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The objective: To evaluate the hypothesis that lung cancer treatment planning (whether or not to use
induction therapy) can be improved if respiratory dynamic cine magnetic resonance imaging (RD MR)
is used.

Method: We studied 100 lung cancer patients, 76 men and 21 women, scheduled for thoracotomies
between May 1997 and December 2006 wherein it was unclear preoperatively whether chest wall

IL(eyw ards: invasion would be found. We evaluated the accuracy of RD MR as compared with the findings at
C‘;:;ftcjvgff irnvasion operation and postoperative pathology. The accuracy of RD MRI for evaluating chest wall invasion was
Cine MRI compared with the efficacy of CT and MRI within our own group of patients and with data from the

studies of other investigators.

Results: Concerning the evaluation of chest wall invasion, conventional computed tomography (CT) had
43 9% specificity, 60.0% sensitivity and 47.1% accuracy, while RD MR had 68.5% specificity, 100.0% sen-
sitivity and 77.0% accuracy. RD MRI was particularly useful in the evaluation of cancers around 5cm in
diameter that were located adjacent to the diaphragm. Postoperative evaluation of superior sulcus tumor
cases that had received induction therapy also showed that the RD MR procedure enabled an accurate
decision in 87.5% of cases, and there were no false negative cases.

Conclusions: RD MR is more useful than CT or standard MRI for evaluating thoracic wall invasion.
This noninvasive method enhances the reliability of deciding whether induction therapy should be
employed.

Computed tomography
Comparative study
Therapeutic strategy
Accuracy

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Since accurate evaluation of chest wall invasion by lung cancer
is essential for precise staging and therapeutic strategy planning,
there have been several studies using computed tomography (CT)
or magnetic resonance (MRI) [1-7].

The recently developed high-speed respiratory dynamic MRI
(RD MR) has the potential to provide accurate information on chest

Abbreviations: CT,computed tomography; ED CT, expiratory dynamic computer
tomography; Ef, therapeutic effect; FDG-PET, 18F-fluorodeoxyglucose-positron
emission tomography; MRI, magnetic resonance image; NPV, negative predictive
value; PPV, positive predictive value; RD MR, respiratory dynamic cine MRI; SST,
superior sulcus tumor; SUV, standard uptake value; US, ultrasound.

* Corresponding author at: Department of Thoracic Surgery, Tokyo Medical Uni-
versity, 6-7-1 Nishi-shinjuku, Shinjuku-ku, Tokyo 160-0023, Japan.
Tel.: +81 3 3342 6111x5070; fax: +81 3 3349 0326.
E-mail address: kajiwara@tokyo-med.ac.jp (N. Kajiwara).

0169-5002/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.lungcan.2009.10.016

wall invasion and contribute to deciding on lung cancer staging,
which might avoid the need to change surgical strategy intraoper-
atively, with attendant prolongation of operation time [8,9]. This is
of particularimportance when deciding on the indications of induc-
tion chemoradiotherapy in cases of superior sulcus tumor (SST)
[10].

Simple contact of tumor and adjacent chest wall does not nec-
essarily mean invasion, and even CT or conventional MR findings
can be ambiguous concerning thoracic invasion.

On breathing, the chest wall and lungs move independently
of each other. However, when a tumor invades only as far as the
pulmonary pleura, it moves along the chest wall synchronously
with breathing, while chest wall movement is limited when tumor
invades the chest wall.

We therefore performed a prospective study to determine
whether respiratory dynamic cine MRI (RD MR) could provide
accurate and reliable information concerning pleural or chest wall
invasion in lung cancer.

Please cite this article in press as: Kajiwara N, et al. Cine MRI enables better therapeutic planning than CT in cases of possible lung cancer chest
wall invasion. Lung Cancer (2009), doi: 10.1016/j.lungcan.2009,10.016
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2. Materials and methods

In order to evaluate the usefulness of RD MR, we set out to
evaluate information on all of the first 100 patients meeting the
inclusion criteria and examined by this method, immediately after
the equipment was introduced in May 1997 completing the study
in December 2006. We enrolled only those in whom it was unclear
whether there was invasion to the chest wall, in cases of peripheral
lung cancer found to be abutting the pleural surface on a previous
conventional static CT scan or MRL

