:

Received 21 April 2013

Received in revised form 3 june 2013
Accepted 24 June 2013

Keywords:

Lung carcinosarcoma

Lung sarcomatoid carcinoma
Epidermal growth factor receptor
Oncogenic drivers
Molecular-targeted therapy
EGFR-TKI

Mutations of the epidermal growth factor receptor (EGFR) gene play a critical role in carcinogenesis of lung
cancer, particularly adenocarcinoma. However, to the best of our knowledge, no mutations of the EGFR
in patients with lung carcinosarcoma have been identified. We herein report the case of a 61-year-old
female referred for a detailed examination of a left pulmonary mass shadow. Although bronchoscopy was
performed, it failed to lead to a diagnosis, and video-assisted thoracoscopic surgery was therefore carried
out to diagnose the tumor. The pathology revealed biphasic features consisting of both adenocarcinoma
and chondrosarcoma. Intriguingly, both the adenocarcinoma and chondrosarcoma components were
proven to harbor an exon19 deletion in the EGFR gene. Although carcinosarcoma is a rare malignancy of
the lungs, genetic analyses of oncogenic drivers, such as the EGFR gene, should be conducted.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Carcinosarcoma of the lungs is a subtype of sarcomatoid car-
cinoma (SC) and a rare malignancy [1]. Although several reports
have previously investigated genetic alterations in patients with SC
[2-5], no mutations in oncogenic drivers of carcinosarcoma, includ-
ing epidermal growth factor receptor (EGFR), have been identified.
We herein report the case of a 61-year-old female referred for a
detailed examination of a left pulmonary mass shadow. Although
advanced left lung cancer with lumbar metastasis was clinically
suspected, bronchoscopy failed to lead to a diagnosis, and surgery
was therefore performed. The pathological examination revealed
that the tumor was composed of a carcinomatous component and a
sarcomatous component. Intriguingly, both components harbored
the EGER exon19 deletion. As far as we know, this is the first report
of a patient with pulmonary carcinosarcoma harboring an exon19
deletion in the EGFR gene.

* Corresponding author. Tel.: +81 92 541 3231; fax: +81 92 551 4585.
E-mail address: takenoyama.m@nk-cc.go.jp (M. Takenoyama).

0169-5002/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
hitp://dx.doiorg/10.1016/j.Jungcan.2013.06.013

2. Casereport

A 61-year-old female nonsmoker was referred to our depart-
ment for a detailed examination of a persistent cough. A physical
examination and laboratory tests, including measurements of the
levels of tumor markers, showed no abnormalities. A chest X-
ray revealed a mass shadow in the left lower lung field, and
computed tomography (CT) showed a mass shadow with a max-
imum diameter of 3.2cm (Fig. 1A) and a solitary lesion in the
second lumbar vertebra (Fig. 1B, arrow) that was also observed on
magnetic resonance imaging (Fig. 1C). Positron emission tomog-
raphy/CT identified avid intake of ['8F]fluorodeoxyglucose in the
left hilar lymph node (thin arrow) as well as pulmonary (thick
arrow) and bone lesions (arrowhead) (Fig. 1D). Based on these find-
ings, the patient was clinically suspected of having left lung cancer
with lumbar metastasis according to the American Joint Commit-
tee on Cancer staging criteria (T2aN1M1b, Stage IV) [6]. Although
bronchoscopy was performed, it failed to lead to a diagnosis, and
video-assisted thoracoscopic surgery was therefore carried out to
diagnose the tumor after obtaining the patient’s informed consent.
Asolid mass witha diameter of approximately 3.2 cmwasidentified
in the 9th segment of the left lung, although no pleural dissemina-
tion, malignant effusion or pulmonary metastases were observed.
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B

Fig. 1. Computed tomography (CT) showed a mass shadow in the left lower lobe (A) and a solitary lesion in the second lumbar vertebra (B, arrow) that was also observed
on magnetic resonance imaging (C). Avid intake of ['8F]fluorodeoxyglucose in the left hilar lymph node (thin arrow) as well as pulmonary (thick arrow) and bone lesions
(arrowhead) was identified on positron emission tomography/CT (D). Scale bar: 1.0cm.

