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Invason

Kiyoshi Koizumi, MD, Shuji Haraguchi, MD, Tomomi Hirata, MD, Kyqji Hirai, MD,
Iwao Mikami, MD, Shigeki Yamagishi, MD, Daisuke Okada, MD, Hiroyasu Kinoshita, MD,

Yutaka Enomoto, MD, Yuki Nakajima, MD, and Kazuo Shimizu, MD, FACS

Vertebral body invasion by lung cancer has been problematic due to uncertainty regarding a
clear surgical resection margin. Therefore, additional chemoradiother apy has been performed
to assist clearance of the surgical margin. Wereviewed our experience of surgical treatment for
lung cancer patientswith vertebral invasion. Between 1982 and 2003, 1,070 patients underwent
lung cancer surgery at the Nippon M edical School Hospital. Eight patients(0.74%) of thisgroup
underwent acombined vertebral body and chemor adiother apy. Seven lobectomiesand one pneu-
monectomy with mediastinal lymphadenectomy wer e performed. All patients underwent par-
tial vertebrectomy. The percentage with vertebral tumor involvement was 15%. A defect of
vertebral cortical bone was reinforced with implantation of rib in one patient. There was no
postoper ative mortality. Postoper ative complications were pneumonia and arrhythmia. The
median follow-up period was 19 months (range from 4 to 69.7 months). The overall actuarial
survivals at 1-year, 3-year and 5-year were 68.6%, 22.9% and 22.9%. Local recurrence oc-
curred in three patients and distant metastasis was evident in five. Even though the number of
patients was small, partial vertebrectomy with chemoradiotherapy offer reduction of severe
pain and an improved prognosis. However, a patient with further progressive disease should be
treated with a multidisciplinary approach. (Ann Thorac Cardiovasc Surg 2004; 10: 229-34)
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I ntroduction

Surgical treatment of lung cancer with direct invasion to
the vertebral body and surrounding tissue has been prob-
lematic dueto local regional recurrence with apoor prog-
nosis, particularly in patients with superior sulcus tu-
mors.*¥ Ginsberg et al.¥ emphasized that a complete re-
section must be carried out to achieve long-term survival
in patients with vertebral column invasion. Vertebrectomy
followed by reconstruction and a multidisciplinary ap-
proach was reported to offer an improved prognosis.>*?
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Although amultidisciplinary approach may be needed to
control surgical margin, the thoracic surgeon must de-
cideif total vertebrectomy should be doneiif direct inva-
sion involves 30% or less of vertebral cortical bone. Ac-
cording to prior studies, preoperative and postoperative
concurrent chemoradiotherapy has been recommended to
avoid local recurrence.’>* We have treated lung cancer
with 30% or less of vertebral column invasion with pre-
operative and/or postoperative chemoradiotherapy. We
report clinical outcomes of patients who underwent sur-
gical treatment of lung cancer with invasion to the tho-
racic vertebrae.

Material and M ethods
Between July 1982 and July 2003, 1,070 patients under-

went surgical treatment for primary lung caner at Nippon
Medical School Hospital. One hundred and ninety-one

229



Koizumi et al.

Table 1. Characteristicsof lung cancer patients who underwent combined resection of thoracic vertebral column

Case (C‘g?) Gender Histology p-TNM (ﬁ;rzne) Involved ribs and vertebrae  Chemotherapy  Radiotherapy Ra?g)' on

1 61 Male q t4n1m0 60 1st, 2nd, 3rd rib Post Pre and Post 0
2nd, 3rd, 4th vertebral body 20 Gy and 40 Gy

2 52 Male Ad t3n2mO0 50 1st, 2nd, 3rd rib Post Pre and Post 1
1st, 2nd vertebral body 30 Gy and 40 Gy

3 46 Male S t4n0OmO 60 1st, 2nd, 3rd rib Post Post None
2nd, 3rd, 4th vertebral body 60 Gy

4 48 Male Ad t4n3m0 100  1st, 2ndrib Pre and Post Pre 1
1st, 2nd vertebral body 68 Gy

5 54 Male Ad t4n2mO0 60 1st, 2nd, 3rd, 4thrib Post Post None
1st, 2nd vertebral body 60 Gy

6 70 Male Ad t4n2m0 80 1st, 2nd rib Post Pre and Post 2
1st, 2nd vertebral body 32 Gy and 30 Gy

7 55 Male Sq t4n0OmO 90 1st, 2nd, 3rd, 4thrib Post Pre and Post 3
1st, 2nd, 3rd vertebral body 40 Gy + 30 Gy

8 73 Male Ad t3n2mO0 60 2nd, 3rd, 4thrib None Pre 2
2nd, 3rd, 4th vertebral body 30 Gy

Sq, squamous cell carcinoma; Ad, adenocarcinoma.