All cases in which rib destruction or infiltration into the soft tis-
sues of the chest wall was identified by a CT scan or MR imaging
were excluded from this study, because chest wall invasion was
already clearly demonstrated by those findings. It was assumed
that chest wall invasion had already taken place. We felt that once
a decision on the status of the chest wall involvement had been
made, it would be unethical to expose patients to the greater dose
of radiation involved in RD MR. Another 43 patients were excluded
because they did not undergo surgery due to distant metastasis or
poor respiratory function. The method was developed by the sec-
ond author of this paper, Dr. Akata. The first 100 patients meeting all
our enrolment criteria (non-small cell carcinoma of the lung, sus-
pected to have chest wall invasion, and ultimately operated cases
with pathologically verifiable results) and giving written informed
consent consisted of 76 men and 24 women, ranging in age from 30
to 84 years (mean 63.0). There were 42 adenocarcinomas, 40 squa-
mous cell carcinomas, 14 large cell carcinomas, 2 adenosquamous
cell carcinomas and 2 unclassified adenocarcinomas. The patholog-
ical stage of disease was IA in 9 cases, IB in 36 cases, llAin 1 case,
1IB in 20 cases, llIA in 19 cases, HIB in 10 cases and IV in 5 cases. Of
the 100 cases, 13 were pathological T1, 56 pT2, 24 pT3 and 7 pT4.
Almost half, 43 cases, were PO, 17 in P1, 13 in P2, 27 in P3. Tumors
were located in the right upper lobe in 35, the right lower lobe in
27, the left upper lobe in 20, the left lower lobe in 17 and one was a
multiple primary lung cancer case. Tumors ranged in size from 1.0
to 13.0 (mean 4.93) cm in diameter and only 22 cases were 3 cm
in diameter or less. The tumor diameter was larger than 3 cmin 78
cases.

We used 1.5T MR equipment (MAGNEX 150; Shimadzu Medi-
cal Systems, Kyoto, Japan) since 1997. RD MR was acquired with

a body coil or spine coil by fast gradient echo sequence (TR=8 ms,
TE =3 ms, FA=10°). This sequence has a rewind gradient in phase
direction after the completion of readout to maintain a steady state
of magnetization. The slice thickness was 10 mm, the matrix was
128 x 128, the number of acquisitions was 2, and 25 consecutive
images of the same slice, perpendicular to the abutting point on
the chest wall, were taken while the patients breathed deeply.

After 2004, RD MR images were acquired using real-time true
fast imaging with steady state precession (True-FISP) cine (Mag-
netom Symphony; Siemens Medical Systems, Erlangen, Germany),
employing a body coil or spine coil with a real-time True-FISP cine
sequence (TR=2.24ms, TE=1.12ms, FA=74°). This sequence has
a rewinding gradient in the phase direction after completion of
readout, to maintain the status state of magnetization. The slice
thickness was 8 mm, the matrix was 192 x 192 (80%), the number of
acquisitions was 1, and 80 consecutive images, same slice obtained
from perpendicular to the abutting point on the chest wall, while
patients breathed deeply. The image time for 1 slide was 0.3 s and
one loop was taken in 24s. We also used CT scans (ProSeed SA,
Yokogawa Medical, Tokyo, Japan) at 1cm intervals with section
thicknesses of 1 cm throughout the entire chest (120KkV, 200 mA,
0.8 5, HP 1.0). Intravenous contrast material iopamidol (Iopamiron
300; Nihon Schering, Osaka, Japan) was used in all cases. Several
RD MR loops were taken, changing both the position and direc-
tion of the slides at least 3 times depending on the extent of the
contact with the chest wall. Patients rehearsed breathing before
the examinations which were performed within 3 weeks before
surgery. Subjects took few deep breaths slowly for 30s. MRI sagit-
tal section and tangential projection scans were obtained without
employing contrast medium.

The results of RD MR were analyzed to evaluate tumor move-
ment relative to the chest wall, by 3 experienced radiologists
blinded to the CT results who reached their conclusions by means of
consensus. Chest wall invasion was considered absent if the tumor
moved along the chest wall in synchrony with breathing (Fig. 1a).
However, when tumor movement was restricted by the chest wall,
chest wall invasion was considered present (Fig. 1b).

Lung tumor movement of more than half the height of a vertebra
or of the width of a rib was considered to be substantial. Resuits of
all RD MR examinations were analyzed before surgery and then

Fig. 1. The tumor on RD MR. (a) On RD MR, the tumor moves along the chest wall in synchrony with breathing. The dashed line connects the top of the diaphragm on 10
consecutive images. During deep breathing, it moves up and down, The unbroken straight line connects the tumor on the 10 consecutive images. During deep breathing,
it goes up and down in (a). The dotted line connecting the apex of the lung shows that, during deep breathing, it does not move, Chest wall invasion was ruled out and
the absence of invasion to the parietal pleura or chest wall was confirmed during operation. (b) On RD MR, no tumor movement along the chest wall is recognized during
respiration. The lines connecting the 10 consecutive images are as described in (). The unbroken straight line connecting the tumor on the 10 consecutive images shows that
it did not move during deep breathing. Invasion was therefore considered likely. On thoracotomy, the adjacent parietal pleura and chest wall were resected in continuity
with the primary lesion, and tumor invasion to the chest wall was shown pathologically.

wall invasion. Lung Cancer (2009), doi:10.1016/j.lungcan.2009.10.016
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Table1

Histopathological findings of chest wall invasion and pathologic Ef according to the
General Rules for Clinical and Pathological Records of Lung Cancer of the Japan Lung
Cancer Society.

