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Figure 1 Receiver-operating characteristics (ROC) curve for predicting recurrence. (A) Adenocarcinoma: AUC 0.80 (95% Cl: 0.69 to 0.92), P
<0.001. (B) Squamous cell carcinoma: AUC 0.65 (95% Cl: 0.38 to 0.92), P =0.257. AUC, area under the curve; Cl, confidence interval.
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sensitivity and specificity. The prognostic evaluation was
performed by considering the disease-free survival (DES)
period. DFS was defined as the time until lung cancer
recurrence, second cancer occurrence, or non-lung-
cancer-related death. The DFS was analyzed using the
Kaplan-Meier method. Differences in DFS were assessed
using the log-rank test. To assess the potential independ-
ent effects on the DFS, we performed multivariate ana-
lyses using the Cox proportional hazards model. A P value
of <0.05 was considered as statistically significant.

Results

Clinical characteristics

The characteristics of the patients are summarized in
Table 1. A total of 52 patients had invasive ADC, and 32
had SQC. The patients ranged in age from 46 to 83 years
(mean: 69.0 years). There were 56 men and 28 women.
The median value of the SUVmax of all the tumors was
7.4 +4.7 (range: 0 to 18.1). The patient age, sex, and
mean SUVmax differed significantly between the histo-
logical subtypes.

Relationship between the maximal standardized uptake
value and clinicopathological findings

Among the ADC patients, a statistically significant correl-
ation was observed between the SUVmax and the degree of
tumor differentiation (P =0.008), pleural invasion (P =0.001),
vascular invasion (P =0.001), and nodal status (P =0.007). In
contrast, among the SQC patients, no statistically significant
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Table 3 Comparison of SUVmax between ADC and SQC

ADC: SUVmax SQC: SUVmax
Factor Low High Pvalue Low High P value
Pleural invasion 0027 0.064
No 19 19 17 9
Yes 2 12 1 5
Vascular invasion 0.042 0.735
No 17 16 9 6
Yes 4 15 9 8
Nodal status 0016 0.365
NO 21 23 16 10
NT-+2 0 8 2 4 ;
Cox-2 expression 0.001 0473
Negative 13 5 12 7
Positive 8 26 6 7
Ki-67 expression 0.011 0.087
Negative 15 " " 4
Positive 6 20 7 10
VEGF expression 0.003 0.999
Negative 12 5 9 7
Positive 9 26 9 7

ADC: adenocarcinoma, Low/High = SUVmax 3.95. SQC: squamous cell
carcinoma, Low/High = SUVmax 9.70. Cox-2, cyclooxygenase-2; SUVmax,
maximal standardized uptake value; VEGF, vascular endothelial growth factor.
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associations were observed between the SUVmax and any
of the clinicopathological factors (Table 2).

Relationship between the maximal standardized uptake
value and immunohistochemical findings

Among the ADC patients, the Cox-2-positive, Ki-67-
positive, and VEGF-positive cases showed a significantly
higher SUVmax than the cases that were negative for
these markers. On the other hand, among the SQC
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patients, the Cox-2-positive and Ki-67-positive cases
showed a significantly higher SUVmax than the cases
that were negative for these markers (Table 2). Using a
multiple stepwise regression analysis, Cox-2 expression
(P =0.007) and Ki-67 expression (P =0.028) remained
as significant factors that were independently related
to the SUVmax in the ADC patients, but only Ki-67
expression (P =0.037) remained significant in the SQC
patients.
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Figure 2 Kaplan-Meier disease-free survival curve according to the maximal standardized uptake value (SUVmax). (A) Adenocarcinoma:
log-rank P <0.001. (B) Squamous cell carcinoma: log-rank P =0.284.
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Prognostic value of maximal standardized uptake value
and immunohistochemical findings

We used an ROC curve analysis to evaluate whether the
SUVmax could predict recurrence (Figure 1). The ROC
curves identified an optimal SUVmax cutoff value of
3.95 for predicting recurrence in patients with ADC
(area under the curve (AUC) =0.80, P <0.001), but not
for patients with SQC (AUC =0.65, P =0.257). We di-
vided the patient population based on a SUVmax cutoff
value of 3.95 for the ADC patients and 9.70 for the SQC
patients. Among ADC patients, a high SUVmax was sig-
nificantly correlated with pleural invasion (P =0.027),
vascular invasion (P =0.042), nodal status (P =0.016),
Cox-2 expression (P =0.001), Ki-67 expression (P =0.011),
and VEGF expression (P =0.003) (Table 3). On the other
hand, among the SQC patients, a high SUVmax was not
significantly correlated with these factors.