Fig. 2. The cut sections exhibited a gray, whitish component encircled with a yellow, whitish component (A). Microscopic findings of the tumor indicated biphasic features
consisting of both adenocarcinoma (B and C) and chondrosarcoma (B and D). The #12! lymph node was metastasized by the adenocarcinoma component (D). Scale bar:
1.0cm (A) and 100 pm (B-E).
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Fig. 3. Direct sequencing method showed that both the adenocarcinoma (A) and chondrosarcoma components (B) harbored an exon19 deletion in the epidermal growth
factor receptor (EGFR) gene. Representative images of a fluorescence in situ hybridization assay showing the amplification of the EGFR gene in both the adenocarcinoma (C)
and chondrosarcoma components (D). Orange color: EGFR DNA; green color: chromosome 7 control (CEP7) DNA.

Since the tumor was located in the proximal region of the 9th
segment, it was impossible to perform partial resection, and left
lower lobectomy with nodal resection was therefore completed.
The cut sections exhibited a gray, whitish component encircled
with a yellow, whitish component, with a maximum diameter
of 3.7cm (Fig. 2A). The pathological examination revealed that
the tumor was composed of a carcinomatous component and a
sarcomatous component (Fig. 2B). The carcinomatous component
exhibited adenocarcinoma, papillary and acinar subtypes with focal
neuroendocrine differentiation (Fig. 2C), whereas the sarcomatous
component was composed of chondrosarcoma (Fig. 2D). In addi-
tion, metastasis of the adenocarcinoma component to the #12l1
lymph node was observed (Fig. 2E). Based on these findings, the
patient was pathologically diagnosed with stage T2aN1M1b (Stage
IV) lung carcinosarcoma.

Genetic analyses were performed to detect mutations in the
EGFR gene and rearrangement of the anaplastic lymphoma kinase
(ALK) gene. Microdissection was conducted to separate the two
components, followed by reverse transcription-polymerase chain
reaction (RT-PCR) and direct sequencing methods. Intriguingly,
both the adenocarcinoma and chondrosarcoma components were
proven to harbor an exon19 deletion in the EGFR gene (Fig. 3A: ade-
nocarcinoma and Fig. 3B: chondrosarcoma). Furthermore, the same
EGFR mutation was identified in the metastasized lymphnode (data
not shown). A fluorescence in situ hybridization assay identified
the amplification of the EGFR gene in both components, predomi-
nantly in the adenocarcinoma component (Fig. 3C: adenocarcinoma
and Fig. 3D: chondrosarcoma), which was perfectly in line with
the finding that the signals of the mutant allele were more pre-
dominant than those of the wild-type in both components (Fig. 3A
and B), although more so in the adenocarcinoma component than
in the chondrosarcoma component. No rearrangement of the ALK
gene was identified in either component. The patient was dis-
charged with no complications nine days after the operation and is

undergoing radiotherapy of the lumbar lesion. The patient
approved this case report and the accompanying images for publi-
cation.

3. Discussion

Sarcomatoid carcinomas (SCs) are rare malignancies of the
lungs, accounting for 1% or less of all lung tumors, and are known
to behave in a more aggressive fashion than other histological
subtypes of non-small cell lung cancer (NSCLC) [7,8]. The histo-
logic subtypes of SC are divided into five groups, i.e., pleomorphic
carcinoma, spindle cell carcinoma, giant cell carcinoma, carcinosar-
coma and pulmonary blastoma {1]. Regarding carcinosarcomas,
Koss et al. conducted a clinicopathologic analysis of a large series
of 66 patients with these lesions {9]. Carcinosarcomas were iden-
tified predominantly in male smokers compared to females, and
the median patient age was 65 years. The 5-year survival rate
was 21.3%, which is similar to that reported by Martin et al. [8].
Additionally, the frequency of epithelial components was as fol-
lows: squamous cell carcinoma (46%), adenocarcinoma (31%) and
adenosquamous carcinoma (19%). The sarcomatous components
included rhabdomyosarcoma, chondrosarcoma, osteosarcoma and
combinations of these elements. In the present female patient,
chondrosarcoma was observed concomitantly with adenocarci-
noma.