Histopathological findings
pO: Cancer did not extend beyond the elastic membrane of the visceral pleura
p1: Cancer reached the elastic membrane of the visceral pleura
p2: Cancer present on the surface of the visceral pleura
p3: Cancer invaded the chest wall or mediastinum

Pathologic therapeutic effect (Ef) Ef 0: No effect
Ef 1a: Extremely mild effect
Ef 1b: Mild effect
Ef 2: Moderate effect
Ef 3: Complete response

Table 2
Effectiveness of chemotherapy.

After chemotherapy After concurrent chemoradiotherapy
EfO 23.00% 0%
Ef 1a 1.7% 14.3%
Ef 1b 30.80% 14.30%
Ef2 30.80% 57.10%
Ef3 7.70% 14.30%

Table 3

The results of specificity, sensitivity, accuracy, positive predictive value (PPV) and
negative predictive value (NPV) by conventional static CT and RD MR on the basis
of pathological findings.

the results were compared with the interoperative findings and
the results of gross and microscopic pathologic examination of the
resected specimens.

Histopathologic findings were described based on the World
Health Organization classification for cell types [12]. Pathologi-
cal stages were determined based on the TNM classification of the
International Union Against Cancer (UICC) [13].

Pathological therapeutic effects were recorded according to the
General Rules for Clinical and Pathological Records of Lung Can-
cer of the Japan Lung Cancer Society to evaluate the response to
treatment in solid tumors (Table 1) [14].

All patients provided their written consent to the procedures
which were all performed as part of the regular preoperative
workup (and since all data are retrospective) and no patient’s
identity is revealed. Our Institutional Review Board approved data
collection and analyses.

3. Results

In 50 of 100 patients, the RD MR showed that the tumor moved
along the chest wall in synchrony with breathing (Fig. 2a: case
1). These cases were considered not to have invaded or at most
only to the visceral pleura, but not into the chest wall, which was
subsequently confirmed during surgery in all cases.

The other 50 patients all appeared to have chest wail invasion on
RD MR, because tumor movement was restricted by the chest wall
(Fig. 2b: case 2), suggesting possible invasion. However, this was
corroborated by pathological examination in only 27/50 cases. In
the remaining 23/50 lesions, no invasion was found pathologically,
despite the suspicion of invasion on RD MR findings.

Thus, in the 50 cases that appeared to have no chest wall
invasion on RD MR, absence of invasion was corroborated on
pathological examination (Table 3). Another 23 appearing to have
invasion, on RD MR were found not to have invasion pathologi-
cally. Of these, 8 (34.8%) were SSTs. The other 27 appearing to have
invasion on RD MR were proved to have invasion on resected spec-
imens. No case in which RD MR suggested the absence of invasion
i.e. the tumor moved in synchrony with breathing, was found to
have invasion or non-malignant fibrous adhesion pathologically.

Pathological examination of all cases showing false-positive RD
MR findings of thoracic invasion revealed the cause to be non-
malignant fibrous adhesion between the tumor and chest wall in
all such cases. Even when tumor and chest wall appeared to form a
mass on the RD MR image (Fig. 2c: case 3), the carcinoma sometimes
did not invade the chest wall.

In this study, 31 of 100 patients underwent combined resection
of the lung and surrounding structures, including resection of the
parietal pleura in 9 and the chest wall in 16, and other organs in6,
including vessels, diaphragm, and vertebral bodies.

Induction therapy was performed in 20 stage IlIA cases. Among
these, there were 7 SST cases in which concurrent chemoradiother-

Comparison between CT and Comparison between RD MR
pathological diagnosis and pathological diagnosis
Specificity ~ 43.90% 68.50%
Sensitivity 60.0% 100%
Accuracy 47.10% 77.00%
PPV 20.70% 54.00%
NPV 81.80% 100%

apy was performed. Pathologically evaluated therapeutic effect (Ef)
after induction therapy is shown in Table 2.

The diagnoses based on RD MR and pathologic findings of the
surgical specimen are compared in Table 3. For cases of chest wall
invasion, the sensitivity and negative predictive value of RD MR
were both 100%.

The results shown in Fig. 3 were obtained by the results from the
characteristics (histopathology, localization, pathological T-factor,
the maximal tumor dimension) of each resected lung specimen
according to the results of RD MR.

The factors most related to accurate evaluation on RD MR were
appropriate tumor size and suitable location to evaluate tumor
movement.