patients (17.9%) underwent combined resection of adja-
cent organsincluded eight partial vertebrectomy (0.74%)
between 1988 and 2003 (Table 1). Preoperative condi-
tions reviewed were age, gender, symptoms, and smok-
ing index. Tumor location, size and spread of tumor was
evaluated by chest roentgenogram, chest computed to-
mography (CT) scan and magnetic resonance imaging,
and if necessary, angiography. Histologica diagnosiswas
obtained by trans-bronchial lung biopsy or CT guided
needle lung biopsy. Vertebral invasion was confirmed at
surgery and postoperative pathological examinationinall
patients. The percentage of vertebra involvement with
tumor was calculated by NIH image. Surgically related
factors reviewed were duration of surgery, blood loss, and
technical details. Preoperative radiation therapy was
scheduled asadose of 30 Gy for threeweeks. CDDP+UFT
were employed as a radiosensitizer in patients who un-
derwent concurrent chemoradiotherapy. Postoperative
radiotherapy was performed a few weeks after surgery.
The patients studied were followed up at the out-patient
clinic of the Division of Thoracic Surgery, Nippon Medi-
cal School Hospital. Survival curve was calculated by the
Kaplan-Meer method.

Results
Eight patients underwent surgery for primary lung can-

cer with vertebral column invasion (Table 1). All patients
were male with amedian age of 57 years (range 46 to 73
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years). There were adenocarcinoma (n=5) and squamous
cell carcinoma (n=3). The average tumor sizewas 71 mm
(range 50 to 100 mm). The clinical diagnosis of vertebral
invasion (T4) was made on chest X-ray, chest CT scan,
and magnetic resonance imaging. After surgery, patho-
logical T factor was T3 in two patient and T4 in six pa-
tients. Pathological T3 shown in two patients revealed
grade 1 and 3 of radiation effect (Ef). Vertebral invasion
involved two vertebral bodies on average (range 1 to 3
vertebral bodies). Periosteal or neural foraminainvolve-
ment was found in all patients. Two of eight patientswere
node negative (NO, n=2), but the remaining six were node
positive (N1, n=1; N2, n=4; N3, n=1). All patients re-
quired medication for severe pain. Preoperative concomi-
tant diseases were diabetes mellitus in another patient,
brain infarction in another and postoperative status dis-
tant organ cancer in athird patient.

Adjuvant chemor adiotherapy

All patients underwent adjuvant therapy as shownin Table
1. Four patients underwent pre- and postoperative radio-
therapy, two preoperatively, and two postoperatively. Six
patients had postoperative concurrent chemotherapy and
one patient underwent pre- and postoperative concurrent
chemoradiotherapy. After resection of their radiated area,
additional resection of the vertebral cortical bone was per-
formed at least 5 mm in depth from the surface of initial
surgical margin to achieve a clear surgical margin.
Resected bone and surrounding tissue was saved for patho-
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Surgery  Margins Loizlcurrelg(i:;ant Progonosis  Term months
RUL Negative Present Dead 69.7
RUL Positive Present  Present Dead 214
LUL Negative None None Dead 10.7
LPn Positive Present  Present Dead 4.9
LUL Positive Present  Present Dead 21.7
RUL Positive Present  Present Dead 4
RUL Negative None None Alive 16.1
RUL Negative None None Alive 7

logical examination as was the remnant of the tumor. Of
the six patients undergoing preoperative radiation therapy,
pathological examination revealed Ef O inone, Ef 1in
two, Ef 2 intwo, and Ef 3 in one patient, postoperatively.

Surgery

Median duration of surgery and total amount of blood
loss were 459 minutes (range 350 to 610 min) and 937
ml (range 200 to 1,800 ml), respectively. Of the eight pa
tientsundergoi ng pulmonary resection, one underwent pneu-
monectomy and seven underwent |obectomy (Table 1). The
percentage of vertebral involvement with tumor was 15%
on the average ranging from 5% to 25%. One patient had
30% of the vertebra body resected. The defect of vertebral
cortical bone was reinforced with implantation of rib
harvested from the chest wall (Fig. 1 and Fig. 2). Posterior-
|ateral-anterior thoracotomy (Hook skin incision) using
Kent's retractor was employed in seven patients in order
to mobilize the scapul a, to obtain exposure, and to achieve
aclear surgical margin. The intercostal spaceto enter the
thorax was determined pre-operatively. The distal mar-
gins of the involved ribs occupied with tumor were cut at
3 cminspected from the tumor. Subsequently, the pleural
cavity was observed. Ribs involved with tumor were dis-
articulated from the transverse process and vertebral body.
In five patients, transverse processes were resected. Re-
section of the vertebral cortical bone was continued until
normal bone was encountered. In six patients who under-
went preoperative radiotherapy, the radiated area changed
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to grayish and fragile fibrous tissues. In one patient, a
transverse supraclavicular cervicotomy and upper half me-
dian sternotomy with anterior thoracotomy along thethird
intercostal space (Masaoka's cervico-sterno-thorac-
otomy)'® was employed in order to perform a combined
resection of the left subclavian artery, vein and the verte-
bral body.