Mutations of oncogenic drivers, such as EGFR [ 10}, ALK [11] and
so on, have been identified, and molecular-targeted therapy has
been proven to be effective for treating NSCLC patients with muta-
tions in these genes [12]. As for SCs, several reports have previously
investigated the EGFR mutation status [2~5]. Studies by Italiano and
Pelosi reported that no mutations of the EGFR gene were observed
in 22 and 23 cases of lung SC, respectively [2,3]. In contrast, there
exist two reports identifying EGFR mutations in patients with lung
SC {4,5]. Jiang et al. showed that nine of 32 patients with lung SC
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harbored EGFR mutations. However, no patients with carcinosar-
coma were included in that study. Furthermore, Leone et al.
analyzed mutations of the EGFR gene in 23 cases of lung SC,
and identified two patients who harbored EGFR mutations; both
patients had exon19 in-frame deletions [5]. Importantly, the two
patients with EGFR mutations cases both exhibited pleomorphic
and giant cell carcinoma features (the author’s reply). Accordingly,
to the best of our knowledge, no mutations in the EGFR gene have
been identified in patients with carcinosarcoma, and the current
patient therefore represents the first case of lung carcinosarcoma
with an EGFR mutation. Although SCs of the lungs are generally
thought to be chemorefractory [ 13}, the present patient would ben-
efit more from EGFR-tyrosine kinase inhibitors, such as gefitinib
and erlotinib, than cytotoxic chemotherapy. Furthermore, it may be
feasible to administer gefitinib treatment because the metastatic
lymph node involved in the adenocarcinoma component exhib-
ited the EGFR mutation, indicating that the lumbar lesion was also
assumed to be an adenocarcinoma harboring the EGFR mutation.

4. Conclusion

In summary, we herein reported the very rare case of a 61-
year-old female patient with carcinosarcoma harboring an exon19
deletion in the EGFR gene. Although carcinosarcoma is a rare malig-
nancy of the lungs, genetic analyses of oncogenic drivers, such as
the EGFR gene, should be conducted.
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Do Mutations of the
Enhancer of Zeste
Homolog 2 Gene Exist
in Small-Cell Lung
Cancer?

To the Editor:

I read the article by Hubaux et al.!
entitled “EZH2 promotes E2F-driven
SCLC tumorigenesis through modula-
tion of apoptosis and cell-cycle regula-
tion” with much interest. In their study,
the authors indicated that the stable
down-regulation of the enhancer of
zeste homolog 2 (EZH2) gene by short
hairpin RNA modulates apoptosis and
the cell cycle, which results in a reduc-
tion of the viability of small-cell lung
cancer (SCLC) cell lines, and concluded
that EZH2 can be a potential therapeu-
tic target for SCLC. Indeed, EZH2 is
known to be targeted by Polycomb
repressor complex 2 inhibitors, that is,
S-adenosyl-homocysteine  hydrolase
inhibitor 3-deazaneplanocin A 2

Several reports suggested that
EZH2 is overexpressed at the protein
level in various types of solid tumors,
including lung cancer, and its overex-
pression correlates with a poor prog-
nosis in patients with resected lung
cancer.> Additionally, somatic muta-
tions within two residues in the cata-
lytic SET domain of the EZH2 gene
(Y641 and A677) were identified to
have increased H3K27 trimethylation
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and to alter the substrate specificity
of the mutated EZH2 in diffuse large
B-cell lymphoma and follicular lym-
phoma. Importantly, lymphomas har-
boring these mutations in the EZH2
gene can be successfully targeted by
a potent, highly selective, S-adenosyl-
methionine-competitive, small-molecu-
lar inhibitor of EZH2 methyltransferase
activity, that is, GSK 126, in in vitro and
in vivo models.*

Although  recent integrative
genomic analyses identified recurrent
mutations of SCLC, such as the cAMP-
response element binding protein
(CREB) binding protein (CREBBP),
ElA binding protein p300 (EP300),
and mixed-lineage leukemia (MLL)
genes that encode histone modifiers, as
well as the inactivation of tumor pro-
tein p53 (7P53) and retinoblastoma
1 (RBI), mutations of the EZH2 gene
have not yet been identified. In addition
to the report by Peifer et al.,’ our analy-
sis of 35 patients diagnosed with SCLC
failed to identify mutations of the FZH?2
gene in the SET domain.

In conclusion, we feel that further
studies should be focused on the identi-
fication of mutations of the EZH2 gene,
andifany are found, it should be clarified
which of the overexpressed or mutated
EZH2 genes most intensely promote
SCLC tumorigenesis. Furthermore, it
should be elucidated which of these
alterations can be successfully targeted
for patients with SCLC.