4. Discussion

We set out to determine whether RD MR is a reliable and effec-
tive method for detecting the presence of chest wall invasion in
cases of peripheral type non-smail cell lung cancer. This informa-
tion is extremely important since it can determine the necessity and
type of preoperative treatment and the operative strategy, and, if
accurate, can obviate the need for intraoperative change in surgical
strategy. We believe that this important information is imperative
to decide on the indications of induction chemoradiotherapy when
we suspect SST. Rusch et al. [10] reported that in cases of SST, it is
essential for cases with invasion to the chest wall to receive induc-
tion chemoradiotherapy to extend survival. Therefore one of the
purposes of the present study was to determine whether invasion
to the chest wall by SST could be accurately determined by RD MR,
which is generally considered more accurate than static MR for this
purpose [11].

We found that sufficient size and location of the tumor were
important factors in deciding on whether the tumor invades
surrounding tissue (chest wall, mediastinal pleura, diaphragm,
vertebral body) or not. Invasion to surrounding structures can gen-
erally be determined in solitary tumors around 5 cm in maximum
dimension. Perhaps, the accuracy is lower for tumors larger than
10 cm, because the weight of large tumors limits their mobility even
if they are not invading the chest wall. Tumor invasion to the chest
wall in the apical area (particularly on the left side) is hard to judge,
even by RD MR, because the anatomical architecture tends to limit
tumor movement.

Since tumors near the diaphragm are easily affected by respi-
ratory movement, it is relatively simple to evaluate invasion to
surrounding structures.

Please cite thrs amcle in press as; Kajxwara N, etal Cme MR] enables better therapeutlc piarmmg than CI‘ in cases of possxb!e lung cancer chest
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(@) Case 1 CT: chest invasion (+) Pathological diagnosis . no pleural invasion

®)

{©) Case 3

Fig. 2. Comparison between CT and MRI and pathological findings. (a) Case 1: A 79-year-old woman with adenocarcinoma in the right lower lobe. On RD MR, the tumor
moves along the chest wall in synchrony with respiration. Chest wall invasion was ruled out and no invasion into the parietal pleura or chest wall was confirmed during
operation, and after operation the pathological stage was pT1NOMO stage 1A. In the sectioned surface, the border is indistinct with white and an elliptic form. (b) Case 2: A
40-year-old woman with large cell carcinoma in the right upper lobe. On RD MR, lack of tumor movement along the chest wall during respiration was considered to indicate
invasion by the surgeons. The adjacent parietal pleura and chest wall are resected in continuity with the primary lesion. The pathological stage was pT3NOMO stage 1iB. In
the sectioned surface, tumor invasion to the chest wall was found histologically (p3). (c) Case 3: A 73-year-old man with adenocarcinoma in the left upper lobe immediately
below the pleura, On RD MR, no tumor movement along the chest wall was recognized during respiration. Pathologically, no tumor invasion to the parietal pleura or chest
wall was found, but the tumor showed non-malignant adhesion with the parietal pleura. The pathological stage was pT1NOMO stage IA. In the sectioned surface, the border
is indistinct, the tumor appears white and elliptic, and it is accompanied with a cavity. The pleura adhered to the tumor, but no pleural invasion of the tumor was found
histologically (p0).

Please cite thi rtlct in press as: Kajiwara N, etal. CmeMRl enables better therapeutic planning than CTin cases of possible lung cancer chest
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Fig. 3. (a) Accuracy of RD MR in relation to histopathology. (b) Accuracy in relation to tumor’s site. (c) Accuracy in relation to T-factor. (d) Accuracy in relation to maximum

tumor dimension.

Many studies using conventional CT scan or static MRl have been
performed but limitations concerning their ability to detect chest
wall invasion have been reported [7,15-18]. The report of Glazer et
al. {1], which proposed the effectiveness of the combination of 2 or
3 CT criteria, suggested a method that, although quite sensitive, is
not very specific.

Therefore in Table 3, we compared the results of pathologi-
cal diagnosis and CT examinations by the criteria of Glazer and
the results of RD MR. Our prospective study, based on confirma-
tion by examination of resected specimens, showed that RD MR
had better results than conventional static CT, using the evalu-
ation method of Glazer, in terms of specificity, sensitivity and
accuracy.

Shiotani et al. {19] reported that the detection of the presence
or absence of minute amounts of pleural fluid between the lung
cancer tumor and chest wall is a key criterion for the determina-
tion of chest wall invasion, but this method requires an extremely
high level of radiological technique and expertise available only
in few institutions. Other methods have been suggested, such as
muiti-section expiratory dynamic computer tomography (ED CT),
using ultrafast CT, and this method, when used for the assessment
of tumor movement along the chest wall in cine mode yielded an
accuracy of 100%, but that report only described 15 cases [20]. The
fact that ultrafast CT is available at only a limited number of insti-
tutions, plus the high amount of exposure to radiation, are both
drawbacks for this method [20].

Dynamic evaluation using ultrasound (US) has also been
reported to have a sensitivity and specificity of 100% and 98% [21}.
However dynamic evaluation with US has a limited observation
range, and the accuracy of the evaluation depends greatly on the
skill and experience of the examiner.