The DFS of ADC patients with a high SUVmax was
significantly poorer than that of patients with a low
SUVmax (P <0.001, log-rank test; Figure 2A). In con-
trast, the DFS of SQC patients with a high SUVmax was
not significantly poorer than that of patients with a low
SUVmax (P =0.284, log-rank test; Figure 2B). A univari-
ate analysis of DFS was performed using the variables of
pathological stage, SUVmax, Cox-2 expression, Ki-67 ex-
pression, and VEGF expression. Among the ADC pa-
tients, all the variables were associated with DFS; among
the SQC patients, however, only Cox-2 expression was
associated with DFS (Table 4). In a multivariate analysis,
pathological stage and SUVmax were independent prog-
nostic factors for DFS among the ADC patients, but only

Table 4 Results of the univariate and multivariate cox
regression analysis of disease-free survival

Univariate Multivariate

HR 95%Cl Pvalue HR 95%ClI  Pvalue
A) Adenocarcinoma
Pathological stage 126 1.14-1.10 0001 115 1.02-1.30 0019
SUVmax 1942 258-1460 0001 919 1.10-76.54 0040
Cox-2 expression 408 1.18-1404 0026 157 040-622 0521
Ki-67 expression 444 159-1238 0004 177 054-577 0342
VEGF expression 552 127-2394 0023 167 036-778 0515
B) Squamous cell carcinoma
Pathological stage 1.16 099-136 0073 109 0.88-136 0432
SUVmax 246 045-1343 0300 114 014940 0906
Cox-2 expression 946  1.10-8140 0041 736 104-7205 0048
Ki-67 expression 168 031-920 0548 132 023-754 0753
VEGF expression 052 0.10-284 0450 062 089-431 0627

Pathological stage: | versus Il + Ill. CI, confidence interval; Cox-2,
cyclooxygenase-2; HR, hazard ratio; SUVmax, maximal standardized uptake
value; VEGF, vascular endothelial growth factor.
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Cox-2 expression was an independent prognostic factor
for DES among the SQC patients (Table 4).

Discussion

In this study, we investigated the correlations among the
expressions of tumor angiogenic biomarkers, the SUV-
max on FDG-PET, and the prognosis according to histo-
logical subtypes. As a result, some clear differences in
the prognostic value of SUVmax and Cox-2 expression
were observed between ADC and SQC. Until now, most
publications discussing the correlation between the SUV-
max and clinicopathological or prognostic factors have
not investigated tumors according to histological subtype.
Recently, Tsutani et al. reported that the SUVmax of the
primary tumor was a powerful prognostic determinant for
patients with ADC, but not for those with SQC [17]. The
present study provides the evidence showing correlations
among the expressions of biomarkers, the SUVmax, and
prognosis according to histological subtype. The import-
ant findings of this present study were as follows: (i) the
SUVmax was correlated with clinicopathological and bio-
logical factors in patients with ADC, but not in those with
SQC; ii) the SUVmax was a powerful prognostic factor
in patients with ADC, but not in those with SQC; (iii)
Cox-2 expression was a powerful prognostic factor in
patients with SQC, but not in those with ADC. These
findings suggest that the SUVmax had no significant
value when considering therapeutic strategies for pa-
tients with SQC.

The SUVmax of primary lung nodules has been re-
ported to be helpful in distinguishing between malignant
and benign tumors, based on the relatively higher values
that are seen for malignant tumors [18]. We speculated
that tumors showing a higher SUVmax might be more
aggressive and might have a higher proliferation poten-
tial. We then examined this hypothesis by studying the
correlation between the SUVmax and the expressions of
some molecular biomarkers, since the overexpression of
these markers is known to accelerate tumor progression
in NSCLC patients.

Cox-2 expression is highly correlated with tumor angio-
genesis and also regulates other angiogenic factors. Some
investigators have demonstrated that Cox-2 is constitu-
tively overexpressed in a variety of epithelial malignancies,
such as lung, breast, pancreas, colon, esophagus, and head
and neck cancers, and Cox-2 overexpression is usually as-
sociated with a poor prognosis [19,20]. To date, some arti-
cles have investigated the association between Cox-2
expression and tumor angiogenesis [21]. Recent evidence
suggests that Cox-2 plays an important role in tumor-
induced angiogenesis through the synthesis of angiogenic
prostaglandins, which induce VEGF, and that Cox-2
contributes to neovascularization and may support the
vasculature-dependent growth of solid tumors [19].
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Our results using resected tissues indicate that the
SUVmax of primary tumors might reflect the bio-
logical malignant potential, such as tumor angiogen-
esis. Cancer treatment targeting the control of Cox-2
might become feasible in the future. In 2008, Edelman
et al. [14] reported that patients with advanced NSCLC
tumors with moderate to high Cox-2 expression had a
poorer survival outcome than those with a low expres-
sion level. Moreover, patients with moderate to high
Cox-2 expression had a better tumor response to a
Cox-2 inhibitor (celecoxib) in terms of a longer me-
dian survival compared with those not receiving cele-
coxib [14]. On the other hand, in the NVALT-4 study
performed in 2011, celecoxib did not improve survival,
and Cox-2 expression was not a prognostic biomarker
and had no predictive value when celecoxib was added
to chemotherapy. However, in a subset analysis, patients
with SQC seemed to perform better when treated with
celecoxib [22]. Since our results indicate that Cox-2 ex-
pression is an independent prognostic factor in SQC, the
administration of a Cox-2 inhibitor to patients with SQC
seem reasonable.