Gouji Toyokawa, MD, PhD
Mitsuhiro Takenoyama, MD, PhD
Yukito Ichinose MD, PhD
Department of Thoracic Oncology
National Kyushu Cancer Center
Minami-ku, Fukuoka, Japan
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In Response:

We thank Dr. Toyokawa and col-
leagues for their interest and for their
thoughtful comments regarding our
article demonstrating the importance
of EZH2 in small-cell lung cancer
(SCLC) tumorigenesis.! Their letter to
the Editor reiterates that EZH2 overex-
pression occurs in several cancer types
and that it correlates with poor progno-
sis in lung cancer patients. Importantly,
they also discuss the role of muta-
tions in the catalytic SET domain as
a mechanism of EZH2 activation in
lymphomas, for which potent inhibi-
tors have been shown to have thera-
peutic efficacy in vivo. They reaffirm
EZH?2 as an attractive therapeutic target
given the prominence of its activation in
SCLC. However, EZH2 mutations were
not detected in a recent SCLC study
(N =29), nor in Toyokawa’s own cohort
of SCLCs (N=35), raising the question
of how EZH2 becomes aberrantly acti-
vated in SCLC.2

We further investigated pub-
lic data to detect EZH2 SET domain
mutations in SCLC. None were iden-
tified in the NCI-H209 SCLC cell
line sequence, in 42 SCLC exome
sequences,® or in 121 SCLCs with
EZH?2 mutation status in the COSMIC
database. It is apparent that unlike
other cancer types, mutations are not
a common mechanism of EZH2 acti-
vation in SCLC. Furthermore, analy-
sis of data from two recent studies
on SCLC tumors and cell lines from

Disclosure: The authors declare no conflict of
interest.

Address for correspondence: Dr. Roland Hubaux,
BC Cancer Research Centre, 675 West 10th
Avenue, Vancouver, BC, Canada V5Z 1L3.
E-mail: thubaux@bccre.ca

Copyright © 2013 by the International Association

for the Study of Lung Cancer

ISSN: 1556-0864/13/0811-0e103

el103



Letters to the Editor

Journal of Thoracic Oncology® » Volume 8, Number 11, November 2013

the Sanger Institute’s Cancer Genome
Project revealed that EZH2 was not a
target of DNA amplification, which is
consistent with our recent findings,*
ruling out copy number alteration as
a mechanism of EZH2 activation.*?
MicroRNA down-regulation is another
possible mechanism of EZH2 up-reg-
ulation. EZH2 is a known target of
miR-101, which is downregulated in
cancer, although we have shown that
miR-101 DNA copy loss is not promi-
nent in SCLC.? We assessed copy sta-
tus of other EZH2-targeting miRNA
using Sanger’s data on 53 SCLC lines.
miR-124, miR-138, miR-26a, and
miR-98 exhibited frequent single copy
loss (38%-81% of samples), however,
none of these miRNA were located
within  significant  chromosomal
regions of loss in recent tumor pro-
filing studies, and expression should
be assessed to accurately determine
miRNA status.??

Recently, we investigated the
E2F/Rb pathway upstream of EZH2
and discovered that disruption of this
pathway is a prominent mechanism of
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EZH2 activation in SCLC.* We identi-
ficd copy loss of RB/ or gains of E2F 1,
E2F2, or E2F3 in 96% of the SCLCs
we investigated. EZH2 is an estab-
lished transcriptional target of this
pathway, and concordantly, we found
that pathway disruption was strongly
correlated with EZH2 expression.
Furthermore, we showed that E2F
manipulation caused changes in EZH2
protein  expression, demonstrating
the consequence of E2F/Rb pathway
disruption on EZH2 in SCLC. These
results suggest that genomic disrup-
tion of upstream regulators is a promi-
nent mechanism of EZH?2 activation in
SCLC.#

Regardless of the EZH2 activa-
tion mechanism, based on the facts that
(1) EZH2 overexpression is nearly uni-
versal in SCLC, (2) EZH2 expression
is scarcely detectable in nonmalignant
tissues throughout the body,* and (3)
EZH2 inhibitors are currently avail-
able, we agree with Toyokawa et al.
and strongly believe that EZH2 is an
extremely promising therapeutic target
for this very aggressive cancer.