Pneumothorax CT was reported to be useful in assessing chest
wall invasion of lung cancer in 43 patients with an accuracy rate of
100% for chest wall invasion and 76% for mediastinal invasion [22}].
However, this procedure had the drawback of significant complica-
tions (pneumothorax) in 4 patients (9%), one of whom (2%) suffered

subcutaneous emphysema. In addition, failure to induce artificial
pneumothorax was reported in 3 of those cases [22].

RD MR, although a noninvasive and simple technique, which
can be performed in addition to the routine MR examination, is
not always totally accurate in distinguishing invasion and non-
malignant adhesion to the chest by the tumor. However, this
limitation is also present in breathing dynamic ultrafast MRI, ED
CT, US and pneumothorax CT, and therefore this problem is com-
mon to all these procedures [19-22}]. In SST, the accuracy of RD MR
was 87.5%.

One limitation of this study was the inability in cases of
induction chemotherapy to accurately determine to conversion to
non-malignant adhesion of malignant tumor invasion.

The following two useful methods can help to distinguish
non-malignant adhesion from the invasion of malignant tumor pre-
operatively after induction chemotherapy. First is the method of
imaging using multi-detector CT (MD-CT) in combination with 18F-
fluorodeoxyglucose-positron emission tomography (FDG-PET),
which allows evaluation of accumulation of FDG with a quantita-
tive standard uptake value (SUV). The combination of the FDG-PET
image which images the function and the MD-CT image which
images the form provides understanding of each peculiar feature of
the findings of each imaging method and interpretation precision
improves {23,24].

The second is CT-guided needle biopsy of the area of adhesion.
This confirmation method is generally accurate, but there is the
possibility of complications {25-27]. If the site is found to consist
only of non-malignant adhesion by either of the above methods,
induction therapy can be implemented, followed by operation.

One other limitation of RD MR is that MRI is generally con-
traindicated in patients who have ferromagnetic materials in
certain locations (e.g. cerebral aneurysm clips, intraorbital metallic
foreign bodies, and pacemakers).

However, it is clear that RD MR is a simple noninvasive exami-
nation that can demonstrate restriction of tumor movement along
the chest wall during deep breathing. This method improves the
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precision of diagnosis of chest wall invasion in cases of periph-
eral type lung cancer abutting on the pleura, in comparison with
conventional CT or static MR.
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Several prospective randomized trials for patients with completely resected stages II and
IIIA nonsmall cell lung cancer have confirmed a survival benefit with cisplatin-based adju-
vant chemotherapy. The Lung Adjuvant Cisplatin Evaluation, which is based on pooled
analyses of five randomized trials, has demonstrated a 4.2% absolute survival benefit at S
years. The stage is the benchmark standard used to decide the indication for adjuvant che-
motherapy; however, it is important to identify and select the patients who would benefit
from adjuvant chemotherapy and to choose the optimal regimen for each case. The transla-
tional research was performed using specimens obtained in the above adjuvant trials also to
obtain information concerning biomarkers and subsets of patients who would benefit from
adjuvant chemotherapy. The extent to which individualized treatment of lung cancer can be
provided, especially adjuvant chemotherapy, is discussed in this manuscript. (Ann Thorac

Individualized Adjuvant Chemotherapy for Surgically
Resected Lung Cancer and the Roles of Biomarkers

Cardiovasc Surg 2009; 15: 144-149)

Key words: lung cancer, adjuvant chemotherapy, individualized treatment, biomarker

Introduction

Surgery is considered to be the standard treatment for
early-stage nonsmall cell lung cancer (NSCLC). However,
distant metastasis occurred in nearly 60% of patients
with stages I to IIIA NSCLC after complete resection.
Micrometastasis of the tumor is generally regarded as the
cause of recurrence; therefore systemic chemotherapy
after surgery is a rational strategy to reduce the risk of
recurrence and metastasis.

Recent large-scale randomized trials have confirmed
a survival benefit of adjuvant cisplatin-based chemother-
apy following complete surgical resection of NSCLC
(Table 1). The Lung Adjuvant Cisplatin Evaluation
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(LACE) study was based on a pooled meta-analysis of
individual patient data from 5 trials (Adjuvant Lung
Project Ttaly [ALPI];” Adjuvant Navelbine International
Trialist Association [ANITA}? Big Lung Trial [BLT}”
International Adjuvant Lung Cancer Trial [TALTL" and
JBR.10¥). The overall hazard ratio (HR) of death was 0.89
(95% confidence interval [CI]; 0.82-0.96; p <0.005),
which corresponds to a 5-year survival benefit of 4.2%
with chemotherapy.® The survival benefit varied with
stage, and the results showed that the cisplatin-based
adjuvant chemoth.erapy improved survival in patients
with completely resected stage II and stage III NSCLC
(Table 1). Japanese adjuvant trials showed that a survival
benefit was obtained with adjuvant chemotherapy using
uracil-tegafur (UFT) in stage 1 adenocarcinoma.” Meta-
analysis revealed that the benefit was limited to those
with a tumor size of 2 cm or more.¥ This suggests that
the indications of adjuvant chemotherapy might extend
from pathological stage I to stage ITI, which means that
most operated NSCLC cases should be recommended to
receive postoperative chemotherapy after surgery.
However, it is a sad scenario when many patients
receive toxic agents with few benefits; therefore the