Immunostaining with the Ki-67 antibody is a widely
accepted method for evaluating proliferative activity in a
variety of human tumors. Vesselle et al. reported the ex-
istence of a relationship between the Ki-67 expression
index and the degree of FDG uptake in NSCLCs [23].
Also in this study, the expression of Ki-67 was signifi-
cantly related to the SUVmax in both ADC and SQC.
On the other hand, the VEGF family of proteins modu-
lates angiogenesis, which is essential for tumor growth
and metastasis. The expression of VEGF has been shown
to be associated with tumor angiogenesis, metastasis,
and prognosis in several cancers, including NSCLC. To
date, two reports have shown a correlation between the
expression of VEGF and the SUV on PET-CT [10,16].
Kaira et al. demonstrated a significant correlation be-
tween VEGF expression and FDG uptake in NSCLCs
[10]. However, our results were not similar to the results
of previous report.

A feature of this study was the histological classifica-
tion of the tumors into ADC and SQC. Recently, clear
evidence has suggested that the classification of NSCLC
into pathologic subtypes is important for the selection of
an appropriate systemic therapy, from the viewpoint of
both treatment efficacy and the prevention of toxicity.
Pemetrexed yields a much better treatment outcome in
patients with ADC than in those with SQC [24]. The use
of bevacizumab has been shown to be associated with an
increased risk of fatal pulmonary hemorrhage in pa-
tients with SQC [25]. Epidermal growth factor receptor
mutations is more commonly encountered in ADC
[26]. Because of the choice of treatment for SQC, fur-
ther studies are needed. The present study suggests
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that a Cox-2 inhibitor might be indicated for the treat-
ment of SQC.

Conclusions

In conclusion, some clear differences were observed in
the prognostic value of Cox-2 expression and the SUV-
max on FDG-PET between patients with ADC and those
with SQC. Among patients with SQC, Cox-2 expression
was a powerful prognostic factor. In patients with ADC,
on the other hand, the SUVmax was a potential bio-
marker of clinical outcome. These findings indicated
that the SUVmax of primary tumors might reflect the
biological malignant potential in ADC, but the SUVmax
had no significant value for determining the therapeutic
strategy in patients with SQC. Further study is needed
to investigate other factors that might influence the
SUVmax on FDG-PET. The small number of patients
was a major limitation of the present study.
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Three-dimensional multidetector computed tomography may aid
preoperative planning of the transmanubrial osteomuscular-
sparing approach to completely resect superior sulcus tumor
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Abstract The anterior transcervical-thoracic approach
clearly exposes the subclavian vessels and brachial plexus.
We believe that this approach is optimal when a superior
sulcus tumor (SST) invades the anterior part of the thoracic
inlet. However, this approach is not yet widely applied
because anatomical relationships in this procedure are
difficult to visualize. Three-dimensional tomography can
considerably improve preoperative planning, enhance the
surgeon’s skill and simplify the approach to complex sur-
gical procedures. We applied preoperative 3-dimensional
multidetector computed tomography to a case where an
SST had invaded the anterior part of the thoracic inlet
including the clavicle, sternoclavicular joint, first rib,
subclavian vessels and brachial plexus. After the patient
underwent induction chemotherapy, we performed the
transmanubrial osteomuscular-sparing approach and added
a third anterolateral thoracotomy with a hemi-clamshell
incision and completely resected the tumor.