Roland Hubaux, PhD

Kelsie L. Thu, BSc

‘Wan L. Lam, PhD

Adjei Alex, MD, PhD, FACP

British Columbia Cancer

Research Centre

Vancouver, British Columbia, Canada
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FITRE TR BT B FE LR E D &

V. il S0 i 1 oD iR PR A BR
rzuts®, —# FEAY
YD AR Y F— ISR, R BRBERFZE L~

T U &I

MR HARADRBIZ L BEEDE 1% D5 L)1
20, SHITETHEML T EF/ERTHS, L
P LAY SHBERERRINETEZ boTERL, F
W - (LR - B EE o TLTOREFRE
FROEMBETH 5o 1990 F40IC, MMM RNL
MM ENE T U 233k (CTL) O & EMlas S /E R
L72cDNA A7) —%2FHL-RBE I v—=07
FI2XY, CTLIZERENAEERRIFETLZE
AREH S, BAEE TS < OFEEBESLE S E E &
NTE MBICBVTLEREYY, SIBEIE,
BEFBEEAE Y AHEALLEH OO CTL 2538k T 2 HE &
LT#ELCTEz. L LFEREICKT 27 7 F ik
&, PEROAHBIHRE SN ST, SRR
WRWBFETERVOPFBRIRTH R, 2O LT,
Rosenberg T4 512 &y REESZHEHIZRAT (NCD) CfF
NI T 7 F U FREOREYEHN RECIST #H#E% v
A, BTR2.6%THolbwIMEICLELTY
bo MiICBWTH, BEHEEIE S FKICRERNGE
IEDPIEL, SEOBPESREAL T 5 I L0
ENTVBRELEELIZ, W20 T ¥ AMLHEBRED
WIT s, AIEOEENLZENLIELTwD, AT
Tk, W 2 KB e S Bt ik o0 BR PR AABR & Bl
EHENTWAREF 2 v 7 RS ¥ M TFOHELEY
& U787 RIESRE I DWW TR 9 50

1. FEICHT 370 F 5%

1) L-BLP25 (Stimuvax®)

BLP25 3 25 D7 3/ #H 5 7% 5 MUCL HUERT
F F & liposome 2* bR & b7 2 F ¢ (L-BLP25),
MUCI &Fid, #h4 2BETEBELTBY, MEics
WTLBIBETERRL TCWwb, BRAY 7 FTh
% L-BLP25 {3, MUCI#iB =¥ b—7 2K T2 257
3 8 (BLP25) % URY —ATHAFEY 7+ Tdh
h, VRY—LATELIEICLD, BEdBcEEsh
4L o TWwh, L-BLP25 & V2 7-45 I AHSUER 13,

(Jpn J Cancer Chemother 40(8): 1018-1020, August, 2013)

first-line DALEFESRR L T b5, FI3WENE
ELTWwAHRA7—YIBH, VHOENHNRED 171
BleERNRELT, 775 %G FEHHERTE (best
supportive care: BSC) 2 {17729 ¥ ¥ A {b iR
BCHY, ZOHEL-BLP2S FITAFIHMPILE 17 .4
PHTHY, BSCED 13.0 08 & L TRIFLKER
PHETWE (p=0.066)s I & TITH N7 phase
MEREE (START) O#EAHT 2013 £ ASCO (#7500) TIE
#FENT2, START RER B WTiE, L-BLP25 /2137
TR ORIERE LT, 2/3 0 BFIEFEEEIEE O
ST R T, 1/3 @ BB IR B 46 EE gt
WRREN T bz, L-BLP25 %58 (820 1) o OS
JHEIZ 25.6 BB Th o720 L, 7T L REE (410 )
TiE 2230 H GRENY— FH:0.88, 95%EHKXM:
0.75-1.03, pf#:0.123) TH Y EEFMEE TH 5 0S
DEELRERIBD LI o7, ETEFMIEETH 5 0S
DERIIRE LB ORBO Lo, 77— T
& LT, {bFEREHRE L FRFGEH TH - 72 806 Blick
W L7z 2 A, T2 F Y #O 0S Il 30.8
WHTHY, 75 REO2206LPHLVERICRET
oz (FENF— FH:0.78, 95% {5 HIX [#: 0.64-0.95,
p 18: 0.016) - BEFR SR & L Tl negative study TiddH -
7o S, HFEOHFIIIE L-BLP2S O F AEO WML H
AEEZDBNSD,