Ann Thorac Cardiovasc Surg Vol. 15, No. 3 (2009)
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Table 1. Results of representative adjuvant trials

ALPI IALT JBR.10 ANITAOL BLT
Publication year 2003 2004 2005 2006 2004
Stage I-IIIA I-1I1A IB, II IB-ITIA I-1I1A
No. of cases 1,209 1,867 482 840 381
Regimen CDDP + VDS + CDDP + ETP CDDP + VNR CDDP+ VNR  CDDP + MMC +
MMC CDDP + VLB/ IFO/VLB
VDS/VNR CDDP + VDS/
VNR
HR 0.96 0.86 0.69 0.80 1.02
(95% CI) (0.81--1.13) (0.76-0.98) (0.52-0.91) (0.66-0.96) (0.77-1.35)
P value 0.589 <0.03 0.009 0.017 0.90
Survival benefit 3 4.1 15 8.6 -
at S years (%)
TRD (%) 0.5 0.8 0.8 1.7 3.1

ALPI, Adjuvant Lung Project Italy; JALT, International Adjuvant Lung Cancer Trial; ANITA, Adjuvant Navelbine
International Trialist Association; BLT, Big Lung Trial; HR, hazard ratio; 95% CI, 95% confidence interval; TRD,
total radiation dose; CDDP, cisplatin; VDS, vindesin; MMC, mitomycin C; ETP, etoposide; VLB, vinblastine; VNR,

vinorelbine; IFO, ifosfamide.

pursuit to identify patients who would really benefit from
specific regimens is important. To classify them and to
apply the optimal therapy to each subgroup would
provide a breakthrough in lung cancer management. The
ability to identify responder patients with particular
drugs or regimens is a challenge that requires the appli-
cation of translational research to clinical practice.*'?
The strong relationship between epidermal growth factor
receptor (EGFR) mutation and high response to gefi-
tinib'™'? is a typical example of the individualized
treatment of lung cancer.

A resection of NSCLC usually yields large amounts of
tissue for molecular analysis. Rapid advances in technology
have led to advanced assays to measure changes in
deoxyribonucleic acid (DNA), ribonucleic acid (RNA),
and proteins, which help to identify potential molecular
biomarkers of clinical outcome. Translational research
performed using specimens obtained in some of the
adjuvant trials mentioned above has provided some
information about biomarkers and identification of the
subsets of patients who would benefit from adjuvant che-
motherapy. Many biomarkers have been evaluated in the
context of the largest positive adjuvant NSCLC trials,
such as gene expression signatures, pS3 expression, and
K-ras mutations;"¥ DNA-repaired genes; and class III
B-tubulin (BTublll) expression status.” The individualized
treatment for the determination of adjuvant chemother-
apy is extensively discussed in this manuscript.

Ann Thorac Cardiovasc Surg Vol. 15, No. 3 (2009)

Excision Repair Cross-Complementation
Group 1"

The excision repair cross-complementation group 1
(ERCCI) enzyme plays a role in the nucleotide excision
repair pathway that recognizes and removes cisplatin-
induced DNA adducts.'” TALT demonstrated a 5%
survival benefit in overall 5-year survival among 1,867
NSCLC patients who received adjuvant cisplatin-based
chemotherapy after curative surgery.”

ERCCI expression was evaluated by immunohisto-
chemistry in a total of 761 consecutive tumor samples
from IALT. It was found to be positive in 335 (44%) and
negative in 426 (56%). Cisplatin-based adjuvant chemo-
therapy significantly prolonged the survival in ERCC1
negative cases (HR: 0.65; 95% CI: 0.50-0.86), but not in
ERCC1 positive cases (HR: 1.14; 95% CI: 0.84-1.55).
Among patients who received no adjuvant chemotherapy,
those with ERCCI — positive tumors survived longer than
those with ERCC1 — negative tumors (HR: 0.66; 95% CI:
0.49-0.90). The result showed that completely resected
ERCC1 — negative NSCLC cases could benefit from
cisplatin-based adjuvant chemotherapy (Table 2). The
evaluation of ERCCI expression in NSCLC before che-
motherapy predicts the effect of cisplatin-based adjuvant
chemotherapy, and this is therefore our promising bio-
marker for individualized treatment.
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Table 2. Results of IALT and ERCC1

Group All patients Cher;)otlkzgrapy Control group fOrI;lI:;fhr((i;;‘%OCI) P value
Patients with ERCCI ~ negative tumors 0.65 (0.50-0.86) 0.002
Deaths — no./total no. of patients 218/426 105/224 113/202
Rate of survival at 5 yr — % (95% CI) 44 (38-49) 47 (40-55) 39 (32-47)
Median survival - months 48 56 42
Patients with ERCC! - positive tumors 1.14 (0.84-1.55) 0.40
Deaths — no./total no. of patients 172/335 92/165 80/170
Rate of survival at 5 yr — % (95% CI) 43 (37-49) 40 (32-49) 46 (37-55)
Median survival — months 52 50 55

ERCCI, excision repair cross-complementation group 1; 95% CI, 95% confidence interval; yr, year.