This study was presented at the 65th Annual Scientific Meeting of the
Japanese Association for Thoracic Surgery.
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Abbreviations

3-D Three dimensional

CcT Computed tomography

DICOM Digital imaging and communication in
medicine

MD Multidetector

SST Superior sulcus tumor

VATS Video-assisted thoracoscopic surgery

Introduction

The anterior transcervical-thoracic approach applied by
Dartevelle and colleagues [1] clearly exposes the sub-
clavian vessels. Furthermore, Grunenwald’s [2, 3]
improvement preserves the clavicle and sternoclavicular
joint. In this procedure, referred to as the “transmanubrial
osteomuscular-sparing approach”, part of the manubrium
and the first costal cartilage are sectioned and moved away
with the clavicle. We believe that this approach is optimal
when a superior sulcus tumor (SST) has invaded the
anterior part of the thoracic inlet. However, this approach is
not yet widely applied. One of the reasons may be the
difficulty in understanding the concept of this method.
Another problem pointed out by several authors is the
occasional need for additional thoracotomies for lobecto-
mies with lymph node dissection.

New technologies can considerably improve preopera-
tive planning, enhance the surgeon’s skill and simplify the
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approach to complex surgical procedures. Recently, sur-
gical simulation based on preoperative 3-dimensional
multidetector computed tomography (3-D MDCT) scans
has been developed in the field of thoracic surgery as well
as head and neck surgery, neurosurgery, and orthopedic
surgery [4, 5]. We applied preoperative 3-D MDCT to a
surgical case where an SST had invaded the anterior part of
the thoracic inlet, including the clavicle, sternoclavicular
joint, first rib, subclavian vessels and brachial plexus. We
first applied induction chemoradiotherapy and then com-
pletely resected the tumor using the transmanubrial osteo-
muscular-sparing approach plus a third anterolateral
thoracotomy with a hemi-clamshell incision.

Case

A 7Tl-year-old man was referred to our hospital for a
detailed examination after he complained of bloody sputum
and paralysis of his right upper arm in the medial ante-
brachial cutaneous nerve area. A chest CT scan revealed a
large mass measuring 5 cm in diameter in the apex of the

Fig. 1 Chest CT images
revealed a superior sulcus tumor A
invading the anterior part of the
thoracic inlet before (a, b) and
after (¢) chemoradiotherapy.
This tumor potentially invaded
subclavian vessels and brachial
plexus (a)

@ Springer

right lung. The CT images indicated that the mass had
invaded the first rib, and possibly the subclavian vessels
and brachial plexus (Fig. 1a, b). Non-small cell carcinoma
was diagnosed on the basis of the results of a transbron-
chial lung biopsy. After the patient underwent a detailed
examination that included a brain MRI and PET-CT
scanning, he was treated with preoperative induction che-
moradiotherapy, which is the standard treatment for SSTs
(clinical T4ANOM stage IIIB). The tumor shrank in size
following 2 cycles of q3wks, cisplatin (80 mg/m?) D1 plus
vinorelbine (20 mg/m?) D1, 8 with 40 Gy of irradiation
(Fig. 1c). Thereafter, we performed a right upper lobec-
tomy and combined resection the first rib and brachial
plexus (C8 and Thl).

One of the major goals of this operation was to preserve
the mobility of the right arm, the patient being an actor. He
stated that he did not want the surgery if the mobility of his
right arm was affected. With this in mind, we used a 3-D
MDCT viewer that runs on QuickTime software to simu-
late the surgery and to understand the anatomical rela-
tionship between the SST and the thoracic inlet, including
the clavicle, sternoclavicular joint, first rib, subclavian
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Fig. 2 A preoperative 3-D MDCT reconstruction of the superior
sulcus tumor located in the anterior part of the thoracic inlet including
the clavicle, sternoclavicular joint, first rib, subclavian vessels and
brachial plexus. Made with QuickTime software

vessels and brachial plexus. We planned our surgical
approach based on this preoperative simulation (Fig. 2).
This 3-D MDCT surgical simulation was performed using a
64-channel multidetector CT (MDCT) (Light Speed VCT,
General Electric Company, CT, USA). These digital
imaging and communication in medicine (DICOM) data
were transferred to a workstation with Synapse Vincent
volume-rendering reconstruction software (Fujifilm Cor-
poration, Tokyo, Japan). The DICOM data of MRI were
also used to obtain information about the brachial plexus.
Both 3D reconstructions of MDCT and MRI were com-
bined and adjusted with costal positions.