2) figElEERE UTO MAGE-A3 DI F %

CNETORT 7 F ¥ TIZYBRARE £ 72 X BIR LG
WHF N BRI T 203 LT, Glaxo Smith
Kline 1112 & 5 MAGE-A3 # W/ U 7 F 13, itk
DWUPRAREICN T A HBEE L L CiThh B
HIERHETH S, MAGEHIEIL, A5 /—<DCTL
HSERET A IBIEHE & LT ¥ —® Boon i+ 5 AR
ELEGLENRTH Y, TORBAOEH» HRHE
PUE (cancer/testis antigen) &IPIEH, B4 2o, PIE
WWHERLTWS, EFHEETIIBERRELETOR
RWE D, BEBEEL VI AIIBWTHREREOE
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BeLTHLTWREWnZ S, IEEZBWTh, #30~
40% DIEFTHRIUZABD D EFWHE SR T S,
Vansteenkiste 57 O U 2B RT3, MW
DORBIFEE & U OISR & V727 & vk
ATV, NEERC & % Sedie il v e B R IS B A
BI&72L, WHETHAAFSICEME 45 2 & THIRED
BEIAWL IS EvI L setting DIEERBRTH
5o T4 b B micrometastasis 3 ECd H AT HIDIHE
BE L TOPRBIEHEE V) HTHE ST B
KRB TH b, se@WRE 2 AF— Y IBMEE
I o Fe /NG <, oS RWIETH 5
MAGE-A3 FUEAEMIL I FBL L T v A SEH % 1 412,
Wt Bh: & LC o MAGE-A3 7 7 F > % S i 15
DS v ¥ ALl e LTl LTvw5b, 122 AD*
MAGE-AS BT v F v o5 %%, 60 AN 75t
KoLz shTBY), TOFBRITSLRO%E %
137260 At 26 A (43.3%) HWIEE LWL T,
MAGE-A3 O#5-% %1772 122 ATid 41 A (33.6%)
HEIEL, WEREEOMNK ) X2 % MAGE-A3 7~
FUCEoT2%MPTELILRRLT VD, HES
Fud, WEQRFTRG G - 58R) R, BRI
HRABREWTRLEETHRVWEIRTH o720 DR
HRERIZ BT B RIESEICH L TId, MAGE-A3 &K
5 1gG PR L7 %32, CD4 Y v /88RO UGS
BWTIE, MAGE-A3 U 7 F VBT 37 A 14 A (41%)
1Tz OO R % ZF CRBB L 5 4
frFEE (MAGRIT) 3 TR EN TS, TR
BTiE AT — ¥ IB/I/IA D MAGE-A3 HLE Bk
DIENHNEIFET, RIS lRIN L BEE NS
GRAANBEIERE 2,270 ) & L, 79 F F_—2 D4
BRI E S BE L, o2 BETY
IFUBETIERBCEHIMTAEBE - TED,
2014 D ZORERPHE SN D LHF IR T 5,

2. BEFrv ORI M TFOEEZENELE

=G BN ARRE

Wi ED CTL % in vitro THET 5 2 LIIHET
E g, HREG-F o CDS0 # BRI s ¢ 5
ZETIEEALDERTCTL OFESTRTHL I L
PHELTELY, $hbb, WEEALEOEZ QJERSE
RGBIEVTFLRZTHL 00, BEOBMAERBIIBIT S
SGEIGIREEIC LY, BEE2RETELLoTWVS L
EZonhb, BREEOEEMMNIETIE, T MREHE
x5 L X¥alb— b3 0EFz vy 7:5R( 2 b
TFIPFEL TS, BHIZCTLA-4 R PD-1 2 08
ORGSR, BRBREOHEO-O0EEL
F v IRAVIELR T WS, TDF v 7KL b
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RSB ECLD, AR L T EESRE E
FHEHALT A 2 & X D BRI R 2 5% 0, ik
Foxw 2 RA Y MTOWELENE LEs kg
e cdh b