Table 3. Results of JBR.10 and $-tubulin III expression

Low expression (132 cases)

RFS (6N
Observation (60) 1 1
Chemotherapy (72) 078 1.00
95% CI: 0.44-1.37 95% CI: 0.57-1.75
(p=04) (p=099
High expression (133 cases)
Observation (65) 1 1
Chemotherapy (68) 045 0.64
95% CI: 0.27-0.75 95% CI: 0.39-1.04
(p =0.002) (p=0.007)

RFS, relapse-free survival; OS, overall survival; 95% CI, 95% confidence

interval.

Class I1I B-Tubulin®

Tubulins constitute a family of globular proteins that
make up microtubules in cells; they are vital for cell
structure, movement, mitosis, and metabolism (vesicular
transport). High expression fTublll in advanced NSCLC
is known to correlate with both reduced response rates
and inferior survival following treatment with antimicro-
tubule agents.

Winton et al. published the results of a randomized
trial of adjuvant vinorelbine and cisplatin compared with
observation in completely resected stage 1B and stage 11
NSCL.C (National Cancer Institute of Canada Clinical
Trials Group [NCIC] JBR.10).> A total of 482 patients
were randomly assigned to either an adjuvant group (cis-
platin/vinorelbine) or an observation group. The adjuvant
group had a statistically significant longer survival than
the observation group (69% vs. 54% at 5 years; p = 0.002).”
Tumor tissues of resected specimens were collected from
265 out of 482 patients. Immunohistochemical staining
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was performed to evaluate the expression of BTubIIL
High BTublll expression is a sign of poor relapse-free
survival (RES) (HR: 1.52; 95% CL. 1.05-2.22; p = 0.03),
and a similar trend was observed in overall survival (OS)
(HR: 1.39; 95% CI. 0.96-2.01; p = 0.08). However, the
high BTublll expression group (n = 133) cases in the adju-
vant group had more significantly favorable RFS (HR:
045; 95% CI: 0.27-0.75; p = 0.002) than in the observa-
tion group, and similar results were observed in OS (HR:
0.64; 95% CI: 0.39-1.04; p = 0.007). These results showed
that adjuvant chemotherapy might prolong the RFS and
OS in the high-tubulin expression patients, but the effect
was unclear for the low-tubulin expression cases (Table 3).

KRAS and p53~

Protein expression of p53 and gene mutation of p33 and
RAS were retrospectively evaluated using NSCLC sam-
ples obtained in the NCIC JBR.10 study. A total of 132
out of 253 cases showed p53 protein overexpression. And

Ann Thorac Cardiovasc Surg Vol. 15, No. 3 (2009)
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Table 4. Results of JBR.10 and p53, RAS expression

Overall survival

Marker No. of :
patuents  pfedian  Hazardratio  95% CI P
pS3 wild type
Observation 136 6.2 1 0.04
Chemotherapy 137 18 0.67 0.46 to 0.98
P53 mutant
Observation 64 54 i 0.35
Chemotherapy 60 NR 0.78 0.46t0 1.32
RAS wild type
Observation 169 6.2 i 0.03
Chemotherapy 164 NR 0.69 0.49 to 0.97
RAS mutant
Observation 42 6.5 i 0.70
Chemotherapy 46 6.2 0.91 04710 1.78

95% CI, 95% confidence interval; NR, not reported.

though patients with p53-positive tumors had an overall
significantly shorter survival than those with p53-negative
tumors (HR: 1.89; 95% CL 1.07-3.34; p = 0.03), pS3-positive
tumors did show significant benefits from adjuvant che-
motherapy (HR: 0.54; 95% CI: 0.32-0.92; p = 0.02).
Patients with p53-negative tumors, however, had no sur-
vival benefit from adjuvant chemotherapy (HR: 1.40;
95% CI: 0.78-2.52; p = 0.26).

In 333 patients with wild-type RAS, survival was sig-
nificantly prolonged by adjuvant chemotherapy,
compared with observation-only cases (HR: 0.69; 95%
CI: 0.49-0.97; p = 0.03). But no survival benefit for
adjuvant chemotherapy was recognized in patients with
RAS mutant tumor (HR: 0.91; 95% CI: 047-178; p =
0.70) (Table 4).