On the basis of the results of this surgical simulation, we
first applied the transmanubrial osteomuscular-sparing
approach to confirm tumor invasion in the upper limit of
the C8 segmental branch of the brachial plexus. After
confirming that the brachial plexus (C7) was intact intra-
operatively (Fig. 3a, b), we carried out a third anterolateral
thoracotomy with a hemi-clamshell incision for a right
upper lobectomy. Using special 3D viewer that recon-
structed both MDCT and MRI, we could understand the
anatomical relationship between the SST and the thoracic
inlet, including the clavicle, sternoclavicular joint, first rib,
subclavian vessels and brachial plexus as a preoperative
simulation (Fig. 3c). Finally, we achieved pathological
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curative resection by performing right upper lobectomy
and combined resection of the first rib and brachial plexus
(C8 and Thl) with complete mediastinal lymph node dis-
section. We operated for 7 h with 750 ml of blood loss. His
final pathological stage was ypT3NO (0/18) MO IIB with
Ef. 3: no residual cancer cells.

Discussion

For approximately 40 years, from the 1960s to the 2000s,
the treatment strategy for SSTs was induction radiotherapy
followed by surgery. This treatment strategy has changed
as a result of two Phase II studies that evaluated the use of
induction chemoradiotherapy followed by surgery. One
was Southwest Oncology Group Trial 9416 (intergroup
trial 0160) [6] and the other was Japan Clinical Oncology
Group Trial 9806 [7]. The new strategy improved the
complete resection rate from about 50 to 70 % and the
S-year survival rate from about 30 to 50 %; as a result, it
has become the standard treatment for SST. However, the
appropriate surgical technique to completely resect an SST
when it invades major anatomical areas is still challenging.

One of the biggest difficulties in achieving complete
resection is that when an SST has invaded the thoracic
inlet, particularly the anterior transcervical-thoracic area in
which the subclavian vessels and brachial plexus are often
involved, it is difficult to visualize their anatomical
placement. However, the anterior transcervical-thoracic
approach developed by Dartevelle and colleagues [1]
shows the subclavian vessels clearly. The improvements
made by Grunenwald and Spaggiari [2] and Grunenwald
et al. [3] to this approach also preserve the clavicle and
sternoclavicular joint. During this “transmanubrial osteo-
muscular-sparing approach”, as it is called, part of the
manubrium and the first costal cartilage are sectioned and
moved away with the clavicle. However, this approach is
not still widely used possibly because it is difficult to
imagine the anatomical relationships in this procedure or to
understand the concept of this approach.

Recently, surgical simulations based on preoperative 3-D
CT scans have been developed in the fields of thoracic
surgery as well as head and neck surgery, neurosurgery,
orthopedic surgery and general surgery. The efficacy of 3-D
CT angiography using MDCT for preoperative assessment
for thoracic surgery has been described. Accurately
depicting individual anatomies of pulmonary vessels and
bronchi, and preoperative simulation using 3-D MDCT
could play an important role in facilitating a safe and
complete VATS lobectomy procedure, as some previous
reports suggested [5]. We also previously reported the
benefits of a virtual segmentectomy, a novel surgical sim-
ulation system based on high-quality 3-D lung modeling,
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Fig. 3 Operation picture
showing the anatomical
relationship between the
superior sulcus tumor and the
subclavian artery, vein and
brachial plexus upper limit of
C8 of the brachial plexus (a, b).
¢ showed that 3D viewer was
able to reconstruct the operation
view of a, b

including vascular and bronchial structures. This new
technology can help thoracic surgeons perform appropriate
anatomical segmentectomy and curative resection [4].

We performed surgery on our patient with an SST that
had invaded the anterior part of the thoracic inlet with the
aim of preserving the mobility of his right arm. It was
critical to confirm precisely and less invasively whether the
tumor had invaded the upper limit of C8 of the brachial
plexus. Therefore, we first applied the transmanubrial os-
teomuscular-sparing approach based on the images we
obtained from the 3-D MDCT viewer that showed the
anatomical relationship between the SST and the thoracic
inlet, including the clavicle, sternoclavicular joint, first rib,
and subclavian vessels. Subsequently, we performed a third
anterolateral thoracotomy with a hemi-clamshell incision
to achieve curative intent resection.

These preoperative simulation and intraoperative navi-
gation using 3-D MDCT appeared to simplify the approach
to complex surgical procedures such as the anterior trans-
cervical-thoracic approach including the transmanubrial
osteomuscular-sparing approach as well as VATS and
segmentectomy. However, as this is apparently the first
case report, we have to evaluate further SST cases and
other complex surgical procedures. Additionally, we think
that there are other examples of new 3-D technology that
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provide a realistic preoperative simulation and that could
help surgeons perform complex operations, such as the
thoracic structure model made with a 3-D printer.

Conclusion

We have described the possibility of using 3D-MDCT for
preoperative and intraoperative management of complex
surgical procedures such as the transmanubrial osteomus-
cular-sparing approach with an additional third anterolat-
eral thoracotomy with a hemi-clamshell incision to resect
an SST following chemoradiotherapy.
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