Postoper ative complications and prognosis

The major postoperative complication was pneumonia,
occurring in cases 1 and 3. Local recurrence occurred in
four patients and distant metastasis was in five. The me-
dian follow-up period was 19.1 months (range 4 to 69.7
months). Overal 1-year, 3-year, and 5-year actuaria sur-
vival were 68.6%, 22.9% and 22.9% (Fig. 3). The long-
est survivor was 61 year old male (case 1), with TAN1IMO
of squamous cell carcinomawho died of pneumonia af-
ter chemotherapy for liver metastasis.

Discussion

Vertebral column invasion is reported to carry a poor
prognosis. In patients with superior sulcus tumors in-
vading the vertebral column, the 2-year survival rate with
radiation therapy was reported to be no more than 15%.19
DeMeester et a9 reviewed successful surgical treatment
for patients with vertebral invasion who required en bloc
resection of involved vertebra and surrounding tissue.
However their patients did not suffer from cortical in-
volvement of the vertebra. If tumor invasion breached the
vertebral cortical bone, the prognosis would be poor.*#
These results have suggested that surgical treatment of
superior sulcus tumor invading the vertebra will be con-
troversial. In the present study, the patients were suffer-
ing from severe pain due to vertebral invasion breaching
the vertebral cortex. Even though prognosis was poor, it
is considered essential to manage severe pain. This con-
cept is similar in patients with metastatic vertebral inva-
sion.®’ Complete removal of vertebrae and multilevel lami-
nectomy should be recommended, if tumor invasion ex-
tends to the spinal canal, transverse process, facet joints,
or lamina.™ Spaggiari et a.? raised a question about
clinical outcomes in patients who underwent
hemivertebrectomy for apical chest tumors. If 50% or
more of vertebrawas breached, total vertebrectomy would
be required. Hemi- and total vertebrectomy was performed
to achieve complete resection by several surgeons. They
emphasized the necessity of complete resection to con-
trol local recurrence of vertebral invasion.5™ In contrast,
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Retracior

RA|Resected arca; 5A, subclavian artery

Fig. 1. The 2nd, 3rd and 4th thoracic vertebral bodies were partially resected and the defect was
reinforced by a piece of rib harvested from the chest wall.
White arrow indicated the implanted piece of rib. DA, distal aortic arch; SA, left subclavian artery;

Rib, the 5thrib; RA, area of combined resection.

RA: Resected area: 30.8%
I A: Intact area; 69.2%

Fig. 2. Postoperative view of combined resection of the vertebral cortical bone.
Postoperative chest CT scan: After combined resection, the thoracic vertebral body was reinforced by implanted
piece of rib. Black arrow indicates the implanted rib. Resected areawas calculated using NIH image. RA, resected

area; R, intact area.

avertebral body with less than 30% involvement may be
treated with partial vertebrectomy. In this study, we re-
port eight patients with vertebral invasion including ver-
tebral cortical bone involvement. We employed a partial
resection of the vertebra with cortical bone involvement
with reinforcement of the vertebral body with rib. With
partial resection, it is difficult to determine a clear surgi-
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cal margin because rapid pathological examination is not
feasible for bone materials. Therefore, we performed an
additional removal of cortical bone from the margin con-
sidered to be safe during surgery. Asaresult, four of eight
patients had achieved clear surgical margins. It has been
suggested that in tumors with more than 10% vertebral
involvement there is a possibility of not achieving clear
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margins in the surrounding bone.? Therefore, additional
concurrent chemoradiotherapy was considered to be es-
sential treatment. Komaki et al.'® reported that there was
no evidence of local regional recurrence in patients who
underwent preoperative or postoperative radiation therapy.
However preoperative and/or postoperative radiation
therapy with concurrent chemotherapy has been reported
toimprovesurvival ratein patientswho undergo surgery.*
9 Rusch et al.'” reported the effective of combined mo-
dality therapy to manage superior sulcus tumor regard-
ing resectability and longevity of survival. In the present
study, we found it easy to detect the margin of vertebral
body involved and place the markers. Postoperative con-
current chemoradiotherapy is considered effectivein con-
trolling microscopic residual tumor.

Conclusion

We reported our experience in surgical treatment of lung
cancer patients with vertebral invasion. For the patients
with 30% or less invasion of the vertebral body, partia
resection of vertebrae could be performed and clear mar-
gins could be achieved. However, the local recurrence
rate is still high, and we considered it necessary to in-
clude preoperative and/or postoperative concurrent
chemoradiotherapy to control tumor recurrence. Patients
with further progressive disease should be treated with a
multidisciplinary approach.
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