1) CTLA-4 DFEE

MNaBsEE T Milladthit 4 (CTLA-4) 13 T Mila oo
bR S M 5 K47 T CD80, CD8 & #E& L,
CD28 & b L& HIMEA RV, CTLA-4 OFEAIZL Y
T MO FISOMF 234 UT, T MLy & v
LWL T B, M~ 2 EF VT, CTLA4
W & 0 BB R SR ST v A, ipilimumab &
CTLA-4 ¥ b5eae MEE/ 7 u—F VHMAETSH
b0 676 ADPEGIE HLA-AT 0201 Btk 2 5 7 — < B
Z %% & L7z phase IEERTIE, ipilimumab+gpl00 7
7, ipillimumab B, gpl00 7 7 F Mz 3:1:
Lo ¥ abEo gL, OS 2 FEFEEE & LT
WA ZFofER, ipilimumab+gpl00 7 7 F 2 BFF
Hd gpl00 7 7 F Y BB ICHRE RIS TFRER 2
AR U7z (BN — F18:0.68, 95% B IHX 1 0.55-0.85
p fif:0.0004), DT ki, & F THohiEESREL
Bohgholel s F yiiEo7a b a—iZBnT
b, REF v 7R L VI HTFOMELHHETAILIC
L OF R EEPMFCELREE DV S,
FRNHIBIGRE CIE, 204 ADRGIRIB/ V2% &
L, ipilimumab &2827 ) ¥ X/ A NVKT 5 F O
RSB, ORI EH, RO ) XN/ ANKTTF
BER (FEH) 15 vy AEEI D4 L7z phase TR
BAfbnse EEFMIEE I immune-related re-
sponse criteria & Fl 7z BB EE A FF I (irPFS) & L7z,
MRk G BED rPFS 5.7 A Th Y, WD 4.6 »
HEREEFENICERRERSRBO O, REHD
HERB/NIMIE LN LT D phase TREBITH
h, NERS S AT IERR I el LA B irPFS DEEE %
RL7ze SHODMELD, RIS X U/
BRI B W T H 70— V)b phase TASEFTHTH 5,

2) PD-1 MBEE

programmed cell death-1 (PD-1) &iEMfba /i T
MR RB T 2 EMBEART, THROMIBIEFE
FRIZFEIRAER S N B |IET & LT 1992 148k - [
FEEN PD-1 M, WAL L7z »o%Ek, B R
WHHETACD28 77 3 ) —I2BTA5%EMAET, PUER
ARSI 5 PD-1 Y # >~ F (PD-L1, PD-L2) &
BETAHIEICEY, WHIMES 7T udMRESRY 8
B OIEVEALIRRE 2 BI%I 9 %o 2012 4E Topalian 512 &
D, $1PD-1#U4k (nivolumab) Bk & LTI/l
WisE, SR, EMEREEL SOBBROEITE 296 flE
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#HE L7z phase T REEORERIME S/, grade 3,
4 OFEFZIEE14%, HFETIE 8% TH o7, BH)
BT EMREANE 28%, B 27%. IR B
WU, 76 BlF 14 Bl (18%) W2 &R L7, iR L
BRETIZ 18 Fl 6 FIICEA L Tz & HITHBRE Y
ZEi, BB PD-L1 ORBMEN ET-o72L 25,
PD-L1 BBHETH o /2 17 FITIEBRZE 0% 2L, PD-
L1 Mo 25 Bl 9 Bl (36%) ICERIARED & Riz,
2013 £ ASCO (#8030) TIXE LITERIEER L, &
#h# 17.1% (22/129 #1), PFS H gz 2.3 22 H, OS 3
fE9.6 AL, FEICRIFLEHEIRESN T, H
T8, ¥LPD-1HLHKIZ & % phase MICEATVS, —7,
RN (EEE) © PD-L1 IX#E63 %P0 PD-
L1 PiRIZ X % phase [HEBRLFHE SN, 24D grade
3, 4 DAEHBEZIT 207 B 198 (9%) THYH, /M
TR DZREFIL 10% WO BIHR 58 THho722s

Bb YT

RIEEE BT 2B MOBEEEE LTEDL (M
ENTELN, HET TRHENVBRTFMICEZE 5720
DB REZRE L P o7z BITITR D BRI R O
i 42 immune-related response criteria AWHWH LA X
FIZh Y, REEERD U\ WIRRERICBET S
TENTELRHIESTELEVZ D, LALERNDS,
RIERELTHBNICEET L2010, BRHEDAD
SRAR S B 83 translation research 179 &A%, %
ERED LR, EDOX )TN0, F ik hkEghh
Bl ERHT 5508256727 TR L, AR
BHOMEVOLOIEIBOTEELZRE L E LN,
RIEF v 7RV MOFOREICL DRI LR
EEFOT TU—FTHY, HIEPHIREOMERIZLD
ZEPEESIRENBONDL L W) T &, HBERIC
BT HBREE T HIH 2 N 2R O LS B S s M B A A
THILOWBETH S, RIS LI, REHH S =
X LADORE &L EER MO RERE L OB RBRIC X
DE R BRERRORRSHHEEENS,