Comments

Evidence-based medicine has been increasingly empha-
sized in medical practice in recent years, and standard-
ized treatment methods have been developed mainly by
multicenter randomized control trials. However, since the
biological nature of tumors varies with each patient and
their physical constitution, individualized treatment that
takes both of these aspects into consideration could pro-
vide ideal optimal care for each cancer patient. Scientists
have made enormous efforts to discover powerful bio-
markers to help evaluate the biological behavior of
cancer, and this strategy should be beneficial in selecting
the most suitable therapy for each patient. Several bio-

Ann Thorac Cardiovasc Surg Vol. 15, No. 3 (2009)

markers were evaluated using samples obtained in large
adjuvant chemotherapy trials of lung cancer (Table 5),
and some hold promise. The increased interest in identi-
fying biomarkers with implications for personalized
treatment is reflected in a recent decision by the Food
and Drug Administration (FDA) to allow, under certain
conditions, retrospective analyses of biomarkers from
completed trials.” The relationship between the histological
type of lung cancer and the sensitivity of pemetrexed has
been reported in inoperable lung cancer cases.’® Peme-
trexed is currently approved in the United States in
combination with cisplatin for the treatment of malignant
mesothelioma and for second-line treatment of advanced
NSCLC. A recent phase III trial compared cisplatin and
gemcitabine with cisplatin and pemetrexed for the treat-
ment of advanced NSCLC. This noninferiority phase III
randomized study compared OS between two groups.
The OS for cisplatin/pemetrexed was noninferior to cis-
platin/gemcitabine. Statistically, OS was significantly
superior for cisplatin/pemetrexed than cisplatin/gemcit-
abine was in adenocarcinoma patients and large cell
carcinoma patients (12.6 vs 10.9 months, 10.4 vs 6.7
months, respectively)."® Because pemetrexed is an anti-
folate that inhibits multiple enzymes involved in purine
and pyrimidine synthesis, thymidylate synthase (TS) is
its main target. Preclinical data indicate that overexpres-
sion of TS correlates with lower sensitivity to pemetrexed.
The baseline expression of TS gene and TS protein was
significantly higher in patients with squamous cell carci-
noma than in those with adenocarcinoma. This might be
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Table 5. Drug sensitivity, prognosis, and biomarkers

Biomarker ERCCI RRM1 BRCAL Class III B-tubulin KRAS
Expression High Low High Low High Low High Low Wild Mutant
Prognosis Good Good Poor Poor

CDDP O O O
Sensitivity Taxane © O O

VNR O O

GEM O O

ERCC1, excision repair cross-complementation group 1; RRM, ribonucleotide reductase subunit M1; BRCAI, breast
cancer 1, early onset; CDDP, cisplatin; VNR, vinorelbine; GEM, gemcitabine.

part of the explanation for the higher response of adeno-
carcinoma to pemetrexed. Further analysis of the
relationship between the chemotherapy regimen and TS
will be performed in a prospective manner; patients with
stage II and stage III completely resected NSCLC are
being treated with standard adjuvant chemotherapy or an
individualized regimen determined by TS and ERCCI
expression (International Tailored Chemotherapy Adjuvant
[ITACA] trial).”

Here is another approach to determine a suitable
biomarker using proteomics. Maeda et al. performed a
comprehensive protein analysis using surgically resected
specimens of stage I adenocarcinoma by liquid chroma-
tography tandem mass spectrometry, followed by
bioinformatical investigations to identify protein mole-
cules.'” Two kinds of molecules (myosin IIA and
vimentin) were identified as being related to prognosis
and also to the responsiveness to adjuvant chemotherapy.
Patients lacking expression of both myosin IIA and
vimentin showed a significantly better outcome, regard-
less of postoperative adjuvant chemotherapy using UFT.

The nonrelapse survival of these patients at 5 years
was 100%, which is better than that of patients positive
for both myosin ITA and vimentin. Also, cases lacking
expressions of both the two proteins had a good prognosis,
irrespective of whether the patients had undergone adju-
vant chemotherapy. In cases showing a positive
expression of both myosin ITA and vimentin, the 5-year
survival benefit was approximately 19% by adjuvant che-
motherapy using UFT. Therefore these two proteins
appear to be potentially useful biomarkers for the selec-
tion of adjuvant chemotherapy.'”

The current retrospective data are by no means suffi-
cient to support the routine use of molecular markers to
guide adjuvant therapy for NSCLC outside of a clinical
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trial.

Before a molecular test can be adopted for routine
practice, valid and standardized laboratory techniques
must be established. The establishment of the feasibility
of molecularly tailored adjuvant therapy for patients with
resected NSCLC requires a prospective phase II trial. It
is also important not only to select a suitable regimen,
but also to develop innovative treatments, such as gene
and molecular-targeted therapy.
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TPR : Tissue Phantom Ratio, MLC : Multileaf collimator, PDD . Percent Depth Dose,
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