X

1) Takenoyama M, Baurain JF, Yasuda M, et a/; A point
mutation in the NFYC gene generates an antigenic pep-
tide recognized by autologous cytolytic T lymphocytes
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LUNG CANCER

Prognostic Factors and the Significance
of Treatment After Recurrence in
Completely Resected Stage | Non-small
Cell Lung Cancer

Yoshihisa Shimada, MD, PhD; Hisashi Saji, MD, PhD; Koichi Yoshida, MD, PhD;
Masatoshi Kakihana, MD, PhD; Hidetoshi Honda, MD, PhD;

Masaharu Nomura, MD, PhD; Jitsuo Usuda, MD, PhD; Naohiro Kajiwara, MD, PhD;
Tatsuo Ohira, MD, PhD; and Norihiko Ikeda, MD, PhD

Objective: The objective of this study was to identify the clinicopathologic factors influencing
postrecurrence survival (PRS) in and the effect of postrecurrence therapy (PRT) on patients with
completely resected stage I non-small cell lung cancer (NSCLC).
Methods: We reviewed the data of 919 patients in whom complete resection of stage INSCLC had
been performed.
Results: Of the 919 patients, 170 (18.5%) had recurrent disease. Initial PRT was performed in
118 patients (69.1%) (surgery in eight, chemotherapy in 79, radiotherapy in 10, and chemoradio-
therapy in 21). On multivariate analyses, PRT (hazard ratio [HR], 0.542; 95% CI, 0.344-0.853;
P =.008), female sex (HR, 0.487; 95% CI, 0.297-0.801; P =.005), and differentiation (HR, 1.810;
95% CI, 1.194-2.743; P = .005) demonstrated a statistically significant association with favorable
PRS. Bone metastasis (HR, 3.288; 95% CI, 1.783-6.062; P <.001), liver metastasis (HIR, 4.518;
95% CI, 1.793-11.379; P =.001), chemotherapy (HR, 0.478; 95% CI, 0.236-0.975; P = .040),
epidermal growth factor receptor-tyrosine kinase inhibitors treatment (EGFR-TKIs) (HR, 0.460;
95% CI, 0.245-0.862; P =.015), and nonadenocarcinoma (HR, 2.136; 95% CI, 1.273-3.585; P =.004)
were independently and significantly associated with PRS in the 118 patients who underwent any
PRT. Subgroup analysis with a combination of these five PRS factors in the patients who under-
went any PRT revealed median PRS times of 42.4 months for 20 patients lacking all five risk fac-
tors and 18.8 months for 98 patients with at least one of these risk factors (P =.001).
Conclusions: PRT, sex, and differentiation were independently associated with PRS. In the patients
who underwent any PRT, PRS was related to EGFR-TKIs, chemotherapy, histology, and initial
recurrence sites. One challenge for the future will be to create systematic treatment strategies
for recurrent NSCLC according to the risk factor status of individual patients.

CHEST 2013; 143(6):1626-1634

Abbreviations: EGFR-TKI = epidermal growth factor receptor-tyrosine kinase inhibitor; HR = hazard ratio; NSCLC =
non-small cell lung cancer; PRS = postrecurrence survival; PRT = postrecurrence therapy; PS = performance status;
RFP = recurrence-free proportion

Surgical resection with a curative intent is considered
the standard of care for early stage non-small cell
lung cancer (NSCLC), but > 20% of patients had recur-
rence, even in pathologic stage I cases.'® Recurrence
after complete resection for stages I to Il of NSCLC
ranges from 30% to 75%, and has been reported to
depend on pathologic staging and follow-up period.16#
The majority of recurrences occur within the first
2 years,'$ although there are several studies showing

1626

late recurrences = 5 years after resection.® Long-
term, continuous follow-up is required to establish
accurate recurrence rates and patterns.

Although several studies focusing on postrecurrence
survival (PRS) of patients in stage I or stage I-III
NSCLC have been reported 2481244 no standard treat-
ment strategy for recurrent disease based on prospec-
tive studies has been established. However, a standard
treatment strategy is necessary because much longer
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